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Opening Address from Luang Prabang Governor 

It is a great pleasure and honor for me, on behalf of the International Symposium on Production and Supply 
Chain Management 2012, to welcome you all to this beautiful city of Luang Prabang. First of all, I would like 
to thank the co-organizers, namely Suan Sunandha Rajabhat University (Thailand), Wollongong University 
(Australia), Saigon Newport Corporation (Vietnam), and Souphanouvong University (Lao PDR) for organizing 
this symposium, which is a major logistics regional platform and important event in the Asia-Pacific region.

In a present and future issue, we will cover more on the following topic as “Logistics Connectivity Development 
in ASEAN Economic Community and Globalization”. ASEAN have created a community of Southeast Asian 
nations at peace with one another and at peace with the world, rapidly achieving prosperity for our peoples 
and steadily improving their lives. Its rich diversity has provided the strength and inspiration to help one 
another foster a strong sense of community. Now, we gather to chart a vision for ASEAN on the basis of 
today’s realities and prospects in the decades leading to cooperation with other Asia-Pacific regions and the 
world.

To support the Lao PDR destination for international visitors, the organizers selected Luang Prabang as a 
symposium venue due to its UNESCO World Heritage Site. Luang Prabang has both natural and historical 
sites. Among the natural tourism sites are the Kuang Si Falls and Pak Ou Caves. Tourists may also ride 
elephants. At the end of the main street of Luang Prabang is a night market where stalls sell shirts, bracelets 
and other souvenirs. The Haw Kham Royal Palace Museum and the Wat Xieng Thong temple are among the 
most well known historical sites. Along with the wats a significant part of the old town’s appeal are the many 
French provincial style houses.

To conclude my address, I would like to thank the Suan Sunandha Rajabhat University, Wollongong University, 
Saigon Newport Corporation, and Souphanouvong University that have assisted in the organization to this 
symposium to promote a tourist destination at Luang Prabang to our delegates and guests from 15 countries 
around the world.

I wish good results in your deliberations.

Dr. Khampheng Saysompheng
Luang Prabang Governor, Luang Prabang, Lao PDR
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Welcome Address from Symposium Honorary Chairs

As the Honorary Chairs, it is my pleasure to invite you to attend the International Symposium on Production 
and Supply Chain Management 2012 in Luang Prabang.

This year’s symposium will draw attendance from leading incident and vulnerability handling professionals 
from all over the world. Speakers representing industry, government policy makers, as well as academic 
scholars and researchers from the production, operations, logistics, and supply chain arena will present and 
discuss the latest topics in management of production, operations, logistics, and supply chain issues.

This Symposium delivers the most up-to-date issues in global and regional logistics and supply chain 
management for two days, and also provides opportunity for CIOs, CEOs, industry leaders, managers, 
academics, and government officials to exchange ideas on logistics and supply chain trends and best 
practices. This week-long symposium is an excellent opportunity for you to meet delegates from all over the 
world, share the view of production, operations, and supply chain and logistics system internationally. As 
always, we extend a warm welcome to all our colleagues in the industry who share our interest in improving 
enterprises’ profitability, cost-cutting, and customer responsiveness rate. A bridge between the East and the 
West for centuries, Luang Prabang is located in the heart of fascinating Southeast Asia, where you’ll find a 
harmonious blend of culture, cuisine, arts and architecture along with excellent shopping opportunities.

We are looking forward to meeting you in Luang Prabang what promises to be a most stimulating and 
enjoyable event!

Assoc. Prof. Dr. Chuangchote Bhuntuvech
President, Suan Sunandha Rajabhat University, Thailand
ISPSCM 2012’s Honorary Chair

Jillian Broadbent AO
Chancellor, Wollongong University, Australia
ISPSCM 2012’s Honorary Chair

Assoc. Prof. Dr. Khamphay Sisavanh 
President, Souphanouvong University, Lao PDR
ISPSCM 2012’s Honorary Chair

Nguyen Dang Nghiem
President, Saigon Newport Corporation, Vietnam
ISPSCM 2012’s Honorary Chair
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Welcome Address from Symposium General Chair

On behalf of Suan Sunandha Rajabhat University (Thailand), Wollongong University (Australia), Saigon 
Newport Corporation (Vietnam), and Souphanouvong University (Lao PDR), we would like to welcome you to 
participate in the International Symposium on Production and Supply Chain Management 2012 which will take 
place at Chanthavinh Resort & Spa Hotel from 13 to 15 December, 2012 in Luang Prabang, Lao PDR.

The symposium will be an exciting event bringing international and interdisciplinary expertise in a rapidly 
developing field together for three days. It will provide an opportunity for experts in production, operations, 
logistics, and supply chain from worldwide to exchange and discuss ideas and information.

In addition to the symposium, there is the opportunity to experience Laos culture and participate in various 
social events and outings.

Laos has officially 49 ethnic groups and each of them preserves their own dialect, customs, culture and 
tradition. The rich culture of Laos is rooted in immense spirituality, as the predominant religion of Theravada 
Buddhism has influences extending from lifestyle to art and architecture.

I look forward to welcoming you in Luang Prabang.

Asst. Prof. Dr. Krisada Krudthong
Suan Sunandha Rajabhat University, Thailand
ISPSCM 2012’s General Chair
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Welcome Address from Symposium Program Chairs

Welcome to the International Symposium on Production and Supply Chain Management 2012 in Luang 
Prabang, Lao PDR. This professional meeting is thought to provide an excellent opportunity for faculty, 
scholars, Ph.D. students, administrators, and practitioners to meet well-known experts from all over the world 
and to discuss innovative ideas, results of research, and best practices on various topics of Production, 
Operations, and Maintenance, Inventory, Supplier Relationship, Outsourcing, and CRM, Logistics and Supply 
Chain, Distribution, Transportation, and Traffic, Operation Research, Information Technology, Risk, Financial, 
and Strategy Management, and many other related issues.

The ISPSCM symposium continues to be highly competitive and very well perceived by the international 
community, attracting excellent contributions and active participation. This year, researchers from more than 
20 countries have submitted their papers to the ISPSCM 2012 international symposium. After a careful review 
process by members of the international program committee, 53 quality papers from 15 different countries 
(Austria, Finland, France, Germany, Indonesia, Iran, Japan, Norway, South Africa, South Korea, Sri Lanka, 
Taiwan, Thailand, United Kingdom, United States of America) have been accepted for presentation at the 
symposium. We thank all authors who dedicated a particular effort to contribute to the symposium.

Each submitted paper has been reviewed by several members of the international program committee and 
international external referees. We would like to thank all of them for their help with review process of submitted 
papers. We expect the ISPSCM 2012 international symposium to be an outstanding international forum for 
the exchange of ideas and results on production, operations, logistics, transport, business, economics, and 
provide a baseline of further progress in such areas.

We hope you will enjoy your stay in Luang Prabang and be able to spend some time to visit various points of 
the world’s heritage site.

Komson Sommanawat
Suan Sunandha Rajabhat University, Thailand
ISPSCM 2012’s Program Chair

Sirirat Hotrawaisaya 
Suan Sunandha Rajabhat University, Thailand
ISPSCM 2012’s Program Co-Chair
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Speaker Background

Dr. Rattanatay Luanglatbandith 

Dr. Rattanatay is Regional Cooperation Economics at Asian Development Bank (ADB), Thailand Resident 
Mission. Prior to working as a Regional Economist in ADB Thailand Resident Mission in the capacity of a 
team member of the GMS trade and transport facilitation program with focus on working with Greater Mekong 
Subregion (GMS) Business Forum, value chain study and business support, Dr. Rattanatay used to work in 
ADB Lao Resident Mission as a Senior Economics Officer, having extensive experience in preparing country 
strategy and program, preparing country performance assessment, thematic works in economics, finance, 
governance and trade, regional cooperation and poverty. He works especially in ADB Thailand Resident 
mission in such areas as transport and trade facilitation, investment working group, support the works of the 
GMS Business Forum, linking GMS producers to regional and global value chains and production networks.

He has work experience in Cambodia, PR China, Lao PDR, Thailand, Viet Nam, and Australia, and has 
extensive experience as researcher, specialist and consultant on socio-economic and financial studies, 
poverty, environment and social impact assessments, and in programs and projects related to agriculture 
and rural development, infrastructure and trade facilitation, among others. Dr. Rattanatay received his Ph D 
and MA in Demography (socio-economist as socio-economic) from the Australian National University. He had 
over 10 years working experience as a senior official with the State Planning Committee, Ministry of Economy 
Planning and Finance of the Government of Lao PDR before joining ADB. Based on his broad and profound 
experience as consultant and socio-economist, he attended many missions and international conferences and 
published many papers on population, impact evaluation of rural development, impact of economic corridors 
mostly in Greater Mekong Subregion.
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Speaker Background

Mr. Fabian Suwanprateep

Mr. Suwanprateep is currently working as the Project Manager for the Business for Development Programme 
(B4D) with the Trade and Investment Division of the UN Economic and Social Commission for Asia and 
the Pacific (ESCAP). In his work Mr. Suwanprateep is focusing on country analyses in the Greater Mekong 
Subregion (Cambodia, Lao PDR, Myanmar, Viet Nam and Thailand) on issues related to SME capacity 
building, global value chains, cross-border production linkages and market access with a particular sector 
focus on electronics, automotive, garment & textile, agro-industry and tourism.

Before joining UNESCAP, Mr. Suwanprateep’s work was in the field enterprise and market-based strategy 
development as well as social enterprise policy and regulation. Among other things, he worked with the German 
Technical Cooperation (GIZ) on private sector capacity development, the the consulting firm International 
Advisory Services on financial sector development issues, for TechnoServe with a focus on designing market-
based strategies improve household nutrition as well as for the UN World Food Programme on monitoring 
and evaluation. Mr. Suwanprateep holds master degrees in Public Policy from the Lee Kuan Yew School of 
Public Policy at the National University of Singapore and Economic & Political Development from the School 
of International and Public Affairs at Columbia University, New York.
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The International Symposium on Production and Supply Chain Management 2012
Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

Theme: Logistics Connectivity Development in ASEAN Economic Community and Globalization

Thursday (T)
13 December 12

Track A Track B

Room Chanthavinh 1 Chanthavinh 2

07:45 – 08:45 REGISTRATION

08:45 – 09:15 OPENING ADDRESS:
Khampheng Saysompheng

Luang Prabang Governor, Luang Prabang, Lao PDR

WELCOME ADDRESS:
Assoc. Prof. Dr. Chuangchote Bhuntuvech 

President, Suan Sunandha Rajabhat University, Thailand
09:15 – 10:15 KEYNOTE ADDRESS:

“GMS Trade and Investment: Challenges in AEC Logistics Connectivity”
Dr. Rattanatay Luanglatbandith

Regional Cooperation Economist, Thailand Resident Mission, 
Asian Development Bank, Philippines

10:15 – 10:30 THURSDAY AM BREAK

10:30 – 11:30 KEYNOTE ADDRESS:
“GMS Trade and Investment: Challenges in AEC Logistics Connectivity” (Con’t)

Dr. Rattanatay Luanglatbandith
Regional Cooperation Economist, Thailand Resident Mission, 

Asian Development Bank, Philippines
11:30 – 12:30 THURSDAY LUNCH BREAK

12:30 – 14:30 TA1
Production, Operation, and

Maintenance/Operations Research

TB1
Distribution, Transportation, and Traffic 1

14:30 – 14:45 THURSDAY PM BREAK

14:45 – 17:00 TA2
Inventory and Warehouse Management/

Information Technology

TB2
Distribution, Transportation, and Traffic 2

17:00 – 17:45 UNIVERSITIES’ COLLABORATION FORUM

19:00 – 21:00 WELCOME DINNERS:
Chanthavinh Resort & Spa Hotel, Luang Prabang

Friday (F)
14 December 12

08:00 – 09:30 REGISTRATION

09:30 – 10:30 KEYNOTE ADDRESS:
“Cross-Border Production Linkages and Economic Integration: the Role of Logistics”

Fabian Suwanprateep
Project Manager, Business for Development Project, 

Private Sector and Development Section,
Trade and Investment Division, UN Economic 

and Social Commission for Asia and the Pacific, United Nations
10:30 – 10:45 FRIDAY AM BREAK

10:45 – 11:15 KEYNOTE ADDRESS:
”Cross-Border Production Linkages and Economic Integration: 

the Role of Logistics” (Con’t)
Fabian Suwanprateep

Project Manager, Business for Development Project, 
Private Sector and Development Section,

Trade and Investment Division, UN Economic 
and Social Commission for Asia and the Pacific, United Nations
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11:15 – 12:15 FRIDAY LUNCH BREAK

12.15 – 14:30 FA1
Supplier Relationship, Outsourcing, 

and CRM

FB1
Logistics and Supply Chain Management

14:30 – 14:45 FRIDAY PM BREAK

14:45 – 16:00 FA2
Risk, Financial, and Strategy 

Management 1

FB2
Risk, Financial, and Strategy 

Management 2
16:00 – 16:15 CLOSING ADDRESS:

Komson Sommanawat,
Program Chair, Suan Sunandha Rajabhat University, Thailand

Saturday (S)
15 December 12

07:00 – 08:00 HOTEL LOBBY

08:00 – 18:00 FULL-DAY TOUR
Luang Prabang City and Temples Tour

(Contacting Travel & Tour Services with Personal Expenses)

Thursday, 13 December 2012

Code Session Chair Room Start Finish

TRE Registration 
Thursday

Komson Sommanawat Foyer 07:45 08:45

Code Session Chair Room Start Finish

TOA Opening Addresses Assoc. Prof. Dr. 
Chuangchote Bhuntuvech 

Chanthavinh 1 08:45 09:15

08:45 09:00 Opening Address:
Mr. Khampheng Saysompheng

Luang Prabang Governor, Luang Prabang, Lao PDR
09:00 09:15 Welcome Address:

Assoc. Prof. Dr. Chuangchote Bhuntuvech 
President, Suan Sunandha Rajabhat University, Thailand

Code Session Master of Ceremonies Room Start Finish

TKA Keynote Addresses Sirirat Hotrawaisaya Chanthavinh 1 09:15 10:15

09:15 10:15 GMS Trade and Investment: Challenges in AEC Logistics Connectivity

Code Session Room Start Finish

TAB Thursday AM 
Break

Foyer 10.15 10.30

Code Session Master of Ceremonies Room Start Finish

TKA Keynote Addresses Sirirat Hotrawaisaya Chanthavinh 1 10:30 11:30

10:30 11:30 GMS Trade and Investment: Challenges in AEC Logistics Connectivity (Con’t)

Code Session Room Start Finish

TLB Thursday Lunch 
Break

Restaurant 11:30 12:30

Code Session Chair Room Start Finish

TA1 Production, 
Operation, and 
Maintenance/
Operations 
Research

Chair: Phutthiwat 
Waiyawuththanapoom

Chanthavinh 1 12:30 14.00

0021 12:30 12:45 Both “Lean” and “Agile” in Construction Value Networks?
Per Engelseth

0056 12:45 13:00 Management on Energy used in Freezing of Tunnel Freezer
Teerayut Horthong and Pairat Sophanodora

0060 13:00 13:15 Appropriate Tolerance Allocation Based on Manufacturing Costs
Somsakaya Thammaniwit, Ratthaprom Promkham, Peerayuth Charnsethikul

0031 13:15 13:30
Efforts to Accelerate Emergency Response Time in Coping with Earthquake and Tsunami 
Disasters (A System Dynamics Approach)
Budisantoso Wirjodirdjo, Qorik Alfian, and Diesta Iva Maftuhah
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0033 13:30 13:45 Ranking for Fuzzy Decision Making
Marian S. Stachowicz

0034 13:45 14:00
Ant Colony Optimization Applied to Vehicle Routing Problem with Time Windows and 
Perishable Products
Rattanan Pipitthanakraiporn, Supphachan Rajsiri, and Thana Sarttra

TB1 Distribution, 
Transportation, 

and Traffic 1

Chair: Dr. Chayanan Kerdpitak Chanthavinh 2 12:30 14:30

0005 12:30 12:45
Management of Transportation Ready-Made Cars Problem Via Particle Swarm Optimization 
Method
Sawat Pararach and Chanavee Paogun

0010 12:45 13:00
Transport Mode Choice in Sustainable Supply Chain Management – Applying the Theory of 
Planned Behavior to Transportation Processes
Elmar Fürst, Peter Oberhofer, Maria Dieplinger, and Johannes Freller

0011 13:00 13:15 Environmental Management in Transport and Logistics Companies
Maria Dieplinger and Peter Oberhofer

0016 13:15 13:30
A Location Analysis of the Distribution Center and Logistics Hub in the Greater Mekong 
Subregion
Thongyu Khongkan

0019 13:30 13:45 The Distribution Process of Lychee in Amphur Amphawa of Samut Songkhram Province
Wannee Sutthachaidee

0022 13:45 14:00 Study of Consumer Behaviors on Real Time Traffic Information Service
Malai Potipun, Pairoj Raothanachonkun, and Nakorn Indra-Payoong

0026 14:00 14:15 Flagging Out: A Systematic Literature Review
Maria Dieplinger, Elisabeth Reichl, and Sebastian Kummer

0028 14:15 14:30 The Decision of Travelers in Choosing to Use Low Cost Airlines
Chayanan Kerdpitak and Kai Heuer

Code Session Room Start Finish

TPB Thursday PM 
Break

Foyer 14:30 14:45

Code Session Chair Room Start Finish
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ABSTRACT

At the present, Heterogeneous Fleet Vehicle Routing (HVRP) is of crucial importance in today’s automobile 
industries, accounting for a significant portion of many distribution and transportation systems. This paper presents a 
computational-efficient HVRP algorithm, which is based on the principles of particle swarm optimization (PSO). PSO 
follows a collaborative population-based search, which models over the social behavior of bird flocking and fish 
schooling. PSO system combines local search methods (through self experience) with global search methods (through 
neighboring experience), attempting to balance exploration and exploitation. The adaptation and implementation of the 
PSO search strategy to HVRP for deliver new car from manufacturer to dealers in order to get lowest cost are discussed 
and a numerical experiment to show the effectiveness of the heuristic are provided. The experimental results indicate that 
the new PSO algorithm can effectively get near-optimal solutions with shorter computational time.

KEYWORDS
Heterogeneous Fleet, Vehicle Routing, Particle Swarm Optimization (PSO), Meta-heuristic, Transportation Route, 
Logistics

INTRODUCTION

In the present, the generate ready – made cars owing to rapidly develop manufacturing industries and demand in 
provincial part are increased. Activities of transporting of finishing car increase exponentially, on the other hand, cost per 
unit of transportation is increased due mainly to factor of  transportation which is cost of fuel rising extremely in this 
decade and expected that price of fuel is increasing  relentlessly. Therefore, it is important to consider solution of 
improving transportation to decrease cost per unit which can escalate ability of competition.

FIGURE 1
TRANSPORTATION ROUTE
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Structure of Transportation Ready-Made Cars Problem

In transportation this cars , distribution center will be located in manufacturing plant. Transportation will use the 
truck which are available in various sizes. Typically,  type of truck, which is always use , have two sizes. First size can 
lade for three cars and the other can freight for seven cars. Supplying will manage in a such way that each customer will 
be served from only one truck (In case that ordering of cars  can’t  exceed capacity of truck which is available for seven 
cars). When shipping is complete , truck will return to plant for receiving next products. Structure of this problem is 
Heterogeneous Fleet Vehicle Routing Problem (HVRP). It was proposed for the first time by Golden, Assad, and Levy 
(1984). Model of problem is considered from chart  G = (N, A) denoted  by  N is set of node which is representative of 
distribution center and agent of customer and A is showed that it composes sets of transportation route (Figure 1). 
Sequences of customer are assigned from 1 to N ,while distribution center will be designated with 0. Each of customer 
has demand of product is qn and types of shipping truck have 1 to K. Each truck has variable cost and amount of product 
than can be carried. Both of them are represented by Ck and Qk respectively. Cost of transportation will have variable 
value depend on distance from Node (i) to Node (j) which is equal to (Cij) x (Xij). It prescribe that which route will be 
selected. If any route is equal to 1 (Xij = 1), It means that will choose this route. In the same way , If any route is equal to 
0 (Xij = 1), It means that won’t select this route.

Objective function of this problem is solving to the minimum cost of routing. Express as a formula

Objective function
         (1) 

Subjected to constraint

       : j = 1, 2, .., N                   (2)

       : i = 1, 2, .., N                   (3) 

    :t = 1, 2, …, N          (4) 

 : k = 1, 2, .., K         (5) 

     : k = 1, 2, .., K                          (6) 

     : k = 1, 2, .., K                          (7) 

: i, j = 0, 1, 2, .., N; k = 1, 2, .., K        (8) 

Constraint function (2), (3) formulates that the truck must serve each of customer in one time. Equation (4) is 
continual equation. It is specified that when the truck come in any Node (t), all of it must come out of this Node. Formula 
(5) prescribes that total of all route of demand mustn’t exceed ability of this truck.  Equation (6) , (7) assign that each 
truck  must start from distribution center and return to this center when shipping is complete and equation (8) imposes 
that variables of  Xij is only equal to 0 or 1.
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LITERATURE REVIEW

Methodology of particle swarm optimization was presented for the first time in 1995 by Shi & Eberhart 
(Kennedy & Eberhart, 1995). This method is one of Meta Heuristic method to find near-optimal solution by using 
collaborate population groups. There were education and research extensively to use particle swarm optimization for 
solving VRP solution.

Suganthan (1999) proposed  PSO  as  local version.  The principle of PSO was using site population and in the 
initial step, the site population was particle that independent from another. When evolution of PSO, site population group 
increase gradually. Finally, site population group will cover  all group of particle. Subsequently, Zhang and Wu (2008) 
applied FDR-PSO (Fitness-Distance-Ratio based PSO) for solving VRP problems by learning of Swarm. It not only has 
Gbest but also Nbest. It is the best position which was found by site population group and actualize to achievement by 
selecting particle which affected to maximum proportion of fitness difference to one-dimensional distance. For complex 
problems, PSO normally have one population group to unsuccessfully solve better solution. Wu and Ma (2007) designed 
Multi-population PSO aims to find the convergence of VRPTW answers. Multi-population PSO method used two group 
of population. Default setting with two different methods is random and systematic value method. These two populations 
obtain mechanism of memory values in each particle and chose preferable value in memory. Later, two populations will 
select the preferable value instead of interior value. This method proved that able to use with Vehicle Routing Problem 
with Time Window problem (VRPTW). Typically, searching of PSO will have a convergence of  Gbest rapidly in the 
first round then it slow down and stopped. This behavior initiated loss distribution of populations that Swarm group is 
located in  local optimum. This solving , Wang, Ding, & Gao (2007) applied Mutational Operator to solve Vehicle 
Routing Problem with Stochastic Demands problem (VRPSD). The last step of method, some of population was 
prescribed new value when value of Gbest wasn’t change or slightly change.  Ai  and Kachitvichyanukul (2008) 
proposed PSO via self-adapt inertia weight (w). This method engendered balance of internal and external routing which 
tend to increase more than old method. As a result , It can solve better solution by using shorter time.

PARTICLE SWARM OPTIMIZATION (PSO) ALGORTITHM

Particle swarm optimization is systematic method of Meta Heuristic which aim to solve the answer that near-
optimal solution. Particle swarm optimization method was applied from observing to droves which it is moving as a 
group without command and control moving center but It can move orderly.

Algorithms of solving for particle swarm optimization , in the beginning , we impose initial particle which is 
represented population to find solutions in each cycle. When the initial particle has been evaluated entirely in desired 
populations , each of population value will be solve to fitness value of itself. Position of population ,which optimal 
fitness value in Swarm, is assigned position to Gbest , and fitness value is formulated Gbest value.

In  second step , each of particle is evaluated velocity value by citing from its position and position of Gbest. 
See in formula (9).

   (9) 

where ,
lh ( +1) = velocity of Particle 

(number( l) , dimension (h) , cycle ( +1))   Cg = Coefficient of Global Term
u = random value from interval of (0, 1)

gh = Gbest position of dimension ( h)
lh ( ) = position of Particle 

(number (l) , dimension (h) , cycle ( +1))

Value of velocity which is calculated from formula (9) will be used to compute movement of each particle in 
equation (10)

 (10)

where,
lh ( +1) = position of Particle (number (l) , dimension (h) , cycle ( +1))
lh ( )     = position of Particle (number (l) , dimension (h) , cycle ( ))
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lh( +1) = velocity of Particle (number ( l) , dimension (h) , cycle ( +1))

Position of particle ,which is optimal fitness value , is used to compare with position of  Gbest value. In the first 
step, If the value from second cycle is better than old Gbest value. This value will be imposed Gbest value.  Position of 
Gbest and each particle will  select its  position ,which derived  from optimal fitness value , to use Pbest position. 
Optimal fitness value , which come from its experience , is used to impose Pbest value.

In third step , each particle will solve velocity value by reference from velocity value that run in previous cycle. 
See term of Gbest in formula (11)

    ( 11)
where , 

lh ( +1) = velocity of Particle (number ( l) , dimension (h) , cycle ( +1))
lh ( ) = velocity of Particle (number ( l) , dimension (h) , cycle ( ))

w( ) = Inertia Weight cycle ( )
Cp = Coefficient of Local Term
Cg = Coefficient of Global Term
u = random value from interval of (0, 1)

lh = Pbest Position  ( dimension (h) )
gh = Gbest Position  ( dimension (h) )

lh ( ) = position of Particle (number (l) , dimension (h) , cycle ( ))

Velocity value, which is calculated, is used to update position of each particle. Each of it is updated after that 
each particle is evaluated fitness value. If Pbest and Gbest, which are solved, are better than old values, both of them will 
be updated. Then, each of particles is replicate in third step indefinitely until required numbers of cycle.

The algorithm can be shown in Figure 2 .  In the first step of this program, it will set random position and 
velocity is equal to 0 with every particle in swarm. Then, the program will array ascending value of customers within 
swarm. Customers will be chosen sequentially. Subsequently, it will check amounts of product in every truck. If 
quantities of product are exceed maximum ability of the truck, the program will select adjacent car from sample fleet 
which is defined. Process of this step will be finished when supplying arrive to the last customer. And then , It will 
calculate fitness value of such particle and select next particle. When all particle is estimate completely , It will correlate 
and adjust Pbest and Gbest value. After that this program will compute velocity and position value and repeat in the next 
cycle. Process of this system will be finished when number of repeating cycle is equal to specified cycle. 

RESULT OF SOLVING THE SMALL SIZE PROBLEMS

Research of  particle swarm optimization  is investigated by using 10 random samples. For small size of 
problem, each of sample assign 10 customers and distance between city to another city will come from random value 
which is symmetric distance. It means that arrival and departure distance are coincident. Example S1 – S9 are simple one 
only example S10 is a bit more complex problem. Demand of customer , which is determined , is equal to 1 but there are 
many routes in system. Therefore, It made more difficult to compute.

The parameter of  PSO  are defined constantly as a following : Particle = 500,  Maximum Iteration = 500, Cg = 
0.4, Cp = 0.4, Wmax = 1.2,  Wmin = 0.8.  All samples will be operated in three times to compare the variance in process 
,and the same way, each average of sample will be compare percent of difference two solution from LP program. All 
results are shown in Table 1.  
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FIGURE 2
ALGORITHM OF PARTICLE SWARM OPTIMIZATION SYSTEM

          

                

TABLE 1
RESULT OF SOLVING THE SMALL SIZE PROGRAMS

Instance
Run1 Run2 Run3 Average

LP Best
Diff 
(%)Gbest Time(s) Gbest Time(s) Gbest Time(s) Gbest Time(s)

S1 9235.5 51 9235.5 58 9235.5 49 9235.5 52.7 9235.5 0.0
S2 9642.0 68 9642.0 61 9642.0 62 9642.0 63.7 9642.0 0.0
S3 12021.0 50 12021.0 49 12021.0 50 12021.0 49.7 12021.0 0.0
S4 7161.5 56 7125.5 57 7125.5 68 7137.5 60.3 7125.5 0.2
S5 8049.5 53 8049.5 50 8049.5 60 8049.5 54.3 8049.5 0.0
S6 13994.0 48 13994.0 55 13994.0 54 13994.0 52.3 13994.0 0.0
S7 12875.5 48 12875.5 54 12875.5 56 12875.5 52.7 12875.5 0.0
S8 10426.5 55 10426.5 61 10426.5 50 10426.5 55.3 10426.5 0.0
S9 11292.0 62 11292.0 48 11292.0 55 11292.0 55.0 11292.0 0.0

S10 3983.0 67 3968.0 67 4212.5 66 4054.5 66.7 3968.0 2.2

Comparation between Gbest and LPBest in Table 1 which found that the solutions are very closed, the 
percentage of difference is zero, excluding the S10.  This implies that the solution of PSO are very near optimal solution. 
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RESULT OF SOLVING THE LARGE SIZE OF PROBLEMS

For large size of problem, instances of Taillard  E.D.. (1999) are investigated, which are composed of the 
number n of customers and, for each vehicle type k : the capacity Qk, the fixed cost fk, the variable cost k and the 
number nk of vehicles available. For the VRPHE, the fixed costs fk have to be set to 0 and for the VFM, the variable 
costs have to be set to 1 and the number nk of vehicles available to infinity for all k.

The parameter  of PSO  are defined constantly as a following : Particle = 500,  Maximum Iteration = 500, Cg = 
1.2, Cp = 1.2, Wmax = 0.4,  Wmin = 0.4.

TABLE 2
RESULT OF SOLVING THE LARGE SIZE PROBLEMS

 

Problem 
Number n Best Taillard 

(1999)
Gendreau et 

al. (1999)

Wassan and 
Osman 
(2002)

Choi and 
Tcha 

(2006)

This 
Thesis

Diff 
(%)

13 50 1491.86 1494.58 1491.86 1499.69 1491.86 2110.05 41.44
14 50 603.21 603.21 603.21 608.57 603.21 898.90 49.02
15 50 999.82 1007.35 999.82 999.82 999.82 1433.88 43.41
16 50 1131 1144.39 1136.63 1131 1131 1456.87 28.81
17 75 1031 1044.93 1031 1047.74 1038.6 2017.16 95.65
18 75 1801.4 1831.24 1801.4 1814.11 1801.4 3307.02 83.58
19 100 1100.56 1110.96 1105.44 1100.56 1105.44 2543.65 131.12
20 100 1530.16 1550.36 1541.18 1530.16 1530.43 3651.56 138.64

Average (%) 0.92 0.21 0.47 0.15 - 76.46
N of best solution 1 5 4 5 5 0

 

DISCUSSION AND CONCLUSION

According to testing of the small size problems (Table 1), the results shown that they can solve  solution  very 
near the same as the answer of LP program in normal level. The results in Table 2 are the performance of PSO applying 
to the  large size problems. Comparation to other previous methods, the PSO is not the best algorithm, however the  
algorithm can be improved by using the optimum parameter such as increase the number of partincle and iteration or by
adjusting answer in decoding particle step to create route of truck by using insertion (Rosenkrantz, Stearns,& Lewis, 
1977) and k-opt exchange (Lin and Kernighan, 1973) method.  It encourage to find out the new algorithm to get better 
answer in the futher research. 

This study shows the PSO method can solve the transportation  ready-made cars  problem.  It can use to solve 
the small problem efficiently in term both of quality and  time. But for the large size of problem, it need some 
improvement. The advantage of this method can be applied to many vehicle routing problem. It might be applied to 
timing and management of distribution centers problem.  
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ABSTRACT 
 

This paper presents the theory of planned behavior as a tool to analyze and predict the behavior in transport 
mode choice. It identifies influencing factors for actual mode choice in passenger as well as freight transportation and 
discusses measurements that support modal shifts. Based on an extensive literature analysis the paper evaluates whether 
various experiences gained from applying the theory of planned behavior in passenger transportation hold true for freight 
transportation. Further, it aims to reveal other factors that impact the choice of transport modes in the field of logistics 
and supply chain management. Moreover, various actions that can be taken by regulators to foster shifts from one mode 
of transport to another or to increase the rate of multimodal transports are discussed. Although not yet applied in 
empirical projects the findings in passenger transportation let assume that the TPB is also capable to explain mode 
choices in freight transportation as both show similar characteristics. Moreover, the concept is able to explain partly 
rational or irrational decisions of shippers.  
 
KEYWORDS 
Transport Mode, Planned Behavior, Logistics, Supply Chain 
 
 

INTRODUCTION 
 

Sustainable development is a key component for a prosperous progression of our society. The broad scope of 
this important term offers a range of starting points for improvement. In the field of supply chain management 
transportation is regarded as a key issue in sustainable development. In the European Union (EU) it accounts for 23 % of 
total net emissions of CO2 by 2009 (Eurostat, 2011). This implies that a reduction in greenhouse gas emissions caused by 
transportation would have a notable impact on the environment. However, transportation is an important driver for 
globalization and all of its benefits. Road transportation is by far the main contributor with a share of 95 % (Eurostat, 
2011). Considering these figures there is a need for modal shifts toward alternative modes of transport (e.g. railway, 
inland waterway) to reduce total net emissions of greenhouse gases and to transform to a more sustainable society. The 
Theory of Planned Behavior (TPB) developed by Ajzen (1985) is a well-established concept that helps to identify and 
analyze influencing factors for actual transport mode choice. Understanding the behavior of individuals in mode choice 
may suggest measurements supporting modal shifts. 
 
 

THEORETICAL BACKGROUND 
 

The TPB is a model aims to reduce the complexity of the determinants of an individual’s behavior that may vary 
depending on the situation of interest. In this concept an individual’s intention to perform a certain behavior is a central 
factor. It depicts the willingness of an individual to behave in a certain way. Thus, a person’s intention to perform a 
behavior is the immediate determinant of its action (Ajzen, 1985, p. 12). Figure 1 illustrates this relationship. According 
to the TPB an individual’s intention is further dependant on three major aspects, namely the attitude toward the behavior, 
the subjective norm and the perceived behavioral control (Ajzen, 2011, p. 75; Ajzen, 2012, p. 445). These three factors 
combined add up to the intention of an individual to perform a given behavior. 
 

The attitude toward the behavior is a person’s evaluation of how likely an outcome will result out of a particular 
behavior (behavioral beliefs) and whether this is favorable or unfavorable to the individual (Ajzen, 1985, p. 13). The 
subjective norm refers to the person’s perceived pressure created by its social environment to perform or not to perform a 
behavior (normative beliefs) in combination with the motivation to comply (Ajzen, 1991, p. 188; Ajzen, 2011, p. 77). 
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The behavioral control is the degree of capability of an individual to perform a certain behavior which is influenced by its 
skills, requisite information or the presence of external obstacles. In reality there is often a lack of sufficient information 
about actual behavioral control. Therefore, perceived behavioral control is used as a proxy which refers to the ease or 
difficulty perceived by the individual to perform a particular behavior. This includes experiences from the past and other 
anticipated barriers. The intention can be seen as a probability value. Hence, the general rule is the better the attitude 
toward the behavior and the subjective norm, and the greater the perceived behavioral control, the higher is the intention 
of an individual to perform a certain behavior (Ajzen, 1991, p. 188). 

 
FIGURE 1 

EXPECTED EFFECTS OF A BEHAVIORAL INTERVENTION IN THE TPB  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source : Ajzen (2011, p. 76) 
 
Transport mode choice in passenger transportation 
 

Elaborate models have been developed to predict passenger transportation since it is an appealing field for 
policy makers. The range of influencing factors used is manifold. Research in the area of Barcelona provided valuable 
insights in the relevance of certain factors. Exogenous variables (e.g. monetary costs, in-vehicle time, waiting time, 
access distance to public transport, service frequency, the population density at the workplace) and individual 
characteristics (e.g. sex of the commuter, whether the commuter is head of the household, the distance from home to 
workplace, income) have been identified as significant factors in mode choice in passenger transportation (Asensio, 
2002, p. 1893). In a similar study, Shen et al. (2008, p. 1236) provide some interesting insights from their research about 
environmental consciousness as a determinant in transport mode choice. The findings of this research showed that the 
more deterioration a transport mode causes on the environment, the more unfavorable this mode becomes to the 
individual. Furthermore, it showed that with increasing negative environmental impact of one alternative, the share of the 
other, more environmentally friendly modes increases. Bühler (2011, pp. 648) presents in his research a comparison of 
determinants that influence transport mode choice between the USA and Germany. In this model socio-economic and 
demographic factors (e.g. income, car access, etc.), spatial development patterns (e.g. population density) and transport 
and land-use policies (e.g. household distance to public transport stop) have been identified as significant determinants of 
mode choice in passenger transportation. 
 
 
Applying the theory of planned behavior to predict mode choices 
 

Other studies used the concept of the TPB to predict the choice of transport modes in passenger transportation. 
The model postulates that intentions are antecedent to behavior. Thus, if it is possible to change the intentions to a certain 
degree, the behavior will consequently change as well. This allows predicting changes in the choice of transport modes, 
if particular inputs are proposed to a group of individuals of interest. 
 

In the classical sense of the TPB an individual’s intention to perform a behavior of interest is formed by their 
attitudes toward the behavior, the subjective norm and their perceived behavioral control. Bamberg et al. (2003, p. 177) 
investigated whether this concept can contribute to an explanation of the choice of transport modes and whether the 
determining factors can be influenced in a way that model shifts can be achieved. The area of interest was the choice of 
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transport mode to the university campus by college students in a German city. The research focused on increasing the 
number of students who take the bus to the campus by introducing a prepaid semester ticket for bus rides that could be 
easily obtained by presenting a valid student ID. The results of this study show that after the introduction of the ticket the 
attitude, subjective norm and perceived behavioral control in regard to taking the bus has significantly increased and the 
number bus users more than doubled. 
 

Further research aimed to include additional predicting parameters in the TPB to analyze mode choice in 
passenger transportation. Chen and Chao (2011, p. 134) showed that the perceived ease of use and the perceived 
usefulness (Davis, 1989) positively affect the attitude toward public transportation. Furthermore, they illustrated a 
significant negative effect of habit on perceived behavioral control and on switching the intention to use public 
transportation. Environmental concerns also positively influence the attitude of individuals towards alternative modes 
(De Groot and Steg, 2007, pp. 1829). The perceived mobility necessity (PMN) has a direct influence on the behavior in 
favor of non-environmentally friendly modes but not on the intention (Haustein and Hunecke, 2007, pp. 1878). Another 
study by Heath and Gifford (2002, pp. 2162) revealed a significant positive influence of the descriptive norm on the 
intention as well as on the behavior. The descriptive norm refers to an individual’s perception of what is commonly done 
in specific situations (Schultz et al., 2007, p. 430). Figure 2 summarizes the relationships between the positive (green) 
and negative (red) factors and the TPB for passenger transportation. 
 

FIGURE 2 
ADDITIONAL INFLUENCING FACTORS IN THE TPB FOR MODE CHOICE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Transfer of results to freight transport 
 

There is reason to assume that a shipper is influenced by other determinants in his choice of transport mode 
compared to an individual person. A shipper often has other objectives to achieve than his personal beliefs. In freight 
transportation the main drivers of mode choice can be summarized as freight rates, transit times, reliability, goods 
characteristics and quality of service attributes (Jeffs and Hills, 1990; McGinnis, 1990; Cullinane and Toy, 2000; Witlox 
and Vandaele, 2005).  
 

Comparing the determining factors in mode choice of both passenger transportation and freight transportation 
some similarities as well as differences can be identified. The factors that are assumed to have a high impact on transport 
mode choice in both passenger and freight transportation are time, costs and some characteristics of the service. The 
accessibility to the transport service is also important in either case. Socio-economic and demographic factors are mostly 
related to the individual and have therefore only limited impact on decisions in freight transportation. However, goods 
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characteristics could be interpreted as an equivalent to that, because both factors specify the particular needs of the object 
to be transported.  
 

Yet, no comparable study has been conducted to prove the validity of the TPB in freight transportation. 
However, since the concept of the TPB has been successfully applied in passenger transportation, which shows similar 
characteristics as freight transportation, it can be expected that it is capable of explaining actual mode choice of shippers 
as well. People often fail to make rational decisions in complex situations. Such a rational decision in mode choice in 
freight transportation would be based, for instance, simply on the least cost. Since people have only limited capability to 
make purely rational decisions, they behave merely partly rational and sometimes even irrational (Loch and Wu, 2007, 
pp. 141). Figure 2 shows that although people might have a high intention to use alternative transport modes, their 
perceived mobility necessity impedes the behavior. Similarly, people develop habits because they have limited 
capabilities to rationally evaluate the situation every time. Therefore, the TPB seems to be capable to explain partly 
rational or even irrational behavior. This might be even more true in freight transportation as it involves decisions in 
highly complex situations. Thus, the introduction of new information by transport operators or the implementation of 
regulations in favor of modes regarded as environmentally friendly (e.g. rail or inland waterway) might change the 
shipper’s intention to prefer the predominant road transportation. 
 
 

PRACTICAL IMPLICATIONS 
 

Looking at the findings, potential measurements can be suggested to foster the competitiveness of sustainable 
transport operators and to highlight ways for policy makers to influence modal shifts. Habits seem to play an important 
role in freight transportation. According to the TPB, it might hinder the shipper to switch to an environmentally friendly 
mode. However, the more frequently the shipper chooses alternative modes of transport, the more likely it becomes that 
he develops new habits that strengthen his decision (Chen and Chao, 2011, p. 136).  
 

In order to increase the attitudes toward choosing environmentally friendly modes and the subjective norm, 
transport operators could invest in high-quality facilities with sufficient capacities. This would increase the technological 
acceptance and reduce lead times. Improved reliability achieved by constructional measures would further increase 
attitudes. Promotion for sustainability and CSR projects may strengthen subjective norms. However, limited control 
beliefs of the shipper might be an obstacle to foster alternative transport modes. 
 

Policy makers also have substantial power to boost modal shifts. Investing in high-quality facilities are one 
possibility. In order to reduce lead times of alternative transport modes, governments could facilitate the procedures at 
inland ports or relax priority rules on railways. Furthermore, increased costs of road transportation could also raise the 
share of environmentally friendly modes of transport. This could be achieved by an internalization of external costs (e.g. 
road tolls, fuel tax).  
 
 

CONCLUSION 
 

Modal shifts in passenger and freight transportation are inevitable to transform into a more sustainable society. 
Promoting environmentally friendly transport modes is a key measure to achieve this goal. The TPB has been proven to 
be an applicable concept to analyze and predict actual mode choices in passenger transportation given the introduction of 
incentives in favor of environmentally friendly modes. Moreover, there are additional determinants that influence the 
factors of the TPB or directly the intention and the behavior. Despite some differences in the influencing factors of 
passenger and freight transportation several common parameters give reason to assume that the TPB might explain mode 
choice behavior in freight transportation as well. However, no comparable study has been conducted in this field so far. 
Eventually, there are possibilities for transport operators and policy makers to take measures that positively affect the 
attitude, the subjective norm and the perceived behavioral control in order to increase the intention of decision makers to 
choose sustainable transport modes. 
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ABSTRACT

A case-based approach using multiple field studies with face-to-face expert interviews was used to 
identify and evaluate environmental practices and to discuss the role of profitability among other influencing 
factors like regulations or stakeholder interests. We can confirm that the economic factor is decisive for 
companies’ decisions about the implementation of environmental practices. However, they often lack the ability 
of measuring costs and (especially) benefits due to its complexity or missing monitoring. Nevertheless, we will 
demonstrate on selected cases how environmental measures are contributing to the overall business performance 
and which problems may apply. Due to its limited numbers of cases our qualitative research might like lack 
external validity. However, the number of cases orientates at recommendations from renowned literature and 
supporting secondary data was collected. We demonstrate how practices can both protect the environment and 
contribute to companies’ efficiency and effectiveness. Furthermore, implications are given to politics on how to
support road freight transport companies in this regard. Because there is little evidence of tangible environmental 
practices in the sector of road freight transport and their impact on the business performance, this study is both 
exploratory and explanatory in its nature. 

KEYWORDS
Environment, Transport, Logistics, Business, Performance

INTRODUCTION

Sustainability has become a central business focus. Not only policy makers claim pro-active 
performance from companies but also various members within supply chains expect their business partners to 
reduce negative impact on environment and society. Furthermore, customers become more and more sensitive to 
environment- and social-friendly products and services. Companies, of course, realise this development and not 
only regard it as opportunity for new markets and ways to distinguish from competition but also start to sense 
possibilities of improving their businesses’ efficiency and effectiveness by means of sustainable measures. 
Operating in a very competitive environment, firms are often forced to base their business behaviour, including 
decisions on sustainability issues, on economic decisions. Especially the road freight transport sector is 
characterized by high competition and price sensitivity.

In this article, we explore the central meaning of the profitability within firms’ decision making 
processes concerning the implementation of environmental-friendly measures and thereby focus on the Austrian 
transport and logistics sector. A case-based approach using multiple field studies with face-to-face expert 
interviews was used to discuss the role of profitability among other influencing factors like regulations or 
stakeholder interests. 

THEORETICAL APPROACH

A widespread definition of “sustainability” was developed by the UN Brundtland Commission in 1989, 
determining sustainable development as “[...] development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs.” (UN 1987, p.54). In recent years, the 
business and management literature focused increasingly on an integration of social, environmental and 
economic responsibilities to define sustainability. This is broadly known as the triple bottom line approach that 
suggests a balanced interplay of the three “pillars” within this triangle (Elkington, 1998/2004). Carter and Rogers 
(2008, p.368) slightly shifted inter-correlation of the three “pillars” towards a more decisive role of the economic 
performance. It is argued that environmental and social intentions have to be clearly aligned with economic goals 
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of the company and that any initiatives that do not consider a firm’s overall strategic and financial purposes are 
socially irresponsible (Carter and Rogers, 2008, p.369). 

The environmental visibility of a firm is often reflected by the amount of pressure it experiences 
(Bowen, 2000). Customers are often a driving force for “green” practices. Furthermore, the position in the 
supply chain is a decisive factor. Especially companies with end-consumer contact act sustainably and encourage 
suppliers to improve their environmental performance. (Handfield et al, 1997).

The reasons for implementing environmental management are widespread. The degree of environmental 
management implementation in a company can be described as a function of general, external and internal 
influencing factors (Oberhofer and Fürst, 2012; Wittstruck and Teuteberg, 2012).

CO2 can be defined as the most serious causer of greenhouse gas emissions (IPCC 2007). Transport is 
thereby one of the greatest source of CO2. A study of the IPCC found that transport is responsible for 17% of the 
global CO2 emissions. Within the European Union this figure even rises to 24% (Eurostat 2011). Road transport 
causes on average 77% of all national inland transports of the EU-27 countries and consequently is a main 
source of environmental pollution. However, it is still unclear how the need, willingness and ability for 
environmental improvement is regarded in the transport sector (Thornton et al., 2008). 

METHOD AND DATA

A case-based approach using multiple field studies and face-to-face interviews to discuss the role of 
profitability among all influencing factors was chosen. Our study was based on multiple data sources by 
combining primary interview data and secondary archival data. According to Eisenhardt, case study approach is 
appropriate for theory development (Eisenhardt, 1989). 

The primary data collection was carried out through semi-structured interviews. Based on our 
theoretical framework, an interview protocol was created. It was sent out to the respondents in advance to allow 
them to become familiar with the content. Interviews lasted between 45 and 90 min. They were tape-recorded 
and completely transcribed. Additional follow-up questions were sent by email in order to clarify contents of the 
interview. 

Yin (2002) argues that, in general, 6 to 10 cases provide evidence about supporting or rejecting 
hypotheses, while Eisenhardt (1989) recommends 4 to 10. Accordingly, our selection falls within these 
recommendations. To further enhance internal data validity and reliability (Yin, 2002), we additionally collected 
secondary data, such as company reports and information about sustainable strategies from corporate websites. 
The data of each case study was analyzed individually by company and in cross-case analysis. 

RESULTS

In table 1 key results of all six case studies are presented:

TABLE 1
SUMMARY OF CASES

Key figures 
(worldwide)

Integration of 
sustainability/EM

Influencing Factors
Profitability Regulations Customers

A Transport and 
logistics service 
provider (road, 
air, sea, 
specialized 
logistics 
solutions)
Globally 
operating
90.000 
employees
Worldwide 

Board strongly 
supports 
sustainability 
Incorporated 
into CI 
Sustainability 
has been part of 
corporate 
culture since 
1990s 
pioneers of EM 
in transport & 

Central decision 
criteria
Long-term 
perspective
Exceptions for  
cost intensive 
EM projects 
regular 
amortisation time 
can be expanded

Regarded as 
essential
Basis for 
motivation and 
acceleration of 
innovative 
corporate 
measures 

Important 
influence
Increasing 
environment 
related requests
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turnover 2010: 
€18.9 bn.

logistics sector

B Freight 
forwarding 
company 
specialised in 
road, rail, air, 
sea transport 
and logistics 
services (family 
owned)
Globally 
operating
5,000 
employees
Turnover 2010: 
€1 bn 

Board has 
taken 
responsibility 
since 2003
Incorporated 
into CI since 
2007
Sustainability 
as one “pillar” 
of the corporate 
culture

Exclusive 
decision criteria 
EM projects must 
be expected to be 
profitable in the 
long run
Exceptions for 
central EM 
projects that at 
least promise not 
to bring negative 
economic results

Commonly 
accepted
Regarded as 
essential for 
overall environ. 
protection in the 
sector
Will be tightened 

Initiation of 
environmental 
protection
Increases 
customer inquiry; 
however, no 
willingness for 
payment of 
additional value
Strong 
stakeholder 
impact in general

C Logistic service 
provider 
(formally state 
owned)
Focus on 
Austria plus 
Central-and 
South-Eastern 
Europe
10,300 
employees
Turnover 2011: 
€2.5 bn

Of minor 
concern due to 
difficult 
economic 
situation
Listed in 
mission 
statement
Ambitions 
towards 
sustainable 
employee 
behaviour

Central decision 
criteria
No exceptions 
for  non-
profitable 
projects

Regarded as very 
important  
Suitable for 
improving the 
overall 
environmental 
situation

In recent past, 
only little 
customer 
requests were 
monitored
Increasing 
inquiries lately

D Specialised in 
sea and air 
freight, trucking 
and 
warehousing, 
integrated 
logistics 
solutions 
(family owned)
Globally 
operating
63,000 
employees
Turnover 2010: 
€16bn

Board takes 
responsibility
Partly 
integrated into 
mission 
statement since 
2008

Exclusively 
decisive decision 
criteria
Positive 
reputation also a 
decisive factor

Regarded as 
important
Not hindering
Suitable for 
improving the 
overall 
environmental 
situation in the 
transport

Important
Solutions/product 
offers are aligned 
with customer 
requests

E Freight forward 
company 
(family-owned)
Focus on 
Western Europe 
and CEE
500 employees
Turnover 2010: 
€174bn

Board is 
driving force
Integrated into 
CI rather lately 
(first 
sustainability 
report in 2011)
Ambitious 
sustainability 
strategy
Holistic 

A major role 
Long-term 
perspective
Only profitable 
measures are 
implemented

Regarded as a 
decisive and 
necessary factor

Driving force
Integration into 
the creation of 
innovative 
sustainable 
solution
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concept 
Strong 
integration of 
employees

F Specialised in 
transportation 
and integrated 
logistics(family 
owned)
Globally 
operating
2,300 
employees
Turnover 2010: 
€500m

Board supports 
sustainability 
approaches
Foundation of 
“Environmental 
association” in 
2007, ISO 
14001
certification in 
2008/09 
Listed in 
mission 
statement, 
integration of 
employees 
(first 
sustainability 
report in 2010)

Central decision 
criteria
No definition of 
specific 
environmental 
goals, however, 
environmental 
aspects are 
considered in 
every investment

Regarded as
important and 
essential for 
overall 
improvement of 
the transport and 
logistics sector

Decisive role
Customer service 
and customer 
compound are 
regarded as core 
processes
Support of 
customers in 
individual 
emissions 
calculation

Cross-Case Analysis

In order to compare single cases with each other we conducted a cross case analysis. To do this, we 
selected two groups of cases and listed the similarities and differences of each group. The groups were then 
evaluated in terms of their environmental behaviour and attitude. 

Group 1: “environmentally progressive” companies comprising companies A, B
Group 2: “environmentally backward” companies comprising companies C, D, E, F

The companies were assigned to the group of “environmentally progressive” and “environmentally 
backward” companies according their overall environmental performance from the single case analysis. 
Company A and B clearly belong to the group of environmentally-friendly transport and logistics companies. 
They have had a holistic environmental orientation since many years. They have integrated a broad range of 
environmentally friendly measures covering several corporate fields. By comparing company size and turnover 
of both companies, it becomes clear that an environmental orientation is not necessarily correlated with size. 
Although company B is considerably smaller (regarding employee number and turnover), its environmental 
performance appears to be progressive. Both companies started to respond to customer demand early and regard 
environmental protection as an important way of being competitive in the long run. As a result, sustainability has 
become a key component of their corporate identity.

The second group comprises those companies which appear to lag behind in terms of environmental 
protection activity. However, they can again be subdivided into environmentally “stagnated” and “ambitious” 
companies. Company C and D are stagnating somewhat as – considering their size (employee number and 
turnover) – environmental activity appears to be poor (e.g. number of measures or projects, unsatisfactory 
quality of sustainability reports). Furthermore, a long-term ambition to move towards increased protection of the 
environment is absent. 

On the other hand, we could identify Companies E and F as very ambitious concerning their 
environmental behaviour. Although being – compared to the other companies analysed – relatively small (in 
terms of employees and turnover), they recently initiated their first steps towards a holistically orientated 
environmental management. This is strongly supported by their management boards and is closely related to 
customer and partner requests. Due to their limited resources they are not able to realise a broad range and large 
number of projects at once; however, they have introduced a strategic orientation that is based on a long-term 
perspective. Both recently published their first sustainability report.
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DISCUSSION AND CONCLUSION

Findings from the multiple case study approach show that, in general, the awareness for the importance 
of sustainability is strong. Analyzing the weight of various influencing factors on the implementation of 
environmental measures of single companies, we have to state that the economic factor is by far most important. 
Moreover, they regard regulations as very important for the development of a sustainable future. 

However, some companies of the transport and logistics sector appear to lag behind. According to our 
findings, this refers to two main reasons: First, the position of the company in the supply chain influences the 
environmental behaviour. Companies with a direct contact to end-users face strong requests since many years. 
Consequently, they started to evaluate, implement and communicate sustainable behaviour a long time ago. 
However, transport companies seldom face this direct end-user contact. Secondly, the general structure of the 
transport sector (not only in Austria) does not provide a framework that supports being exceedingly 
environmentally sustainable. The sector is dominated by small and middle-sized firms (Eurostat, 2011) that often 
lack resources (financial capital, know-how, time, etc.) to address sustainability challenges. In addition, the 
sector is characterized by immense pricing pressure and small margins (Kummer et al 2011) resulting in an 
increasing number of bankruptcies (KSV 1870, 2009) and a financial inability to invest in fields that do not 
reflect the transport companies’ core business.

Nevertheless, a bunch of transport companies realised the importance of sustainable behaviour in the 
long run and adapted their business strategy and communication. One reason for this improved environmental 
behaviour is the realisation of the importance of being energy efficient in long run and being able to strengthen 
their competitiveness by adding extra value to products. Another approach to explain this development 
concentrates on the development of strategic supply chain management of powerful enterprises. Operating in a 
competitive environment and being exposed to social pressure, most companies in various sectors have become 
very sensitive towards any kind of inadequacy in their supply chain that might endanger negative association 
with their brand. As a result they started to use their pre-eminence and influence both upstream suppliers and 
downstream partners to improve their sustainable performance and prevent the whole supply chain of being 
accused of irresponsibility. Consequently, supplier management grew in importance and sustainable aspects are 
increasingly present in tender offers. This development significantly affected the sustainable performance of 
transport companies that play an important role in supply chains as they act as ‘ties’ between various players. 
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ABSTRACT

Agriculture is a significant sector of most of the economy of world. Rice, corn and longan as an example of this 
study are used as the product that can be sold in an Agricultural Products’ Distribution Center with high demand because 
people consume them on a daily basis. Rice, corn and longan are an agriculture product important to Thailand’s 
economy. They are mainly export to other countries all around the world. To improve distribution channel in the 
Agricultural Products’ Distribution Center, infrastructure and facility may need to be used for supporting a distribution of 
raw materials to the factory, and finished products to the customer. For Thailand, it has played an important role and is 
aimed at becoming the logistics hub in the Greater Mekong Sub-region (GMS). In order to accomplish this main 
objective, logistics is being employed as a strategic plan to gain a competitive business advantage. The concept of 
logistics will put Thailand in the position of becoming an Agricultural Products’ Distribution Center in the GMS. Setting 
a strategic plan of the North-South and East-West Corridor would be more supportive for Thailand to gain a better 
competitive advantage. Considering the North-South corridor, Chiangrai province is located near the countries such as 
China, Myanmar, or Laos among the GMS border. Chiangrai is one of the Northern provinces that have sufficient 
infrastructure and transportation network, covering road, rail, air, and water transportation modes. The main objectives of 
this study are to: 1) study a pattern of collection, distribution, area, and volume of agricultural products in the area of 
Chiangrai and 2) analyze conditions for an appropriate location of the Agricultural Products’ Distribution Center. In 
summary, a location of Chiang Khong District was the best alternative for becoming the Agricultural Products’ 
Distribution Center. This selected Chiang Khong District location (according to technique, physical, economy, and 
social) was better than location of Chiang Saen and Mae Sai District, respectively.

 

KEYWORDS
Agricultural Products’ Distribution Center, Logistic Hub, Hub and Spokes, Greater Mekong Sub-Region

INTRODUCTION

Agriculture is a significant sector of most of the economy of world. Agriculture derives its importance from the 
fact that it provides any a country self reliance in terms of food for their people, providing huge direct and indirect 
employment and more over huge revenue by export of surplus food grain. Agriculture is backbone of the economy and 
infrastructure for many countries. Due to technical advancement, improved irrigation system and several other reasons 
production in agriculture has increased several folds. To meet this increased production and business in agriculture sector 
an equally reliable supply chain support is imperative. Agricultural products such as rice, corn and longan are the product 
that can be sold in an Agricultural Products’ Distribution Center with high demand because people consume them on a 
daily basis. These products are easily decayed and perishable, so they should be immediately distributed to a consumer.
In order to distributing to the end customer, location network or marketing is necessary. Rice, corn and longan are an 
agriculture product important to Thailand’s economy. They are mainly export to other countries all around the world. For 
Thailand, it has played an important role and is aimed at becoming the logistics hub in the Greater Mekong Sub-region
(GMS). In order to accomplish this main objective, logistics is being employed as a strategic plan to gain a competitive 
business advantage. The concept of logistics will put Thailand in the position of becoming an Agricultural Products’ 
Distribution Center in the GMS. Setting a strategic plan of the North-South and East-West Corridor would be more 
supportive for Thailand to gain a better competitive advantage. Considering the North-South corridor, Chiangrai province 
is located near the countries such as China, Myanmar, or Laos among the GMS border. Chiangrai is one of the Northern 
provinces that have sufficient infrastructure and transportation network, covering road, rail, air, and water transportation 
modes. Nevertheless, to improve distribution channel in the Agricultural Products’ Distribution Center, infrastructure and 
facility may need to be used for supporting a distribution of raw materials to the factory, and finished products to the 
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customer. Using the distribution channel may allow Thai farmers to sell and distribute their agricultural products to fulfil 
a customer demand.

Therefore, this research study is aimed at investigating a system of the Agricultural Products’ Distribution 
Center in the upper-northern part of Thailand that has physical conditions appropriate for growing fruit and vegetables. 
At the present time, growing rice, longan, and corn have been selected to fulfil export purposes. This Agricultural
Products’ Distribution Center is thought to be capable of balancing supply and demand with collecting and distributing 
the products. The main objectives of this study are to: 1) study a pattern of collection, distribution, area, and volume of 
agricultural products in the area of Chiangrai and 2) analyze conditions for an appropriate location of the Agricultural 
Products’ Distribution Center.

LITERATURE REVIEW

Theory and Definition

Location Theory

The location theory explains how to select the location that is contributed to the Thai economy. Such location 
theory is classified into 2 main groups: least cost location theory and profit maximization theory.

1. Least cost location theory

Alfred Weber formulated a least cost theory of industrial location which tries to explain and predict the location 
pattern of the industry at a macro-scale. It emphasizes that firms seek a site of minimum transport and labor cost. The 
point for locating an industry that minimizes costs of transportation and labor requires analysis of three factors: Material 
Index, Labor, Agglomeration and Deglomeration.

2. Profit maximization
-Factor rating method is a technique that can be applied to a wide range of decisions ranging from personal to 

professional. It is a general approach useful for evaluating a given alternative and comparing alternatives, and enables 
decision makers to incorporate their personal opinions and quantitative information in the decision process.

-Break even analysis method is a useful tool to study the relationship between fixed costs, variable costs and 
returns. A break-even point defines when an investment will generate a positive return and can be determined graphically 
or with simple mathematics. Break-even analysis computes the volume of production at a given price necessary to cover 
all costs.

-Center of gravity method is a method to determine the location of a distribution center that will minimize 
distribution costs. The method includes the use of a map that shows the locations of destinations.

-Transportation model finds amount to be shipped from several sources to several destinations. It is used 
primarily for industrial locations.

Distribution/Distribution Systems

Physical distribution is “the collective term for the range of activities involved in the movement of goods from 
points of production to final points of sale and consumption. It must insure that the mobility requirements of supply 
chains are entirely met.” Physical distribution includes all the functions of movement and handling of goods, particularly 
transportation services (trucking, freight rail, air freight, inland waterways, marine shipping, and pipelines), 
transshipment and warehousing services (e.g. consignment, storage, inventory management), trade, wholesale and, in 
principle, retail. Conventionally, all these activities are assumed to be derived from materials management demands.

Distribution Systems are embedded in a changing macro- and microeconomic framework, which can be roughly 
characterized by the terms of flexibilization and globalization: 

1) Flexibilization implies a highly differentiated, strongly market and customer driven mode of creating added-
value. Contemporary production and distribution is no longer subject to single-firm activity, but increasingly 
practiced in networks of suppliers and subcontractors. The supply chain bundles together all this by information, 
communication, cooperation, and, last but not least, by physical distribution. 
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2) Globalization means that the spatial frame for the entire economy has been expanded, implying the spatial 
expansion of the economy, more complex global economic integration, and an intricate network of global flows 
and hubs. 

The flow-oriented mode affects almost every single activity within the entire process of value creation. The core 
component of materials management is the supply chain, the time- and space-related arrangement of the whole goods 
flow between supply, manufacturing, distribution and consumption. Its major parts are the supplier, the producer, the 
distributor (e.g. a wholesaler, a freight forwarder, a carrier), the retailer, the end consumer, all of whom represent 
particular interests.

Literature Survey

Lee and Oum (2001) proposed the strategies for making Korea a Northeast Asian Logistics/Distribution Hub 
country. After summarizing the recent trends of multinational firms’ logistics and distribution practices and the 
conditions of successful logistics hubs, we identified the potential advantages of Korea over Japan and China, and 
examined the success cases of the Netherlands and Singapore. This allowed us to make a number of suggestions to help 
make Korea attractive to foreign multinationals as the place to locate their northeast Asian regional distribution centers.

Chin and Tongzon (2001) studied transportation Infrastructure Management for Attracting Global and Regional 
Distribution Centers in Singapore. The success of Singapore as a major transshipment hub must due to the presence of a 
world class transportation system with world class players such as SIA and PSA capitalizing on Singapore’s comparative 
advantage in location, which began with the development of the port followed by air and land. The land, sea and air 
sectors have taken an independent approach to development and investment in the past. Multi-modalism in the cargo 
industry demands instant acquisition, processing and analysis of data; thereby logistics is that vital link to enhancing 
production, distribution and consumption.

Laptaned and Rattanawong (2005) investigated an evaluation of distribution center location for Phitsanulok 
province that may become the future of a Logistics Center in Indo-China. From an initiative of the Asian Development 
Bank (ADB) to determine a regional plan of developing North-South economics corridor and East-West economics 
corridor in Indo-China region. Such development addresses a multi-sectoral perspective, spatial development options, 
and practical infrastructure, human resource, policy, regulatory and institutional barriers to trade, investment, and the 
movement of goods and people. Considering an intersection of both corridors, Phitsanulok province is located right on 
the section and has become a logistics center of Indo-China intersection. Phitsanulok is one of the Northern provinces 
that has sufficient infrastructure and transportation network, covering road, rail, air, water, and pipe transportation 
modes.  It is therefore appropriate for Phitsanulok to be a distribution center of Indo-China intersection that may serve 
trade/commodity flow among Greater Mekong Sub-region countries. This study is aimed at 1) locating the appropriate 
location of a distribution center, 2) studying behavior of commodity flow, and 3) promoting and increasing awareness of 
business competitive advantage to farmers, agricultural sector, and private sector. Moreover, one-stop border facilities, 
sharing social and physical infrastructure, cross-border production networks, etc) to increase investment returns using 
existing transport modes (roads, water, air, and rail) are also reviewed.

 Sene, et al., (2006) proposed the inter model routings solution of Thailand-China shipments under FTA using 
fuzzy AHP. This paper deals with a method to solve transport problems. There are many routings possibilities between 
Thailand and China where the countries are under Free Trade Agreement. For example, the goods can transit through 
Laos, through Myanmar or on the Mekong River by ship. All possibilities are available but we need to choose the best 
one according to fuzzy criteria. This study will use the method to find the best routing. Fuzzy AHP uses linguistic 
variables to assess the ratings and the weights for quantitative or qualitative factors such as cost, time, risk and other 
performances. These linguistic ratings can be expressed in trapezoidal or triangular fuzzy numbers. A MCDM model is 
then proposed to deal with the selective problem. To determine the ranking order or each possible solution, a closeness 
coefficient is defined by calculating the distances to the both fuzzy positive ideal solution (FPIS) and fuzzy negative ideal
solution (FNIS) simultaneously.

Thiengburanathum, et al. (2006) stated that the Kunming-Bangkok expressway is expected to be an important 
infrastructure in the GMS region. The logistics infrastructure functions as a land bridge between China and Asian 
countries, particularly in Thailand. Once the project if fully functional, significant impacts can be anticipated, such as 
shifts of transportation mode, short and long term of economics and cultural changes. A schematic model is presented in 
this paper as a schematic decision making tools for evaluating transportation mode and route selection. This model is 
grounded on Stochastic and Analytical Heretical Process (AHP) techniques. The dimensions of cost, time, and reliability 
of service are integrated as key performance indices of the logistics system. Each business type has different kinds of 
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requirements. The results show that this expressway will be a major logistics channel between Thailand and the Southern 
part of China.

Bremer Institut für Produktion und Logistik GmbH (2007) conducted research on the projects in the Enterprise 
Logistics Cluster that aim to develop and demonstrate advanced IT solutions for the design, management and control of 
enterprise logistics chains. It took into consideration both intra- and inter-enterprise logistics chains. The Enterprise 
Logistics Cluster relates to the domain 8 R&D areas of the ESPRIT Work Programme such as Management Tools for the 
Virtual Enterprise and Intelligent Production Systems and Equipment. The activities of the Working Group may be 
summarized in enhancing logistic RTD results of the Enterprise logistics cluster, to provide a dissemination and 
exploitation framework for those logistics RTD-projects and topics as a knowledge pool for European industry. To 
increase logistic perception and implementation, logistic minded bodies for systems uptake are identified and 
collaborations are carried out.

The Singapore Economic Development Board (2007) stated that a robust Logistics & Transport cluster will 
strengthen Singapore’s capabilities as a compelling hub in Asia for business and investment. It was aimed at developing 
Singapore into an integrated and connected Logistics & Transport hub that enables the effective flow of goods, 
information, finances and people. Singapore continued to broaden and deepen the scope of activities of the cluster for 
growth in areas such as aviation services, oil and gas exploration and production, distributed power, automotive 
electronics, and SCM. Through strengthening manpower capabilities and infrastructure, it was also aimed at developing 
Singapore into a choice location for the entire value chain of Logistics & Transport activities including R&D, 
testbedding, manufacturing, after-market services and HQ centers.

Banomyong (2009) conducted research on the Asian and China logistics that was used to support private sectors
who supervise and identify a framework of the Asian cooperation regulations. This research also investigated a 
framework of transportation model and a cooperation of economics in the GMS such as cross-border transportation 
agreement. Such agreement has become one of the critical problems in a way that it could solve the problem of 
international trucks crossing other countries. In order to achieving a single standard, the cross-border transport needs to 
be more effective and less time spending, especially for agricultural products.

The above literatures related to the Agricultural Products’ Distribution Center are used as a reference to indicate 
the potentiality of successful logistics hubs in which Thailand is finally aimed at becoming the logistics hubs in Indo-
China. Therefore, the logistics center presented in the literature survey located in Korea and Singapore, or the logistics 
cluster located in Germany and Singapore may be exemplary for Chiangrai becoming the Agricultural Products’ 
Distribution Center of Indo-China region.

AGRICULTURAL PRODUCTS’ DISTRIBUTION CENTER FOR CHIANGRAI

Supply Chain of Agricultural Products

Non Perishable Products

Most all the cereals like Wheat, Rice, Maize etc. and some vegetables like Potato and Onion are highly inelastic 
in demand, more over they are not highly perishables so the supply chain for such products should focus more on 
efficiency and cost effectiveness than responsiveness. These products have vital supply and demand links with the 
market. Cereals needs some kind of processing and polishing after they are harvested from field and from here onwards 
supply chain comes into play. The food grain is then packed in jute bags and then stored in cold storages till they get 
order from market.

These type of agricultural products are highly in elastic in demand and the demand more or less remains 
constant so their demand can easily be forecasted and hence while designing supply chain for such products efficiency 
should be more preferred.

Perishable Products

Fruits, green vegetables and flower come under perishable items and they need all together a more responsive, 
fast and accountable supply chain as a means of propagation from farms to the market. These products are elastic and 
erratic in demand hence their demand forecasting is also difficult. They need more costly type cold storage and 
refrigeration, special transportation mechanism and on time delivery, all these requirements make this supply chain very 
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costly, but at the same time the price of these products are consummately adjusted to ensure higher margin and profit. 
While designing supply chain for such items main focus should be given on the responsiveness.

A dispersion of agricultural land use is found in the upper northern part and lower northern part of Thailand. 
Rice, longan and corn are distributed from farm to a consumer through the wholesalers located in Chiangrai. Chiangrai is 
thought to be a central location where collects and distributes those agricultural products to other nearby provinces. In the 
north of Thailand, one of the best places to plant longan is Lamphun province. However, rice and corn can be found in 
the Northeast region. The major crops in the Northeast region are rice, cassava, corn, kenaf, and sugar cane and the other 
oil crops. Rice is grown in the lowlands and up to the middle of the terrace occupying about two-thirds of the cultivated 
land. However, it is grown primarily for home consumption. Corn is the most important field crops occupying the major 
portion of upland areas, and is localized in fertile soils.

These products will flow into a local market or other markets in other provinces that pass Phichit, Phitsanulok,
or Nakornsawan provinces. It will then be delivered to Chiangmai and Chiangrai province where a central market in the 
upper northern part of Thailand is. Other products will be delivered to Bangkok and continued to other nearby provinces. 
Such commodity flows will generate a connectivity of economy among provinces due to ongoing activities such as
collection, transportation, segregation, trading, etc. These activities are thought to add more value according to what 
extent of product volume, type, or time to market that flow to the other wholesalers, local wholesalers, other retailers, 
local retailer, wholesaler and retailer located in Bangkok illustrated in Figure 1.

FIGURE 1
SUPPLY CHAIN OF AGRICULTURAL PRODUCTS (RICE, LONGAN, AND CORN)

Commodity Flow of Agricultural Products

Figure 2 and Figure 3 illustrates the commodity flow of Rice/Longan and Corn that happens to the other 
wholesalers, local wholesalers, other retailers, local retailer, wholesaler and retailer in Bangkok or overseas market.
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FIGURE 2
COMMODITY FLOW OF RICE AND LONGAN

FIGURE 3
COMMODITY FLOW OF CORN
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METHODOLOGY

Collected data was classified into 2 categories: primary and secondary data. The primary data includes behavior 
of community flow such as population (i.e., third party logistics service provider – 3PLs), area of data collection, and 
sampling group, number of sampling, and method of data collection (i.e., sampling, interview). The primary data also 
includes current market price of land for the Agricultural Products’ Distribution Center development. It was collected 
through the interview with those located in Chiangrai such as suppliers, companies, freight forwarders, local people, 
brokers, or land bureau.  The secondary data was collected, in forms of, business type, product or service given, raw 
materials' source, production distribution, mode of transportation, or distribution center's need.

RESULTS ANALYSIS

This study conducted a survey and evaluated a three potential location that was found to be appropriate for 
developing the Chiangrai's Agricultural Product’s Distribution Center show below:

(1) Location Chiang Khong District 
(2) Location Chiang Saen District
(3) Location Mae Sai District

FIGURE 4 
APPROPRIATE LOCATION FOR AGRICULRAL PRODUCTS’ DISTRIBUTION CENTER DEVELOPMENT

Criteria of evaluating the Agricultural Product’s Distribution Center may include technique, physical, economy, 
and social factors. Such factors were weighted by the use of average weight scores of each location. The scores of each 
location was then summed up and used for a final evaluation. All locations illustrated in Table 1 are shown as follows:
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TABLE 1
CRITERIA OF WEIGHT AND SCORE IN EACH LOCATION

Factors Weight Chiang Khong Chiang Saen Mae Sai

1. Technique 15%

1.1 Laws 
constraint 3% 4 (6) 4 (6) 6 (4)

1.2 Layout 
constraint 4% 2 (8) 4 (6) 4 (6)

1.3 
Environment 
constraint

8% 2 (8) 4 (6) 4 (6)

2. Physical 40%

2.1 Area of land 5% 10 8 6

2.2 Shape of 
land 4% 10 8 6

2.3 Condition of 
land before 
development

5% 10 6 6

2.4 Facility and 
utility

8% 4 8 10

2.5 Road access 10% 4 8 10

2.6 Water 
access 3% 6 8 8

2.7 Rail access 3% 2 2 2

2.8 Air access 2% 2 2 2

3. Economy 30%

3.1 Price of land 10% 6 (4) 8 (2) 8 (2)

3.2 Cost of 
building 10% 8 8 8

3.3 Land 
acquirement 5% 10 8 6

3.4 Business 
opportunity 5% 8 10 10

4. Social 15%

4.1 Land 
expropriation  3% 2 (8) 6 (4) 8 (2)

4.2 
Employment 
opportunity 
after DC 
development

4% 8 8 10

4.3 Business 
opportunity 
after DC 
development

4% 8 8 10

4.4 Community 
satisfaction 1% 10 8 6
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4.5 Community 
participation 1% 10 8 8

4.6 Life style 
and cultural 
improvement 
after DC 
development

2% 8 6 6

Total (100%) 100% 6.646.88 6.74

(1) (2) (3)

CONCLUSION AND RECOMMENDATION

In conclusion, it could be assumed that the Agricultural Product’s Distribution Center could support a farmer 
selling rice, longan, and corn with a better price due to this distribution center could save transportation cost in both 
inbound and outbound activities. Using a distribution method through an intermediary can reduce any incurred risks 
according to deterioration or variable price. This method of distribution could assist of how to move the products from 
the suppliers to the consumer. Having efficient road transportation in the northern part leads to the better commodity 
flow of rice, longan, and corn between each province; resulting in an efficient distribution. Chiangrai was found to be the 
first barricade to enter to the northern part of Thailand from neighbour countries such as China, Myanmar, or Laos. It is
therefore reasonable for Chiangrai to develop the Agricultural Product’s Distribution Center. This center will be
responsible for distributing rice, longan, and corn (or other agricultural products) in the northern part of Thailand, or any 
other areas especially in Bangkok.  

According to the appropriate area for developing the Agricultural Product’s Distribution Center, it was 
summarized that a location of Chiang Khong District was the best alternative for becoming the Agricultural Product’s 
Distribution Center. This selected Chiang Khong location (according to technique, physical, economy, and social) was 
better than the location of Chiang Saen and Mae Sai, respectively. In the area of the Chiang Khong District, the 
construction of a new Thai-Lao bridge will be initiated and aimed at boosting trade and tourism among Thailand, Laos 
and China. The new bridge that links Thailand’s northern province of Chiang Rai with Laos’ Huayxai province is 
expected to open in 2011. The bridge will serve to link northern Thailand with Kunming, the capital of China’s Yunnan 
province, passing through Laos.

Furthermore, under the action plan for border area development in Chiang Rai province and in response to 
opportunities created by R3B highway construction and the third Thailand-Laos bridge across the Mekong River (from 
Chiang Khong to Huay Xai), I-EA-T was assigned to conduct a feasibility study on the establishment of an industrial 
estate at Chiang Khong district in Chiang Rai province. The main objectives of the construction is: 1) to determine proper 
roles and activities of the industrial estate at Chiang Khong district in Chiang Rai province, together with the appropriate 
land size that would contribute to the development of the Chiang Rai Border Economic Zone; 2) to study establishment 
patterns of industrial estates and/or truck terminals as well as distribution centers in terms of technical and investment 
issues, so that the new industrial estate could serve as a production base and logistics center; 3) to study the 
environmental impact via the Initial Environment Examination (IEE); 4) to study the ‘Livable Industrial Settlement’ 
concept of the site plan based on I-EA-T's vision of being a pre-eminent organization dedicated to developing industrial 
settlements that reflect balance and sustainability in terms of economics, society, the environment and quality of life, so 
as to achieve competitive advantages in the global arena; and 5) to make strategic suggestions, as well as programs and 
projects in various areas regarding the import of international products, privileges, land-use planning, infrastructure and 
utilities development that would support the development of industrial estates and/or truck terminals as well as 
distribution center.

Therefore, establishing the Agricultural Product’s Distribution Center at Chiang Khong would aim at becoming
a logistics hub to support Thailand as Indochina’s business and trade center among the GMS. This would increase cost 
efficiency and customers’ responsiveness of businesses and also reliability and security of their logistics process, as well 
as create economic value from logistics and other supporting industries.
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ABSTRACT

“The Distribution process of lychee in Amphur Amphawa of Samut Songkhram Province” has the purpose to 
study the suitable distribution pattern for the lychee in Amphawa District at Samut Songkhram Province. The  
agriculturists who grow the lychee in Amphur Amphawa such as Tambol Suan Luang, Tambol Bang Chang, Tambol 
Nang Lee, Tambol Bang Kae, Tambol Muang Mai, Tambol Wat Pra Du, Tambol Khaew Om, and Tambol Amphawa at 
Samut Songkhram Province were the samples for this study by using simple random sampling method that was selected 
from the random number table. After that the researcher calculated the sample size by using Taro Yamane’s formula that 
got 95 samples and used the questionnaire to collect the data. The statistic methods that were used to analyze the data 
were weighted average, percentage and standard deviation.

KEYWORDS
Distribution, Samut Songkram, Lychee

INTRODUCTION

According to Faculty of Management Science and Innovation Management College developed the research 
project to develop the competency market in community for sufficient and sustainable by specify the area target in 
Ampur Amphawa to develop the potential of businessperson in Samut Songkharm about management and marketing in 
order to meet customer’s demand. In this area had many tourists coming as the result Ampur Amphawa was the 
conservative community and still the traditional life style additional adhered to Buddhism, culture, attraction area. Doing 
tourism business in attraction area was created many career and spread income in to community more also this related the 
policy and strategy of government which were encouraged and developed the creating social community and local strong, 
developed Thai’s wisdom to universal, and monitor and care about the health of people and community included tourism 
campaign tourism to certify demand of business and industry of country.

Vision of Samut Songkharm province was “It is the city of food and pesticide residue free of fruit, central of 
relax, conservative tourism on cannel of nation, land of people love birth place, preserving environment and beautiful 
culture” The land in Samut Songkharm was connected other provinces as East reached Mea Klong bay (Thai bay), South 
reached Phetchaburi province, West reached Ratchaburi provice and North reached Ratchaburi and Samut Sakorn 
province. It had population at 206,452, income average of 57,817 Baht also it was province had more potential in many 
kind of key agricultural products included fishery and conservative tourism. Beside, the most people run agriculture and 
fishery in term of industry the most was small like fish sauce, food, fish processing and agricultural production 
processing industry.

Advantages of Samut Songkharm were richness place several seafood by doing fishery in the sea and culturing, 
selling fresh food and seafood processing. The fishery was the career which was created the highest income of province 
another part was from agriculture particular fruit planting this was the second income of this province for example the 
key of fruit in this province as lychee, pomelo, mago, coconut and palmyra especially lychee, the unique product, was 
famous and created reputation and worthiness of local people in Samut Songkharm for example the test of lychee as 
luscious, crispy, delicious so who had test must be fascinated to tell something that “It is the lead lychee in Samut 
SongKharm”.

Lychee in Samut Songkharm was growth by a few cold weathers and there were many kind of lychee such as 
Bantan, Kalok, Sumpaokeaw, and Sumpaotong. Lychee was ripened in April. The land of Samut Songkharm was called 
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Sam Nam as salt, brackish and freshwater; moreover, it had three district were two area had lychee plants reached to 
8,600 rais, getting production around 4,000 tons a year. The soil in Samut Songkkhareto was been worthiness as the 
result it was made good test of lychee particular Bantan when it was become rip. The characteristic of lychee was strong 
red color, crust, blister quite shapely, inside shell was pink color, goo smell, sift dry seed, meat of fruit to be white or soft 
white when it was been split wide the body look like heart, rich flavor, sweet and a bit sour, good mellow enough also it 
was the queen of Thai fruit.

Growing lychee was required experience of professional grower enough starting from selection the cutting, 
pitting, and taking care till we got the production taken time during 4-5 years then we got them once a year therefore 
grower had to monitor as to manure, disinfesting and monitoring until lychee was become fully ripen in fact that it was 
mixed red and pink color then we could get the productions which were distributed through customer.

In short this study the researcher saw that the important product distribution. The lychee of Ampur Ampawa in 
Samut Songkharm was been help grower able to find opportunity to create competitive advantage and to know the real 
cost in making decision, to select about distribution channel correctly by improve or adjust the working process to be 
efficient more. The main objective of this study is to investigate the product distribution model which is suitable with 
lychee at Ampur Ampawa in Samut Songkarn.

SCOPE OF RESEARCH

Studying distribution lychee of Ampure Anpawa in Samut Songkharm province focus on studying about 
distribution activity this was continue process of finished product then they were delivered to middleperson and facilitate 
the market representative to customer so the achievement of transportation product must be passed all activities 
effectively. 

RESEARCH METHOD

This research the researcher specified the population and sampling group in this study as follow;

1. Population in this study was grower who grow lychee in Ampur Ampawa area which were eight Tambol such 
as Tambol Suan Luang, Tambol Bang Chang, Tambol Bang Nang Lee, Tambol Bang Kea, Tambol Muang Mai, Tambol 
Wat Pra Du, Tambol Khaew Om and Tampol Amphawa in Samut Songkharm province studied during 2009.

2. Sampling in this research was grower who grow lychee in eight Tambon in Ampur Amphawa Samut 
Songkharm province for 1,178 growers by simple random sampling followed random method from table of random 
numbers after that calculated the size of sampling group by Taro Yamane formula at 90% of creditability level, 10% of 
error, while had sampling group at 95 persons (Sankasem, 2002) indentified the proportion of collection data were

TABLE 1
SHOWING NUMBER OF GROWER WHO GROW LYCHEE AT AMPUR AMPHAWA

Sub-District
Number of lychee grower
(Household) Proportion

1. Suanluang 219 18

2. Bangchang 128 10
3. Bangnalee 45 3
4. Bangkea 82 7
5. Muangmai 281 23
6. Watpradoo 87 7
7. Keawaom 286 23
8. Ampawa 50 4
Total 1,178 95

Source; Lychee information from Amphawa agricultural office Samut Songkharm, 2009
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Research Procedures

Guidance of research procedures had 4 steps:                                                                                 

Step 1. Studying the problem and colleting an analysis data. In this step the researcher collecting data from 
grower and then those data were analyzed to find the real problem.

Step 2. Studying the distribution channel of lychee from the original production to customer to meet their 
demand.

Step 3. Taking the result from step 2 to analyze of lychee distribution pattern in fact and suitable then 
conclusion next.

Step 4. Taking the recommendation conclusion result and applying result which got from community in Ampur 
Amphawa Samut Songkharm province to create competitive advantage and to achieve in lychee production management 
of Ampur Amphawa.

Research Tool

Research tool in this research was questionnaire created by studying and the related research and setting the 
question in questionnaire were

Section 1 was general information of respondents which was the open-end question such as name, address, 
experience, areas average a year, and income a month.

Section 2 was information of distribution channel of lychee grower which were 2 open-end questions such as 
direct-sale by grower or through middleperson.

Section 3 was information of distribution activity had 5 open-end questions i.e. first was Warehouse, second was 
transportation, third was packaging, forth was labor and fifth was production management, they were questionnaire of 
rating scale type which were composited by 5 levels sorted from most, more, middle, small and less followed by Likert’s 
model.

Section 4 was information about problem and barrier of distribution product questions which were open-end 
question.

Data Analysis

Data analysis the researcher took data to analyze by computer and used finished program as statistic which was 
the data analysis as descriptive analysis to find frequency, percentage, average, and standard deviation then presented the 
analysis result in the table and translated result by priority of significant level average interpreting principle of lychee 
distribution activity as follow:

Average at 4.51-5.00 means the most important level
Average at 3.51-4.50 means more important level
Average at 2.51-3.50 means middle important level
Average at 1.51-2.50 means little important level
Average at 1.00-1.50 means less important level

RESEARCH RESULTS

Section 1. Research result of general agriculture information; agricultural sampling group was male and female. 
They had experience of lychee growing for 5-10 years, highest 11-20 years, the most of them had growing areas around 
1-10 rais, production average at 1-3 tons a years and income average of 50,000-100,000 Baht.

Section 2 Research result of lychee distribution that most of the sampling grower, themselves, sold the lychee in 
their own Tambol, almost of all lychee were sold through middleperson who come to buy to source of lychee.
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Section 3 Research result of lychee distribution activity, in the view of many factors were important to lychee 
distribution activity most i.e. transportation, packaging and warehouse respectively.

FIGURE 1
THE DISTRIBUTION PROCESS OF LYCHEE IN AMPHUR AMPHAWA

The Result of the Research

1. The sampling groups were male agriculturists and female agriculturists who had the experience in planting 
the lychee about 5-10 years and 11-20 years respectively. Most agriculturists had the area for cultivation about 1-10 Rai 
that could get the average yields about    1-3 tons per year and the average revenue per year was about 50,000-100,000 
baht.

2. Most of the sampling agriculturists, themselves, sold the lychee in their own district. Besides, they sold their 
lychee by passing the middle men who came to buy the lychee in the district.

3. The overall factors focused on the product distribution activities in the middle level. In addition, it found that 
the most important activities were transportation, packaging, and warehousing, respectively.

4. Regarding to the transportation it was found that the most important product distribution activity focused on
safety, then, pointing transport position, the delivery time, the quality of the trucks,the convenient of the route , and on
time delivery respectively.

5. Regarding the warehousing found that the most important product distribution activities focused on 
withdrawing, storing, delivery, receiving, and moving for storage respectively.
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6. Regarding the packaging found that the most important product distribution activities focused on the product 
public relation, taking care of product, flexible storing time, safety, the speed of storage and delivery, saving time in the
storage and delivery, and the convenient movement in storage and delivery, respectively.

7. Regarding the transportation method, mostly the agriculturists shipped lychee about 1-3 tons, transportation  
time about 1-3 hours, and the expenditure about 500-1,000 baht per trip. In addition, the qualification of the truck drivers 
should be high-school education person, and have an experience in driving trucks less than 1 year and a driver's license 
that most was the personal driver’s license. Type of vehicle that was used to deliver the lychee was four-wheel trucks, 
and the transport distance of lychee was less than 10 kilometers.

8. Regarding the labor, the percentage of the agriculturists who used 1-3 labors was 68.42%. The researcher 
analyzed the labor and found that the most number of regular labors were not the regular labors. However, there were 
only 1-3 persons to be the regular labors. For the temporary labors, there were 1-3 persons.

9. Regarding the production management, most of the agriculturists managed the unquality lychee by discount 
the lychee price, and transformed the lychee, respectively. 

RECOMMENDATIONS

1. To forecast the need of lychee of Amphur Amphawa in each year in order to plan of planting the lychee in 
enough quantities for the consumers’ need. Morever, the agriculturists could distribute their lychee by using the logistics 
system to support in increasing the better agricultural standard.

2. To create the overall standard system of agricultural products and manage in the other parts from the selection 
and packaging plant, GMP and HACCP in order to increase the value added of the products such as lychee in syrup, 
lychee Yogurt, lychee jam, etc.

3. The current problem is a group of spoofing who take the lychee especially the unquality lychee of the other 
areas to sell in Samut Songkhram province. That it destroys the reputation of the genuine lychee of Amphur Amphawa. 

4. To collect the agriculturists who planted the lychee in Amphawa. Besides, the government agencies as an 
intermediary in driving on setting the price or target price and looked after the movement of price including to issue the 
certification of quality and productivity standard of the lychee in Amphur Amphawa in order to ensure the consumers.

5. The campaign of planting the genuine lychee, “lychee sam nam”, of Ampur Amphawa. From the field survey, 
the researcher found that some agriculturists cut off the genuine lychee because there were not the yields to harvest. So, 
the agricultural experts should go to the fields in order to publish the agriculturists to plant the other crops that they could 
harvest the crops and sell them all a year round. In the same time, the agricultural experts should advise the agriculturists
to preserve the genuine lychee of Ampur Amphawa.
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ABSTRACT

Real-time traffic information is a real-time traffic information reporting system for presenting data to travelers 
to be used in making traffic decisions. Reported data differs by the area of the country, mode of travel, characteristics of 
travelers and travel objectives. The objective of research is to study demographic characteristics, travel behavior and 
information that travelers want. The traffic information was designed and offer to travelers. The consumer behaviors 
theory was conducted using in-depth study. According to the findings, most of the sample group comprised private car
owners and used private car for work and recreation trips. Furthermore, some of the samples were found to have cars but 
parked them at home and opted for via public transportation. The traveler’s behaviors have been divided by mode of
travel. Persons traveling with private car have higher average monthly incomes than persons traveling by public 
transportation with slightly shorter distances and less time spent traveling. According to the results from presenting 
traffic information for mixed and matched by travelers, found that the types of information in high demand consisted of 
information about shortcuts to avoid traffic jams, warnings when delays occurred on travel routes, notification of 
incidents occurring throughout the travel route and systems for planning personal travels. Different objectives caused the 
sample group to desire different types of information.

KEYWORDS
Real Time Traffic Information, Traveler Behavior, Information Package

INTRODUCTION

Traffic information systems are systems for reporting data to the public, which is important to travelers. People 
all around the world use communication technology and guide systems to provide information in support of travel 
decisions. Most traffic information provided on the Internet and GPS devices of vehicles comprise systems with maps, 
routes, traffic conditions and weather reports, which comprises real-time information for the most part. Use of traffic 
report systems are gaining popularity daily, thereby causing the business and government sectors of some countries to 
emphasize the development of information systems in response to increasing user demands, whether in terms of 
information reliability or constant updates. Although travelers generally require traffic information, different 
characteristics and behaviors of travelers cause needs for different types of information. For example, travelers who are 
European or American need weather information on the thickness of fog or snow, while travelers who are Asian may 
need information about the amount of rain. In addition, different travel objectives also result in diverse travel information 
needs. The presentation of data to meet information needs will help users fully benefit from information. Studies on
behaviors about requirement implementation of marketing principles or consumer behavior studies to acquire in-depth 
information and use the information obtained. This study was conducted with the objective of studying information about 
the socio-demographic characteristics of travelers, traveler behaviors and information packages required by travelers. 
Furthermore, this study also addresses the details and characteristics of consumers requiring various types of information.

LITERATURE REVIEW

The marketing concept called the “Consumer Behavior Theory” is an expression of each person directly related 
to the use of economic goods and services, including decision-making processes with impacts on expressions. 
Understanding of consumer behavior will help build understanding of factors influencing the decisions of consumers to 
purchase products, thereby enabling the development of markets, goods and services in response to consumer needs. 
Studies on consumer behavior toward information services via online systems originated due to forces caused by current 



54 Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

expansions of internet accessibility, thereby causing many consumers to turn to the online world in search of information 
about products and services in order to compare properties and make use of information. Therefore, business growth in
providing information services or systems for the sale of businesses via the Internet and communications instruments 
have opened opportunities for entrepreneurs to expand customer bases or seek new customers. As markets rapidly 
expand, e-commerce strategies need to be more complex. Online producers and distributors require greater understanding 
of consumer behaviors and needs in order to be able to respond to consumer needs.

Travelers’ decision to select modes of travel may depend on a number of factors, such as the characteristics of 
travel such as distance and travel objectives, which may be divided into commuters or non-commuters (Assd, 2003).
According to past study (Stephane, 2007), the factors concerning the characteristics of travelers refer to the economic and 
social conditions of travelers. Related variables comprise income, vehicle ownership, and type and location of work. The 
factors concerned with transportation systems comprise travel time, expenses, accessibility and convenience. When the
time required for traveling by public transportation increases, people prefer to travel by private vehicles. When traveling 
expenses by public transportation are compared with expenses incurred in traveling by private vehicles, travelers may 
select the less expensive mode of travel (Button, 1993). Traffic conditions are another important factor with impact on
the travel behaviors of most people. The final factor is traffic information, which is a new factor appearing with the
development of vehicle, information and communication technology. Traffic information and guide systems were 
another factor influencing decisions of travelers to travel on or avoid various routes (Chuorus, 2007; Rong-Chang, 2006).

This new factor comes with direct and indirect service fees. However, if the information helps travelers travel 
more conveniently, the expenses should be worth the reduced travel time, especially in large cities with congested traffic. 
Travelers also give importance to traffic conditions by checking traffic information through various media in order to 
select the route with the most flexible traffic and travelers are ready to change routes when the route traveled is
congested. In the past research found that traveler preference for real-time transport information via a call center and 
identification of their preferences in payment for services on monthly basis or a call-by-call base. Furthermore, travelers 
are willing to pay up to $1 (USD) per call and up to $7 (USD) per month (Wolinetz (2001). The findings of this survey 
concurred with other researcher (Eric, 2006). In addition, the factor of information has also been found to have influence 
on travels in concurrence with other researchers (Henk, 1997; David, 2003; Wenjing, 2010; Song, 2012).

METHOD

This study collected data from sample group of travelers in Bangkok (N=200). The instrumentation comprised
questionnaires comprising the demographic data of respondents, travel behaviors and the desired type of information. 
This study emphasized consumer needs for various types of traffic information. Therefore, the questionnaires were 
designed in steps so the respondents would think according to the following steps: The first step set the type of traffic 
information for the service area and asked respondents whether or not they were interested in this basic information 
service. The proposed basic information consisted of proposed routes from the point of departure to the destination by the 
shortest and least time-consuming route. Furthermore, two additional routes were also proposed as alternative routes. The 
information will be updated every five minutes with the starting expense of five baht per use. The aforementioned 
information can be summarized in the Figure 1.

FIGURE 1
THE BASIC INFORMATION SERVICE

At the next step, the researcher presented additional types of traffic information comprising six types of 
information, such as information on shortcuts to avoid congested routes, reminders about delays on travel routes,
notification of events throughout the travel routes, systems for planning personal trips, travel forecasts, information on
parking facilities and empty spaces. The aforementioned information can be summarized according to the Figure 2.
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FIGURE 2
THE ADDITIONAL TYPES OF TRAFFIC INFORMATION

Once the type of promotional information had been determined, the researcher had the respondents to make 
“Mixed and Matched” selections by setting the conditions of allowing respondents to select no more than three types for
each travel objective according to the needs of respondents. The selection of each type of information had the additional 
condition that respondents were required to pay additional service fees at three baht per type. After obtaining data from 
the questionnaires, the data was entered in a computer program package to analyze the findings and summarize the
survey results. The instrument used in this analysis consisted of percentage for displaying the ratios and percentage of 
questionnaire respondents. After learning about the demands for types of information, specific customer characteristics of 
the most frequently selected packages were studied. This is known as a “target customer group study” according to 
marketing concepts. 

RESULTS

According to Figure 3 showing the sample group according to vehicle ownership characteristics and travel 
objectives, most of the sample group (62%) was found to comprise private car and most preferred to use them for 
traveling to work and relaxation more than using public transportation. Someone parked in their house and traveled to 
work by using public transportation but preferred to use private vehicles for traveling on vacation, possibly because 
travelers sought the convenience of private vehicles, space for storing luggage and increased numbers of traveling 
companions, thereby causing the samples to prefer private vehicles for traveling on vacation.

FIGURE 3
THE VEHICLE OWNERSHIP CHARACTERISTICS AND TRAVEL OBJECTIVES
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Travel Behaviour

The sample group had travel behaviors according to vehicle ownership and modes of travel according to           
Table 1.

TABLE 1
THE TRAVELER BEHAVIOR ACCORDING TO MODE AND OBJECTIVE TO TRAVEL

Factors
Mode: private Car Mode: Public transportation

Work Recreaction Work Recreaction
Income/month 21,383 Baht 20,738 Baht 17,365 Baht 17,718 Baht
Distance/day 23 Kilometers 29 Kilometers 26 Kilometers 22 Kilometers
Travel time/day 33 Minutes 38 Minutes 35 Minutes 30 Minutes
Travel cost/day 109 Bath 143 Bath 86 Bath 143 Bath
The worst traffic jam 132 Minutes 136 Minutes 150 Minutes 100 Minutes
Checking traffic 
information before trip 

Check
(65 %)

Check
(62 %)

No
(58 %)

No 
(62 % )

Destination - Modern trade
(70 % )

- Modern trade
 (74 % )

Mode travel - Bus (49 %)
- BTS/MRT (48 % )
- Taxi (3 % )

- Bus (49 % )
- BTS/MRT (34 % )
- Taxi (17 %)

According to Table 1on travel behaviors, travelers with private car were found to have higher average monthly 
incomes than the people who traveled by public transportation with only slightly shorter travel distance and spent less 
time in traveling. However, expenses in traveling via public transportation are noticeably cheaper. It might be said that 
travelers will be able to save money by 21% if they change their mode of travel from private car to public transportation.
In cases involving traveling for recreation, traveler travel by using private car will travel farther and spend more time 
traveling than travelers who used public transportation. Most of the travelers who used public transportation used bus and 
BTS/MRT to work at similar ratios. However, when traveling for relex, the travelers in this group used taxis at a higher 
ratio.

Real Time Traffic Information Demand 

According to the presentation of basic types of real-time traffic information to accompany travel decisions and 
the setting of starting service fees at five baht per five minutes of service information. The result is 70% of sample group 
interested basic information. Furthermore, according to the presentation six additional types of information, the results 
from the completion of the questionnaires were obtained as follows figure 4.

FIGURE 4
RATIO OF INTEREST IN TRAFFIC INFORMATION SERVICES
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According to Figure 4, found that the travelers have the greatest need for the P1 (information on shortcuts),
regardless of traveling objectives, followed by P2 (reminders when there are delays on travel routes) and P3 (notification 
of events throughout the routes). However, the interesting data from this survey found the sample group to have a need 
for P6 (information regarding parking facilities and empty spaces) in the objective of travel for leisure, which possibly
because each workplace usually has parking areas to support corporate employees, thereby causing travelers to have no 
need to look for parking facility information. 

TABLE 2
AMOUNT AND PERCENTAGE OF NEEDS FOR INFORMATION IN CASES WORK TRIPS

Package N Percentage

93 46.50

25 12.5

19 9.5

According to table 2, the hypothesis on mixed and matched marketing strategy for the sample group to select 
three types of information found that three types of information most frequently selected among the nineteen packages, 
the outcome showed most travelers to need traffic information consisting of information on shortcuts to avoid congested 
routes, reminders about delays on travel routes, notification of events throughout travel routes and systems for planning 
private trips. According to the aforementioned survey results, 137 samples selected all three packages (68.5%), most of 
whom had private vehicles, were females with an average age of forty years, average monthly income of 19,800 baht and 
travels amounting to an average of twenty-five kilometers per day by using an average travel time of thirty-six minutes. 
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TABLE 3
AMOUNT AND PERCENTAGE OF INFORMATION NEEDED IN CASES RECREATION TRIP

Package N Percentage

46 23

26 13

22 11

According to Table 3 showing the three most frequently selected types of information among twenty packages, 
the results showed most travelers to need traffic information consisting of information concerning shortcuts to avoid 
congested routes, reminders about delays on travel routes, notification of events throughout travel routes, systems for 
planning personal trips and information about parking facilities and empty spaces. According to the aforementioned 
survey results, ninety-four samples selected this package (47%), most of them had their own vehicles and were females 
and males with an average age of thirty-eight years, average monthly incomes of 19,600 baht, average daily travel 
distances of twenty-three kilometers and an average travel time of thirty-four minutes.

CONCLUSION

This study was conducted with the objective of raising awareness about the characteristics of information 
needed by travelers to accompany their trips. The findings concluded that most travelers in Bangkok (60%) owned 
vehicles and preferred to use private vehicles in traveling to regular jobs and travels for leisure. Most or approximately 
70% of travelers were interested in traffic information and checked information before leaving. Most of the samples 
owned private vehicles and preferred to use private vehicles in traveling for work and leisure. In addition, some of the 
samples were found to have vehicles but parked them at home and decided to travel to work via public transportation. 
The travel behaviors of travelers were divided by mode of travel. The people who traveled with private vehicles had 
higher average monthly incomes than the people who traveled via public transportation and had only slightly shorter 
distances together with using less time in traveling. According to the results from presenting traffic information for the 
sample group to select, the sample group was found to be interested in the information presented. The types of
information in high demand include information regarding shortcuts to avoid congested routes, reminders about delays 
on travel routes, notification of events occurring throughout travel routes and systems for planning personal trips.
Different objectives resulted in needs for different types of information.
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ABSTRACT

This paper examines the changing interests of academic publishing concerning the strategy of ‘flagging out’. In 
this context, the paper aims to provide an in-depth analysis of the research area ‘flagging out’ using a structured literature 
review encompassing 509 articles out of 14 journals. The first part of this paper is a research review based on the existing 
publications found on this topic. The texts in these publications were analyzed with regard to their depth of contextual 
relevance and topic within the area of flagging out. In a second step, the material found is organized into modes of trans-
port. Furthermore, it is analyzed in terms of historical development of the term, the most popular countries, the relevant 
motives and the national economic, environmental and social impacts of flagging out. The paper concludes by identifying 
relevant future research topics and suggesting further practices in this field. 

KEYWORDS
Flagging Out Ships, Flagging Out Trucks, Flagging Out Planes, Flag of Convenience, Open Register

Introduction

Over centuries, ship-owners have taken advantage of other flags – referred to as ‘flags of convenience’ (FOC) –
in order to reduce costs or overcome different kinds of legal or economic restriction. Decades ago, this phenomenon –
known as ‘flagging out’ – became a well-established gobal strategy in the maritime transport sector (Yannopoulos 1988; 
McEvedy 1967; Prinz/Schulze 2004; Metaxas 1981; Alderton/Winchester 2002). Due to the economic development over 
the last decade, combined with the ongoing process of globalization and growing cost pressure in the whole transport 
industry, companies in other transport sectors have started copying the strategy of relocating fleets to achieve certain 
advantages (Kummer 2010; Kummer/Schramm/Sudy 2009; Kummer et. al 2009; Yannopoulos 1988; Alder-
ton/Winchester 2002, Bergantino/Marlow 1998; Balfour 1994). The steadily growing statistical numbers of flagged out 
fleets in all three examined modes of transport (ship, vehicle and airplane) highlight the significance of this strategy as 
well as the need for research in this area.

In terms of research and academic publications, this field strongly differs depending on different modes of 
transport. In this context, the intention of this paper is to provide a comprehensive analysis of the current status of Eng-
lish and German publications in this research field by adopting a systematic literature review.

The paper is organized as follows: At first, the methodology used is discussed. Then, the Analysis of the Flagging 
out Literature as well as selected findings are presented. Finally, after a discussion, conclusions are drawn.

METHODOLOGY

Due to the fact that the review aims at both structuring the research field and outlining a comprehensive state of 
research, a methodological mix of qualitative content analysis and quantitative analysis methods is applied. The meth-
odological frame follows Mayring's process model of content analysis which comprises the process steps of data collec-
tion, descriptive analysis, category selection and material evaluation (Mayring 2003). These steps follow methodological 
processes and aim at conducting a structured literature review by means of qualitative content analysis (e.g. Hart 1998; 
Webster/Watson 2002; Zikmund 2003; Atteslander 2006; vom Brocke et al. 2009)
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Data Collection

The material collection process starts with the identification of relevant keywords for the literature search. The 
broad use of the strategy of ‘flagging out’ in different modes of transport calls for search criteria which must not overly 
narrow down the search. Furthermore, the keywords should translate the fact that the research topic is affected by a vari-
ety of terms and a great number of different definitions. As a result, the keywords “ausflaggen“,“ausflagg*“, “flagging 
out“, “flagg* out“, “ausflagg* AND Lkw“, “ausflagg* AND schiff“, “ausflagg* AND flugzeug“,“flag* out AND truck“, 
“flag* out AND ship“, “flag* out AND plain“, “Billigflagge“, “flag of convenience“, “FOC“, “state of registry“, “regis-
tration“, “open register“ and “OR“ are chosen. The keyword search is conducted as a title-search for each journal using 
the databases of Science Direct, EBSCO, proQuest and wiso Wirtschaftswissenschaften. The second step includes the 
selection of relevant journals according to the identified research keywords.

Descriptive Analysis and Category Selection

Table 1 provides an overview of the results of the literature research. The findings reveal that the maritime 
transport sector has the greatest number of hits in English and German publications, owing to the long history of the use 
of FOC in this sector. Road freight transport receives little attention in English publications, due to the fact that flagging 
out in road freight transport is not only a relatively new trend, but also most common in German speaking countries 
(Austria, Germany). Hence, the vast majority of literature in this field is in German. Another finding is that literature on 
this topic has been rather neglected in the aviation field, which is mirrored by a lack of academic publications.

TABLE 1
SCOPE OF LITERATURE REVIEW: JOURNALS, HITS 

AND HITS SUBDIVIDED INTO MODES OF TRANSPORT

Material Evaluation

The material found was analysed with regard to the depth of contextual relevance which is divided into strong, 
medium and low contextual relevance. In this context, if an article deals exclusively with the topic of flagging out, strong 
contextual relevance is implied. If an article shows interest in the topic in a couple of paragraphs, medium contextual 
relevance is assumed. If an article refers to the topic only once or twice, low contextual relevance is implied. Table 2 
displays the result of the analysis. More than half of the publications are classified as low contextual relevance. 
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TABLE 2
OVERVIEW OF THE DEPTH OF CONTEXTUAL RELEVANCE OF THE RESEARCH TOPIC

The analysis of the main theme of literature found suggests that there is a rather wide variation of interest. The 
category with the highest number of documents in all three modes of transport is “Motives for flagging out”. The lowest 
number of articles published is concerned with “Favourite countries for flagging out”.

TABLE 3
ANALYSIS OF SELECTED LITERATURE ACCORDING TO MAIN THEME
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ANALYSIS OF FLAGGING OUT LITERATURE

Status and Development of Flagging Out

The beginnings of the use of FOC date back several centuries and have their origin in maritime transport. For 
example, in the 16th century, British ships took advantage of the Spanish flag to overcome trade restrictions in the West 
Indies, and during the 17th century, British fishing ships sailed under the French flag to avoid imposed restrictions in 
Newfoundland (Làcer, 2003). More examples of the early use of FOCs can be found in the 18th and 19th centuries. 
However, during this period of time ship-owners did not base their decision on the kind of considerations used by mod-
ern ship-owners such as different labour costs, availability of credit facilities and value of foreign currency. As a result, 
specialized literature agrees that the formation of FOC, as used today, is a development which took its origin in the sec-
ond half of the 20th century (Metaxas, 1981). The first open register (OR) was introduced by Panama in 1916, followed 
by the creation of the Liberian FOC in 1948 and the Cypriot FOC in 1963 (Làcer, 2003). 

A closer look at the figure below reveals the extent that the use of FOC has reached. In 2011, more than 68 per 
cent of the world’s tonnage was registered abroad. The three largest flags of registration are Panama, with 306 million 
dwt (21.9% of the world fleet), Liberia (11.9%) and the Marshall Islands (7.1%), all known FOCs (UNCTAD Secretariat, 
2011). 

FIGURE 1
SHARE OF FOREIGN-FLAGGED FLEET

(BEGINNING OF-YEAR FIGURES, AS A PERCENTAGE OF DWT, 1989-2011)

Source: UNCTAD Secretariat (2011)

At the end of the 20th century, the strategy of flagging out was gradually copied by the aviation transport sector. 
The development of competitive strategies was made necessary by the liberalization and deregulation of the European air 
transport sector in 1997 and as a consequence, by an increasing number of competitors (Triller, 1995). The legal frame-
work and basis of air transport was internationally created by the Chicago Convention in 1944, which among other things 
set important cornerstones for the registration of aircraft and for flagging out in this context (Chicago Convention, 1944).

Flagging out in road freight transport also started to receive attention at the end of the 20th century. An early ex-
ample of this trend in Europe is the registration of Austrian vehicles in Luxemburg because of favourable taxation condi-
tions. However, the big “flagging out boom” started with the European eastward expansion in 2004 and later in 2007, due 
to new and cheaper competition and the resulting growth of cost pressure (Kummer, 2010). A longitudinal study in this 
area in Austria provides an overview of the extent of flagging out. The following figure clearly shows that the trend is 
still growing. The decline from 2006 to 2007 was due to a decrease in motor vehicle tax and the stable general economy 
in 2007.
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FIGURE 2
AMOUNT OF MOTOR TRACKS FLAGGED OUT IN AUSTRIA 2003-2009 AND FORECASTS FOR 2010-2011

Motives for Flagging Out

All three modes of transport are driven by a common motivation for flagging out. Above all, cost avoidance is 
the main driver (Li/Wonham, 1999). In this context, the reasons are (i) to avoid taxation and fiscal controls, (ii) to avoid 
national regulation regarding the terms and conditions of employment of labour, (iii) to avoid political instability or the 
nationalization risk in the country of origin, and also to avoid political restrictions on the freedom of international 
seaborne trade, and (iv) to avoid controls that limit flexibility in the investment and operation of ships (Metaxas, 1981). 
The advantages yielded by lower crew costs and the freedom to use foreign labour have been essential pillars for the use 
of FOCs in the maritime transport (Làcer, 2003).

In road freight transport the most decisive explanatory variables for flagging out are the direct and indirect la-
bour costs as well as vehicle tax (Kummer et al, 2009).

As far as aviation transport is concerned, the aforementioned advantages of FOC include favourable lease condi-
tions and tax implications, along with a less complex legal framework (Geoff, 2011).

Most Popular Countries for Flagging Out

In the field of maritime transport, topic-related literature often classifies different countries as FOCs, due to dif-
fering definitions and interpretations of the ‘genuine link’ between ship-owner and flag. The following table provides an 
example of an overview of the most popular countries for flagging out. The 34 countries have been declared FOCs by the 
ITF-Fair-Practice-Committee (ITF, 2012).
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TABLE 4
FAVOURITE COUNTRIES FOR FLAGGING OUT IN MARITIME TRANSPORT (ITF, 2012)

The figure below demonstrates the countries preferred by Austrian companies when it comes to registering 
trucks abroad. Eastern European countries which were integrated to the EU in 2004 and in 2007 are particularly attractive 
for flagging out. The former EU 15 countries have lost their importance (Dieplinger/Fürst/Lenzbauer 2010).

FIGURE 4
THE MOST POPULAR COUNTRIES FOR FLAGGING OUT MOTOR TRUCKS 2003-2009 

Source: Dieplinger/Fürst/Lenzbauer (2010)

In aviation transport, the Bermudas, the Bahamas, the Cayman Islands, Aruba, Malta und the Isle of Man are 
mentioned as ‘aviation flags of convenience’ in specialist literature (Geoff, 2011).
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Impacts of Flagging Out

Three areas of impact are associated with flagging out in literature: impact on the national economy, on quali-
fied personnel and on safety as well as the environment. As for the impact on the national economy, fiscal losses, e.g. 
from loss of taxes, are a major burden. Figure 5 provides an example of the financial burden for the Austrian government 
resulting from registering trucks abroad. The financial burden increased from EUR 310 million in 2006 to an estimated 
EUR 640 million in 2011 (Kummer et al., 2009).

FIGURE 5
BURDEN OF FLAGGING OUT 2006-2007 AND ESTIMATES 2010-2011

Source: Dieplinger/Fürst/Lenzbauer (2010)

As far as the impact on qualified personnel is concerned, FOCs, in contrast to ‘traditional’ maritime states, have 
only few restrictions on labour in terms of nationality, pay and conditions. This led to the creation of the label “crew of 
convenience”. As a consequence, most seafarers tend to be from less developed countries, are paid less and are subject to 
inferior working conditions because of a lower level of union membership (Alderton/Winchester, 2002). Another conse-
quence of flagging out is a growing number of unemployed qualified workers and the loss of jobs (Kummer et al., 2009).

The majority of literature deals with the impact on safety and the environment as a consequence of these facts. 
Maritime and aviation transport are particularly affected by this impact, due to the lax and inadequate application of 
international safety rules and standards by FOC countries. This results in shipping accidents which damage the marine 
environment (Blonk, 1994).

CONCLUSION AND DISCUSSION

This literature review has analysed 509 articles from 14 journals concerning the strategy of flagging out. In 
some ways, the findings confirm the obvious fact that the majority of literature is mainly concerned with maritime trans-
port, followed by unattended road freight and aviation transport. However, it is important for research to validate the 
“self-evident truth”. As a result of this research gap, these areas would represent interesting future research topics.

Above all, the national economy and employees suffer from the results of flagging out. To prevent added value 
from shifting abroad, some discussed measures against flagging out in maritime transport include the introduction of 
second register or tonnage tax. Concerning road freight transport, a European wide adaptation of the direct and indirect 
labour costs as well as a reduction in vehicle tax has long been desired by the industry. Flagging out has been proven to 
be a significant trend influencing transport industries sharply. 
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ABSTRACT

In the air travel business, low cost airlines provide an alternative choice for travelers that may be suitable to 
their travel needs. At present, travelers have a variety of alternatives.  Many business organizations, especially air travel 
businesses, strive to maintain their old customer base, as well as to expand their customer base so as to obtain greater 
market share, thereby leading to greater turnover. The question remains, however, as what would be an appropriate 
selection method for travelers in meeting their travel needs by virtue of opting for low cost airlines. In this research
investigation, the researchers inquire into factors influencing consumer decisions to use low cost airlines.  The 
researchers employed both qualitative and quantitative methods in carrying out this investigation. As such, the 
instruments of research were an interview form and a questionnaire.  In respect to the qualitative approach using 
interviewing as a means of gathering data, the researchers interviewed travelers who had used four types of travel within 
the past year:  ordinary airlines; low cost airlines; public buses; and trains.  In regard to the quantitative approach, data
were collected from subjects using a questionnaire constructed by the researcher. As in the case of the qualitative 
approach, the researchers collected data from travelers who had in the last year used the aforementioned four types of 
travel; viz, ordinary airlines, low cost airlines, public buses, and trains. The members of the sample population of 400
subjects consisted of travelers at Suvarnabhumi Airport.  Data were analyzed through applications of the structural 
equation modeling (SEM) method. Findings indicated that punctuality, comfort, security, and economy were influential 
factors affecting traveler decisions to utilize the services of low cost airlines. Variances in decision making were 
explanatory at the level of 52.5 percent (R2 = 0.525). Each of the four factors examined were composed of twenty-seven 
major elements.

KEYWORDS
Low Cost Airline, Market, Traveler Decision

INTRODUCTION

At present, the aviation business is highly competitive.  Travelers accordingly have a range of options from 
which to select in meeting their traveling needs. Receiving good service at reasonable prices is obviously a starting point 
for travelers who are making travel decisions, a state of affairs that holds regardless of the mode of travel selected.  
Therefore, executives must be highly capable in showing travelers how their particular services differ in respect to the 
benefits travelers can accrue in making use of their services.  After using the services provided, travelers should be 
satisfied with the services and be willing to become repeat partakers of the services in question.  Travelers should be 
impressed by the services offered and should feel themselves to be able to recommend to others that they use the same 
services.

With these considerations in view, the researchers thereupon framed the following research question: which 
factors influence decisions to use the services of low cost airlines.  The researchers also investigated causal factors 
influencing the decision to use the services of low cost airlines.
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THEORIES AND RELATED LITERATURE

Value theory [11].  The principles of the value theory utilized by the researchers specify the requirement that 
service users perceive benefits they receive from services to be of greater value than the costs incurred.  If so, they will 
consider the services provided to be worthy in the sense of judging them to be of higher value in comparison to other 
provisions of service. If they are satisfied with the services, they tend to become repeat users of said services, regardless 
of whether they are tourists, consumers of products, or users of services. If the service users are dissatisfied with the 
services provided, they will have a tendency to use the services provided elsewhere [11].  In addition, it was found that 
levels of satisfaction tend to affect loyalty to products and services [5, 8].

Consumer purchasing decision process.  It was found that the majority of consumers exhibited five steps in 
the consumer purchasing decision process: (1) perception of needs or perception of problems; (2) search for information; 
(3) evaluation of alternatives before deciding to purchase; (4) making a decision to purchase; (5) behaviors after the 
decision has been made to purchase.  Consumers may omit a step, or return to earlier steps before making a final decision 
and acting on the basis of this decision.  This indicated that the decision-making process involved in purchasing and the 
behaviors evinced after the actual purchase were intercalated with post-purchasing effects.

Intention to travel in the future.  The possibility of customers using services tends to increase or decrease 
depending on organizational support [6].  The tendency to continue or discontinue being customers involved factors 
affecting future decision making which patently involved levels of customer satisfaction [11].

Punctuality.  High organizational efficiency and high returns on inputs entail effective applications of 
techniques of cost reduction. A concomitant of this process is to improve customer service processes.  Cycle-time 
reduction is indicative of good work efficiency and efficacious provision of customer service.  If an organization can 
provide services to customers expeditiously in a timely fashion, customers will be retained, inasmuch as this state of 
affairs tends to generate maximum customer satisfaction and a corresponding tendency to become a repeat customer. [9, 
11].

H1:  Punctuality affects decision of travelers positively

Security.  The security afforded travelers by service providers is a factor in service provider competition that 
must be taken into account.  Security considerations involve political problems, crime, safe traveling conditions, 
protection from police officers, prevention of the spread of diseases, and capability in service management [3].

H2:  Security affects decision of travelers positively

Comfort. Entrepreneurs are constrained to respond to the needs of consumers to be content and comfortable 
when they have provided services on pain of consumers becoming dissatisfied. These concerns involve intangible 
feelings and are not reified or concrete products, but yet must be taken into account by entrepreneurs. [1, 7].

H3:  Comfort affects decision of travelers positively

Economy.  Price competition in respect to traveling expenses and service fees must be congruent with 
passengers’ needs [4].  The perceived value of services received must be in proportion to the costs incurred with a 
concomitant convergence between price and perception of value received.  In this connection, considered were 
transportation costs and costs incurred at the service point, both of which influenced the decision making of passengers.

H4:  Economy affects decision of travelers positively
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RESEARCH METHODOLOGY

In this research investigation, the researchers employed both qualitative and quantitative methods, as already 
seen. The instruments of research were bipartite. 

In part one, the researchers utilized a qualitative research approach through conducting in-depth interviews to 
gather empirical details concerning issues of significance in order to be able to investigate relationships between 
variables.  The data accordingly collected were used in constructing a questionnaire to be used as a tool in the 
quantitative research phase of the investigation.

In part two, the researchers utilized a quantitative research approach. The instrument of research was a 
questionnaire constructed on the basis of the results of the review of related literature in conjunction with empirical 
details concerning significant issues obtained from the in-depth interviews.  

The questionnaire itself was quintipartite:  (1) punctuality; (2) security; (3) economical traveling expenses; (4) 
comfort; and (5) passenger decision making.

As seen above, the sample population consisted of travelers using the services of ordinary airlines, low cost 
airlines, public buses, and trains who had traveled by means of each of the four modes of travel in the last year.  Data 
were collected from 400 travelers at Suvarnabhumi Airport.  Data were analyzed using descriptive statistics [1,2] and 
structural equation modeling (SEM) [2].

FINDINGS

The Means of Pertinent Factors 

In analyzing the means of pertinent factors, the researchers found these factors influenced marketing 
competence as shown in the following table:
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TABLE 1
MEANS OF FACTORS INFLUENCING MARKETING COMPETENCY

Variable Mean SD Result Mean SD Result

Punctuality : PUNC

Timely (PUNCT)

PUNCT1: Trip-travel back in time to meet the schedule. 4.12 0.45 mostly 4.22 0.46 mostly

PUNCT2:  Appropriate to the time schedule routes. 4.56 0.33 mostly 4.15 0.68 mostly
PUNCT3: A quick note to let passengers on flight time
delay. 

3.98 0.65 most 3.99 0.59 most

Compensation for delay time (PUNCC)

PUNCC1: Have to pay compensation for the delay. 3.99 0.59 most 3.22 0.44 most

PUNCC2: Arrange accommodation for the time delay 3.78 0.33 most 4.66 0.54 mostly

Spend time on travel (PUNCS)

PUNCS1:  Use time travel is less than the other travel. 4.31 0.43 mostly 4.88 0.39 mostly

Security (SAFET)

Security to assets (SAFAS)

SAFAS1: Check with the appropriate passenger baggage. 3.22 0.68 most 3.87 0.88 most

SAFAS2: Take care not to damage the passenger baggage. 4.82 0.89 mostly 4.86 0.58 mostly

Security to passengers (SAFPE)

SAFPE1: Identification of passengers before boarding. 3.12 0.36 most 3.45 0.25 most

SAFPE2: Security device on the aircraft. 3.78 0.19 most 3.99 0.54 most

SAFPE3: Receptionist recommended safety on aircraft. 4.19 0.46 mostly 4.23 0.77 mostly

SAFPE4: The aircraft is clean and safe from diseases. 4.99 0.76 mostly 4.87 0.53 mostly

Compensate for loss (SAFCO)
SAFCO1: Appropriate compensation in case of damage to
baggage.

3.02 0.76 most 3.82 0.36 most
SAFCO2: Appropriate compensation for any injury on the 
trip

4.38 0.54 mostly 4.22 0.29 mostly

Economy (ECON)

Regular travel (ECOR)

ECOR1: Services that are appropriate for the price paid. 4.01 0.33 mostly 4.14 0.34 mostly

ECOR2: Pay no more than half of the first air-conditioned 
bus and train. 4.88 0.48 mostly 4.91 0.45 mostly

ECOR3: Satisfied with the service reduced the price drops 4.88 0.59 mostly 4.12 0.53 mostly

Promotion (ECOP)

ECOP1: Special events organized by lower prices. 3.27 0.28 most 3.28 0.49 most
ECOP2: Discounts for passengers to travel on a regular 
basis.

4.12 0.49 mostly 3.82 0.35 most
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SAFPE4: The aircraft is clean and safe from diseases. 4.99 0.76 mostly 4.87 0.53 mostly

Compensate for loss (SAFCO)
SAFCO1: Appropriate compensation in case of damage to
baggage.

3.02 0.76 most 3.82 0.36 most
SAFCO2: Appropriate compensation for any injury on the 
trip

4.38 0.54 mostly 4.22 0.29 mostly

Economy (ECON)

Regular travel (ECOR)

ECOR1: Services that are appropriate for the price paid. 4.01 0.33 mostly 4.14 0.34 mostly

ECOR2: Pay no more than half of the first air-conditioned 
bus and train. 4.88 0.48 mostly 4.91 0.45 mostly

ECOR3: Satisfied with the service reduced the price drops 4.88 0.59 mostly 4.12 0.53 mostly

Promotion (ECOP)

ECOP1: Special events organized by lower prices. 3.27 0.28 most 3.28 0.49 most
ECOP2: Discounts for passengers to travel on a regular 
basis.

4.12 0.49 mostly 3.82 0.35 most

ECOP3: Promotional items with prices reduced. 4.01 0.51 mostly 4.04 0.55 mostly

Comfort (COMF)

Reservation (COMRE)

COMRE1: Several convenient formats of reservations. 4.87 0.33 mostly 4.55 0.64 mostly

COMRE2: Check-in and boarding through the internet. 4.11 0.45 mostly 4.32 0.38 mostly

Service on flight (COMSE)

COMSE1: The aircraft is equipped with modern appliances. 3.45 0.35 most 3.87 0.49 most
COMSE2: The plane is approached, the seats are
comfortable.

3.25 0.54 most 3.39 0.48 most
COMSE3: Pre-orders are available for customers that need 
food

4.01 0.72 mostly 4.37 28 mostly

Flight attendant (COMF)

COMF1: There is concierge on a plane before - down. 3.49 0.75 most 3.27 0.77 most

COMF2: The receptionist recommended for use on aircraft. 2.99 0.55 middle 3.01 0.46 most

Decision (DECIS)

Customer satisfaction (DECCS)

DECCS1: Appropriateness of services received. 4.89 0.33 mostly 4.63 0.58 mostly

Risk reduction (DECRE)

DECRE1: The risk of injury less than other types of travel. 4.56 0.48 mostly 4.88 0.44 mostly

DECRE2: The risk of property damage is at a minimum. 4.23 0.47 mostly 4.97 0.59 mostly

Speed (DECSP)

DECSP1: Select the type of travel time is less. 4.99 0.37 mostly 4.76 0.33 mostly

Cost reduction (DECCR)

DECCR1:  Select travel costs are at a minimum. 4.01 0.48 mostly 4.85 0.58 mostly

Factors Influencing the Decisions of Passengers

The researchers conducted an analysis of the data collected in order to determine relationships between variables
to the end of determining whether the empirical data was congruent with the theoretical framework adopted for this 
investigation and the research hypotheses posited for this inquiry.  It was found that the results of SEM analysis in 
accordance with the conceptual framework adopted in this research investigation were congruent with the empirical data
obtained by the researcher.
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FIGURE 2
RESULTS OF DATA ANALYSIS CONDUCTED USING 

THE STRUCTURAL EQUATION MODELING TECHNIQUE
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0.394**

0.922**0.941**

Chi-Square = 78.42, df = 62, p-value = 0.07, 2 / df = 1.22, RMSEA = 0.014, GFI = 0.99, AGFI = 0.99, NFI = 0.98, NNFI = 
0.97, IFI = 0.97, RFI = 0.98, CFI = 0.99, CN = 337.45 (n = 400) 

*means the statistically significant level of .05 (1.960 t-value < 2.576)
**means the statistically significant level of .01 (t-value 2.576 

Hypotheses Testing

0 1 2 3 4 PRICE 1 ………….(1)

TABLE 2
RESULTS OF HYPOTHESES TESTING

Path
Path 

Coefficients t-stat p-value result

H1 : Punctuality effect on decision 0.396 5.498** 0 support

H2 : Security effect on decision 0.485 9.426**
0 support

H3 : Comfort effect on decision 0.395 6.389**
0 support

H4 : Economy effect on decision 0.478 8.665**
0 support
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Coefficients t-stat p-value result

H1 : Punctuality effect on decision 0.396 5.498** 0 support

H2 : Security effect on decision 0.485 9.426**
0 support

H3 : Comfort effect on decision 0.395 6.389**
0 support

H4 : Economy effect on decision 0.478 8.665**
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TABLE 3
RESULTS OF TESTING FOR PATH INFLUENCES

Variable Result Decisions (DECIS)
Variable caused DE IE TE

Punctuality: PUNC 0.396** - 0.396

Security: SAFET 0.485** - 0.485

Comfort: COMF 0.395* - 0.395

Economy: PRICE 0.478** - 0.478

R2 0.525

Construct Validity

Using analysis involving construct validity, the researchers found the following: The test validating the 
measurements used in this inquiry suggested that the indicators utilized measured the same construct. The criteria for 
evaluation used in this connection were that the indicators must have a loading value higher than 0.707 concomitant with 
a Cronbach’s alpha ( ) greater than 0.700 [5], and an average variance extracted (AVE) greater than 0.50 concomitant 
with a  statistically significant level result found upon testing convergent validity.  Findings are as follows: 

TABLE 4
THE RESULTS OF AN ANALYSIS OF FACTORIAL CONSTRUCT VALIDITY

Indicator Loading t-stat CR AVE

Punctuality: PUNC

PUNCT: Timely 0.977 14.183 0.894 0.662

PUNCC: Compensate on delay time 0.791 7.957

PUNCS:  Spend time travel 0.955 11.214
Security: SAFET

SAFAS: Security to body 0.936 15.164 0.879 0.635

SAFPE: Security to assets 0.982 19.282

SAFC: Security to loss 0.849 9.824

Economic: ECON

ECOR: Regular travel 0.942 14.987 0.893 0.689

ECOP: Promotion 0.845 13.365
COMFORT: COMF

COMRE: Reservation 0.932 14.601 0.923 0.798

COMSE: Service on flight 0.918 15.455

COMF: Flight attendant 0.726 12.261
Decision: DECIS

DECCS: Customer satisfaction 0.955 17.396 0.986 0.909
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DECRE: Risks reduction 0.919 11.031

DECSP: Speed 0.993 15.427

DECCR: Cost reduction 0.983 10.86

In testing hypotheses, it was found that the components of punctuality, security, comfort, and economy 
influenced the decision to use low cost airlines at 52.5 percent (R2 = 0.525) at the statistically significant level of 0.000 as 
can be seen in the above tables and figures. 

SUMMARY OF FINDINGS

Findings indicate that factors concerning passengers as major issues in the decision to use low cost airlines were 
quadripartite:  security; economical traveling expenses; punctuality; and comfort, respectively.  Variances in decision 
making were explanatory at the level of 52.5 percent (R2 = 0.525).  In addition, passengers decided to use services by 
reference to the following major issues: individual security; punctuality; the time spent in traveling; normal traveling 
expenses; safety of possessions; seat reservations; services on board; compensation for damages incurred; sales 
promotion; compensation for lost time; and personnel providing services, respectively.  All these factors had twenty-
seven components.  The paramount factors passengers took into consideration were fourfold: acting with alacrity; being 
less expensive; levels of service satisfaction; and perceived reduction of risks. 
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ABSTRACT

In the past research, we extracted the proportions of inland container freight price in specific five routes between 
the eastern industrial estates and Laem Chabang container port. Interestingly, the results showed that the large portion in 
freight price is the profit mark up which is up to sixty percent of freight price. In this paper, we focus on the profit mark 
up in which pricing strategies are quantified. We employ a non-parametric technique to estimate the profit mark up of the 
container freight price. Thirty five trucking managers are in-depth interviewed in order to find the decision factors for 
rule-based pricing, which are: product type, waiting time, weight ton and trip per contract. The results have shown the 
estimate and the average of actual prices with their mean errors and standard deviations. 

KEYWORDS
Profit Mark Up, Inland Container Transport, Rule-Based Pricing

INTRODUCTION

The objective of this research is to present technique for estimating profit mark up for inland container freight 
transport in the Eastern region of Thailand. We focus on strategies of trucking companies before freight prices are 
quoted. In practical, the perceptions of trucking owners affect to the profit mark up. The different rate of mark up is 
occurred when owners get the different information from the customers. We employ a non-parametric technique for 
estimating mark up of the freight price. Concentrated with main characteristics of freight price in that area, the cost based 
mark up pricing and rule based techniques are used to represent the difference of freight price. The AHP technique is 
used for weighting multiple criteria of measurement, and four by ten factors are chosen to be the set of conditions in the 
expert rules. We represent the estimated price in terms of graph and evaluate market competition by comparing our 
estimate with average of actual prices, and conclusions are given in the last section.

LITERATURE REVIEW

Baker (2006) represented an executive responsible for pricing composed of multi-disciplinary skill, drawing 
insights from the academic disciplines of marketing, finance, operations, risk analysis, psychology, economic theory, 
portfolio theory and many more. There were five critical factors to define the range of strategic pricing; real costs and 
profits, product or service value to the customer relative to value offered by competition, market segment differences, 
competitive reactions and marketing objectives (Montgomery, 1988). He also referred to Webb, (1982) who listed the 
major considerations in determining price structures for service organization profit. It should be based on cost and 
increased when the competition price was increased. Montgomery (1988) described the important basic outline to 
determine price involved with; determine buyer or user needs wants and desires, conduct an analysis of external 
environment and select a grand strategy, evaluate the competition, determine market position relative to the competition, 
conduct a complete cost analysis, establish a price list for all services. Direct costing made available cost data which 
enabled management to make such decisions with full knowledge of the effect to the profit. Cost associated with 
differential gain in profit expected from the multiple-price as compared with the one-price strategy (Baker, 2006). 
Skillful strategic pricing could be set in the following (Montgomery, 1988); add a target margin of profit to cost and 
compare the result with competitive prices. If the outside market determined prices, the firm had decided whether its cost 
structure would able to compete in selected markets. (Campbell, 1992), Machlup, (1946), Robinson (1953) and 
Silberston (1970) identified cost mark up as the dominating pricing strategy in manufacturing. The mark up was usually 
calculated in percentage, or it could be based on other cost related factors. Service businesses frequently used the 
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standard mark up approach that was cost plus mark up. The standard mark up approach was base on costs rather than 
market conditions. They also assumed that the competition used the same approach and the customers were willing to 
buy the products or services at those prices. If the standard mark up approach was used, it was the proper base. There was 
a big difference between a 60% mark up on cost and a 60% mark up on selling price (Harper, 2003). Dalen and Thurik, 
(1998) used a structural model to identify deviations of individual pricing. The firms operated in imperfectly competitive. 
Traders applied pricing rules consistent with cost mark up pricing. The mark up varied among traders with the extent to 
which a firm’s pricing strategy deviated from full profit maximization. When product markets were characterized by a 
lack of competition, firms might be able to charge a mark up over their marginal costs and achieve monopoly price 
(Martins, Scarpetta and Pilat, 1996). The existence of mark up also had some implication for our understanding of 
macroeconomic behavior. In their frame work, mark up had a direct impact on unemployment (Geroski, Gregg and Van 
Reenen, 1996). The existence and behavior of a mark up over the business cycle also explained why productivity, wages 
and employment appeared to be pro-cyclical. In addition, macroeconomic policy would have a different impact on output 
and prices if product markets were characterized by a high degree of mark up pricing (Silvestre, 1993).

In the transportation industry, although service quality was influential, price was one of the primary 
considerations when selecting a transportation carrier. Therefore, it was absolutely crucial to have a strong understanding 
of actual operating costs in the initial phase of determining price to ensure acceptable profit margins Berwick and Dooley 
(1997). Price indicated the important in difference modes (Quinet and Vickerman, 2004).  Pricing and rating 
transportation services was more unique and diverse activity than pricing most products and many services. Two 
different shipments the same distance might have radically different associated cost and quoted rates. They were depend 
on the shipment characteristics; distance transported, specific points of origin and destination, expected loading and 
unloading activities, consistency and seasonality of shipment volumes, commodity characteristics, equipment type 
requirements, cargo claims exposure and fuel cost basis (Taha, Whicker and Maner, 2008). Bowersox (2002) noted that 
transportation prices were driven by seven factors: distance, volume, density, stow ability, handling, liability and market. 
The productivity of operation respected to minimize waiting time. The waiting time was incurred that the firm must 
either absorbed or passed on to customer in form of higher price (Campbell, 1992). Generally, organizations aimed to 
make a profit and hope that price would exceed cost. (Wonginta, 2010). She also explained pricing of truck services were 
considered the various uncertainties that might possibly affected the complexities and the cost of trucking operations. 
The uncertainties included not only internal carrier operation but also outside the direct control of carriers. A minor 
adjustment in pricing could be affected to the profitability of the business and its ultimate success. Price determination 
was often a function of the cost and a desired level of mark up. Price was often referred to as cost-plus pricing, mark up 
pricing or full cost pricing. To determine a product’s selling price using the mark up method, the total cost of producing a 
product per unit basis must be known (Holland, 1998). A number of firms calculated their price on the basis of mark up 
over cost. Therefore, the estimation of total cost of product must be prepared to support this activity and the estimation 
should reflect the differences between variable and fixed cost (Campbell, 1992). Berwick and Dooley (1997) described 
the differences of truck configurations, trip and product characteristics, and input prices influence costs for individual 
owners. They provided transportation costs from many different configurations and trip characteristics. They applied 
simulation techniques, sensitivity of costs and equipment use, waiting time and trip distance, labor, and fuel price. The 
representation estimated of mark up ratios for the period 1980-1992 for seven service sectors in 14 countries. The mark 
up ratio of transportation service had an estimated between 20 and 40 percent in most countries (Martins, Scarpetta and 
Pilat, 1996).

METHODOLOGY

Inland Container Freight Mark Up Analysis

The cost based estimation is the initial value for the freight pricing. In our previous study showed that the 
estimated cost of inland container freight in the same area is 32.27 Baht per km. Although, there are many methods for 
applying cost to price, the survey provides most 80 percent of trucking companies use mark up method to calculate 
their freight price. There are some aspects when freight cost is added on mark up or profit. Mark up often remains the 
interaction of supply and demand. 

Sampling Method

According to the technique for calculating freight price in specific area is unique and the accounting information 
is very sensitive to be revealed. We assume that the opinion of the sampling population is expert to calculate freight price 
and more accurate than anyone expert’s. We select thirty five of trucking companies in the Eastern regions servicing 
inland container freight transport. The sample population is chosen by snowball sampling method. We access data by 
using in-depth interview for collecting necessary factors concerned with profit mark up.
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The Concept Framework of Freight Mark Up

In the process of survey provides freight price in the different types of situations. In addition, it provides factors 
which are the direct effect to freight pricing. There are two major factors in figure 1 those are internal and external 
factors. Moreover, the relationships between customer and trucking owners and the stability of customer are the other 
factors which also affect to the freight price despite of hard to assess them.   

In a practical view for cost based mark up strategy, trucking companies calculate freight price varied in the same 
route when they receive the descriptive information about shipment from customers. Because of the small sampling size 
and qualitative views from the trucking companies, the data could not be analyzed using statistical methods, e.g. 
regression technique. During the study, we try to convert strategies of truckers’. In figure 2 shows the structure of 
conceptual framework and analytical process of truckers when they calculate profit mark up. We apply AHP technique 
(Saaty and Vargas, 1990) to rate the comparisons of criteria and to arrange the criteria according to their importance 
when shippers buy their freight. The importance is weighted for a set of activities according to Table 1.

FIGURE 1
INTERNAL AND EXTERNAL FACTORS DIRECT EFFECT TO THE FRIEGHT PRICING

There are four major factors that have a direct impact of profit mark up after truckers consider to accept 
customers' shipment. These factors are: truck fleet utilization, operating costs, O-D trips, and term and condition of 
payment. We specify route and distance of container freight between the Industrial Estate and Laem Chabang container 
port. Then, we do not concentrate both of O-D trip and operating costs. The number of trips per contract is the data to 
discounting freight price. It also concerns with the fleet utilization. When the truckers want to deal with the large number 
of trips but the utilization of trucks is inadequate. Then, the business cannot be dealt. Term and condition are depended 
on the creditability of customers, the relationship between trucking companies and shippers and the consistency of 
customer. When trucking companies determine to accept the job, the top four questions they ask customers for 
determining mark up are in the followings; what kinds of commodity to be transported?, how much the waiting and 
loading time?, how much the total weight of commodity per trip?, how many of total trips per contract?
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TABLE 1
COMPARISON OF IMPORTANT CRITERIA

      Product type   Load time         Weight       Volume    Important
Product type 1 2 2 3 0.4
Load and waiting time     1/2                  1 2                     2½           0.3
Weight of commodity           1/3 2/3 1                      2 0.2
Volume per contract 1/6 2/6 3/6 1 0.1
    

By using the AHP to weigh criteria of the company's perception, sub-criteria are also weighted. There are 270 
situations occurred by rule based expert analysis. We set the situation within four levels. Freight price is estimated by 
starting with the freight cost per km multiplied by distance. The adjustment factor with based price is applied if that route 
has the distance less than 100 km. Then, total based cost is adjusted with four steps, shown in equation (1)

                       ( ) . . . . .( ) (1 )(1 )(1 )(1 )x t adj pt wt cw vP C L F W W W W                          (1)

where : 

( )xP        = Estimated freight price

tC = Total cost per km
L = Distance (km)

.adjF = Adjusted factor

= Total cost

.ptW = Weight of product type

.wtW = Weight of load and waiting time

.cwW = Weight of commodity

.vW = Weight of volume per contract
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FIGURE 2
MIND MAP STRUCTURE OF TRUCKING COMPANIES WHEN CALCULATING FREIGHT PRICE

                                  

                                      

EXPERIMENTAL RESULTS

In five O-D container trips between  Eastern Industrial Estates area and Laem Chabang port are: Eastern 
Seaboard, Amata Nakorn, Lad Krabang, Gateway City, Rojana.  Figure 3 illustrates the result between Eastern and Laem 
Chabang. In general, pricing in that route is in a normal competition. The 270 situations of freight price are plotted 
against with average actual price.

Average 
Market Price

Operating 
Period

Market 
Competition
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FIGURE 3
VALIDATION BETWEEN ESTIMATE FREIGHT PRICE AND AVERAGE PRICE AND ERROR BOUND

FIGURE 4
ABSOLUTE MEAN ERROR AND STANDARD DEVIATION

In Figure 4 represents the absolute mean error and standard deviation in each transport route. The estimation 
errors are not quite different except in the area of Gateway city. The largest difference concerns with that industrial 
estates area have a great deal of heavy industry, such as automotive and spare part and light industrial companies are in 
the same area. The types of industry in that area affect to percentage of errors of the freight price estimates.

CONCLUSION

In this paper, we assess the strategic factors of trucking companies to estimate freight price. We employ a non-
parametric method to estimate freight price in various scenarios. The method should be improved when the companies 
could not define the commodity because they do not always know types of commodity inside the package except the 
large-sized of machinery part. In terms of waiting time and load time, trucking companies often add the opportunity cost 
for overtime surcharge separated from the base price, and it does not affect to the mark up but the price is uncommon 
rate. The overtime surcharge is calculated by different methods and varied by company to company. In the total weight 
of commodity, the maximum load of container is limited by the land transport law. In practical, commodity weight is 
little concerned when the companies quote freight price, but they want to know the approximate weight to charge for 
vehicle depreciation.

General pricing areaHigh competition

Low competition
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ABSTRACT

This research had objectives to study the factors affecting development travel route in Puttamonton district 
Nakornprathom province by applying to principle of logistic management. Tourism for promotion tourism strategy in 
Nakornprathom province was found that factors affected tourism route management such as increased transportation 
service for tourist to go to many places, to increase tourism channel in province and other travel models such as train, 
tram and boat in attraction place where was comfortable to travel and link with other attraction places in Nakornprathom 
province.

KEYWORDS
Logistics, Tourism, Management, Routing

INTRODUCTION

Tourism was service industry rapid growth. From expected by World Tourism Organization (UNWTO) found 
that tourism industry and world service would grow from year 2009-2010 in 7% and expected it would still grow. Year 
2010 in ASIA and Middle East was most growth in tourism business and service in the world.

Thailand was the popular one in the ASIA region. The tourism industry had created nation income. As a result 
since 1997 Thailand had feature culture and attraction place also there were tourism activities. This one was the factor to 
attract tourist not only in country but also across countries in order to tourism industry had rapid expand furthermore 
currently policy had been encouraged tourism for tourist group in country by government and Ministry of Tourism and 
Sport.

Tourism industry in Thailand was interesting in the world classified by land scope for 3 parts (Christine Kobun, 
2011) were 1) Thailand’s South 2) Central Thailand with metropolis of Bangkok and 3) The emerging tourist destination 
of Northern Thailand which had feature and attraction place in each Nakornprathom province was the one province had 
more potential to tourism management because it had the feature place of history source and religious civilization future 
it was nearby Bangkok where was the tourism and service center of Thailand. This point was competitive advantage of 
tourism to be convenience and fast. Nakorprathom province specified tourism strategy to conservative tourism 
development in order to increase income and amount of tourist and there was tourism development strategy, public 
relation person, marketing and safety included promotion and keeping environment quality but attraction place in 
Nakornprathom had not been distribute to covered all areas due to tourism development in province still concentrate in 
some place only. At Puttamonton district in Nakornprathom province were still found less tourism place and it was 
concerned only some group to promote about tourism strategy in province as a result it was not achieved the target also 
tourism development of each place. It not depended on feature, land scope and tourism promotion activities only. If it 
depended on model and tourism management to create impressed of tourist.

Tourism was industry different with other industry in product and service such as transportation, utility and 
other which changed model to tourism production. Tourism had not fix model always changed all the time by tourist to 
be customer so to create satisfaction for customer in tourism service sector was necessary to management tourist demand 
which was unsustain by referring data system in tourist demand. Transportation and utility mean tourism logistic 
management knowing of tourism logistic system affected plan and tourism management implementation efficiency to be 
able reduce cost and create satisfaction for tourist to attract tourist come back again in next time included to create job 
and income in local. The propose of this research is the studying and factor analysis affected tourism route development 
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to propose local tourism management at Puttamonton district in Nakornprathom province to be system included it was 
utility and choice for tourist.

RESEARCH METHODOLOGY

This study is descriptive research and exploration research.

Research Instrument

Instrument collected data by questionnaire asked the answer question to show his/ her idea. To survey the 
method and the tourism route affected travel factor and recommendation in tourism in route development at Puttamonton 
district in Nakornprathom province.

People and Sampling Group

Sampling to study was tourist at Puttamonton district in Nakornprathom province

Collected data method classified by 3 stages:

1). Stage I – Basic data survey from amount of tourist statistics and the route of cars to Puttamonton district in 
Nakornprathom province.
2). Stage II – At Puttamonton district area in Nakornprathom province to keep data from questionnaire and travel route.
3). Stage III – Collected and survey data summarized and improved implementation.

DATA ANALYSIS

Data analysis from questionnaire by ratio data measurement for 5 levels to collect data to analyst factor affected 
travel by finding average and transform the meaning of population ratio.

Research Result

This research result was separated 3 parts as follow 1. Tourism model analysis of tourist at Puttamonton in 
Nakornpratom province was known model and tourism route which tourists were impressed in there 2). Factor affected 
travel to evaluate tourism route development approach in there.

Tourism route model analysis

1) General data of tourism

General Data Amount Total Percentage Total
Travel routes Puttamonthon Sai 

4 Road
24 60 40 100

Phetkasem Road 18 30
Boromchonnanee 
Road

12 20

Others 6 60 10
Travel vehicle Bus tour 8 13.33 100

Passenger car 8 13.33
Personal car 44 73.33
Others 1 1.67

Travel mile 10-30 mins 21 60 35 100
30 mins-1hr 25 41.67
Greater than 2hrs 14 23.33

Travel period < 1 hr 6 60 11.66 100
1-3 hrs 34 56.67
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> 3 hrs 19 31.67
Amount of
travel place

1 place 19 60 31.67 100

2 places 22 31.67
3 places 17 28.33
> 4 places 1 1.67

From general data survey about tourism of tourist at Puttamonton district in Nakornprathom province were 
found that most tourist used Puttamonton Sai 4 road came to travel there for 40% then Phetkasem road for 30%, 
Boromchonnanee road for 20% and other road such as Puttamonton Sai 2 road, Dontoom road, Aom Yai, and Yang Tod 
for 10%.

The most vehicles used for travel for instead personal car for 73.33% then passenger car and bus for 13.33% and 
other 1.67% respectively.

Tourism period to go to Puttamonton district in Nakornprathom province, the most travel used the time period 
for 30 minutes to 1 hour for 41.67% then 10-30 minutes for 35% and greater than 2 hours for 23.33%.

Tourist used the time period to travel in any place for 1-3 hours for 56.67% then 3 hours for 31.67% and 1 place 
for 31.67%, 3 places for 28.33% and greater than 4 places for 1.67%.

2) Factor affecting tourism

Factors Average Value Amount of idea
Highest High Middle Less Least

1.Confortable travel to 
tourism place

3.75 6
(9.7)

34
(54.8)

19
(30.6)

1
(1.6)

0
(0)

2. Service of staff 3.22 7
(6.5)

37
(19.4)

12
(59.7)

4
(11.3)

0
(0)

3. Environment to travel 3.62 11
(17.7)

18
(29.0)

28
(45.2)

3
(4.8)

0
(0)

4. Introduction travel 
plan from advertising

3.08 5
(8.1)

10
(16.1)

30
(48.4)

15
(24.2)

0
(0)

5. Tourism demand in 
any places in 
Nakornprathom

3.67 10
(3.67)

24
(38.7)

23
(37.1)

2
(3.2)

1
(1.6)

6. Enough tourism route 3.42 5
(8.1)

20
(32.3)

30
(48.4)

5
(8.1)

0
(0)

7. Tourism channel 
development demand

3.88 10
(16.1)

35
(56.5)

13
(21.0)

2
(3.2)

0
(0)

8. Other tourism models 
such as train, tramp, boat

3.80 11
(17.7)

33
(53.2)

9
(14.5)

7
(11.3)

0
(0)

9. Increased shopping 
channel

3.63 7
(11.3)

26
(41.9)

23
(37.1)

4
(6.5)

0
(0)

10. Increased souvenir 
channel

3.60 6
(9.7)

26
(41.9)

26
(41.9)

2
(3.2)

0
(0)

11. Increased tourist 
transportation service to 
other places

3.93 16
(25.8)

25
(40.3)

18
(29.0)

1
(1.6)

0
(0)

From survey factor affected tourism for all 11 factors related tourism found reviewing factors in many sides 
were important to tourism to be good level also found the five first level such as 1) increased transporting tourist service 
to other place average for 3.93, second tourism channel development demand in province average at 3.88, third was other 
tourism model for example electronic train, tram and boat average at 3.80, forth such as attraction place comfortable 
travel average at 3.75 and fifth such as other tourism demand place in Nakornpratom average at 3.67.
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DISCUSSION OF RESEARCH RESULTS

From general data of tourism to show tourist behavior to travel in chosen tourism route at Puttamonton in 
Nakornpratom province. Mostly it was the road by personal car because it was nearby province and there were many 
routes convenient and short time to travel also to travel with in a day.

Tourism stransporting system at Puttamonton district in Nakornpratom province had no mass transportation 
system to support tourist idea increased the channel to go to other tourism place in Nakornpratom province found most 
tourist agreed and recommendation to development transportation system by electric train which was convenient, save 
time and tourism places were not far any more then mass transportation due to there was flexible service by able to go to 
all by pass way for fast and possible. In area had bus which service in only are, it not service for tourist as a result it was 
trouble for tourist chose this travel type also waste time to travel. Travel by boat was still not cover and unable to any 
attraction place but other services such as electronic train or tramp was still high transportation cost in management

Above statement tourist concentrated the factors tourism route management to support tourist convenience and 
to reach tourism places components as follow:

1. Increased transportation service for tourist to other places
2. Development tourism channels in province
3. Other tourism model such as train, tramp and boat
4. Tourism place comfortable to travel
5. Link with other tourism place in Nakorpratom province

From research data found that tourism wanted to many tourism travels and it was convenient included short time 
to travel link with more travel source related with transportation model as Milk Run model by moving management 
model or ring transportation model able to cycle in short lead time and high flexible to transport. It means tourism route 
design had to consider not only models but also travel route for the tourist accessed tourism place easily as a result it was 
satisfaction of tourist to go to Nakornpratom province

SUMMARY

Most tourists wanted to tourism route development to increase transportation tourist service from one to another 
places. It was current no service at the same time tourist still wanted the public relation about tourism attraction place and 
the route to go that places to convenience both of tourist from mass transportation and personal car because some person 
had not know the route and attraction place. Beside tourist wanted the new transportation for instead electric train, 
tourism service car, tram too. The survey result found it increased those services as a result tourist had more 
expenditures, it made more income for service provider in community
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ABSTRACT

This research has objectives to study model and agriculture goods transportation process by survey case study of 
coconut product in Ampawa district, Nakornprathom province to propose agriculture goods transporting development 
model for waste reduction/ damaged of goods from accident by safe driving program which create the benefit to business 
and reduction industry operation cost and knowledge of agriculture goods transportation safety to apply logistic principle. 
The studying result found that factors affected agriculture goods transportation safety such as transportation vehicle of 
40%, worn route of 30% and unskilled the route of 16% from above factors to propose through to promote driving safety 
for agriculture goods by apply logistic principle to increase transportation efficiency and reduced loss cause from product 
transported accident.

KEYWORDS
Road Safety, Logistics Management, Agriculture Goods

INTRODUCTION

Agriculture sector was main product to create income and to be the major economy basic of nation so Thai 
economic situation in first quarter in year 2012 to expanded agriculture sector of 2.8% compared to the previous quarter 
to expand for 1.6%. The cause was from good improvement of agriculture sector (both of plant and animal sector) and 
fishery sector.

Coconut was interesting agriculture goods also being popular more also found that Thailand was the top five of 
coconut export in the world (Jeff Davis, 2007).

From rapidly economic growth there was management model development to support the production sector to 
efficiency and apply to academic principle to integration more particular logistic management principle to increase 
capability since downstream both agriculture and industrial sector of nation. It could reduce loss happened from process 
or production method was not necessary affected production cost capable reduction for entrepreneur included added core 
competency another way reduced waste from system even though academy principle current concerning about logistic 
management to apply but limited in the large industrial sector and exported agriculture sector significantly for 
entrepreneur of middle and small community enterprise still had academy principle different reason such as seeing that 
academy was remote or unable to access significant data source as a result it was to run business like trails and error 
become to waste time and no profit.

Distribution management and delivery to customer of agriculture sector was significant of part process because 
that process related managements approach to keep the quantity products of the lead time to respond customer demand. 
Entrepreneur of community enterprise in middle and small size had transportation management products by truck to 
contain products to customer because it wanted to reduce operation cost by that case of road traffic accident statistics 
source of Office Nation Police in 2004 reported accident of 124,530 cases, all car accident of 196,967 cases found that 
small truck (pickup) was the top three of accident of 34,555 cases, assets were damage from car accident for three level 
were total at 1,632,081,112 Baht beside the case on the road accident for 10 years (1191-2000) found the case traffic 
accident rate a year was high to 28% which was the figure from evaluated economics loss of nation from traffic accident 
in 1993 around 6.965 ten thousand million baht (Piboon Suriwongpaisarn, 2006: 2).
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Important factor was the cause traffic accident composed 4 factors as follow human factor, vehicle factor, road 
condition factor and environment factor. The case of accident would be happened from cofactor more than one factors 
found that human factor had relation with accident most of 95.62% and vehicle factor for 27.50% and a part of factor left 
was road condition factor and environment related for 21.56% (journal public health, 1997) therefore researcher group 
concentrated human factor (driving staff) agriculture goods distributed and transported process by model analysis. 
Problems and barriers of agriculture goods transportation at Ampawa district in Samutsongkarm province and factor 
affected road accident for agriculture goods transportation at Ampawa district in Samutsongkarm province in order to 
design process of agriculture goods transportation safety.

RESEARCH METHODOLOGY

This study is descriptive research and exploration research.

Research Instrument

Collected data instrument had 2 types such as descriptive questionnaire design and in-depth interview. Who 
answer questionnaire could show idea fully in a part of questionnaire was composed by 3 parts as follow:

Part I. General data of transporting driver about agriculture goods transportation was the answer choices and 
fulfill.

Part II. Data of transportation system in the process emphasized the road transportation were choice answer and 
fulfill.

Part III. Problem and barrier of transportation and factors related.

Depth interview by interviewing driver of agriculture goods transportation such as transportation method, 
transportation process and management.

Population and Sampling

Sampling was agriculturist group/ hireling for transported agriculture goods at Ampawa district in 
Samutsongkarm province by depth interview for 50 transported agriculture goods drivers by simple random sampling

Collected Data Method

1. Data study of objectives and scope of study to be review literature and related research.

2. Providing questionnaire draft by 2 specialists and 2 project consultants to consider and check that were 
covered and correct word.

3. Taking 20 questionnaires were used Try-Out.

4. Questionnaire analysis draft were taken the score from checking idea of sampling to find the quality of 
question by software in order to get creditable value of question.

RESEARCH RESULTS

This research result was composed by 3 significant parts such as 1) Analysis agriculture goods transportation 
model to know process and step of agriculture goods transportation in middle and small community enterprise group 
included problem and barrier happened from transportation in currently 2) The cause of accident and solved problem 
approach was evaluated trend and frequency about cause of agriculture goods transportation accident in the present and 
accident solved problem approach which sampling group had been achieve 3) agriculture goods transportation approach 
analysis through recommendation and process design in agriculture goods transportation to be good and safety.
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Agriculture goods transportation model analysis

General data of transportation

General data Amount (person) Total Percentage Total

Driving status Entrepreneur 18 50 36 100

Driving person 18 36

Other 14 28

Transported vehicle Pickup 32 50 64 100

up to 6 wheels 2 4

Other 16 32

Transportation type Agriculture goods 20 50 40 100

processed products 
from coconut 30 60

Average quantity a 
time (kilogram) less than 250 8 50 16 100

250-500 30 60

500-750 6 12

750-1000 0 0

greater than 1000 6 12

From survey general data of agriculturist sampling group who were the owner coconut garden for 50 persons 
about driver status found who were the entrepreneur and driving staff for 36% and other for 28%. Most transportation 
vehicles of 64% were pickup and other vehicle of 32 and 6 wheels truck for 4%. The most products transported were 
processed product from coconut for 60% additional they were agriculture goods the quantity for transportation average of 
60% or 250-500 kilograms and minimum quantity of 250 kilograms or 16% and transporting quantity were during 500-
750 kilogram and greater than 1000 kilogram or 12%.

Transportation Method

Transportation method Amount Percentage
Used truck/ Truck transported goods to destination 30 60
Used side car/ farmer’s struck to destination 8 16
Self receiver 12 24

Totals 50 100

Sampling group had all transportation goods for 3 methods were used pickup or truck transported to destination
of 60% and self receiver of 24% and side car or farmer’s truck to destination of 16%.
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Transport process

Transportation process Amount Percentage
Receiving products order transported 28 56
Providing products transported to destination by employed 14 28
Merchant 4 8
Receiving purchase 4 8
Totals 50 100

From survey about transportation process components receiving products order transported to destination 56%,
providing products transported to destination by hiring transporter of 28% and merchant and receiving purchase of 8%.

Management

Management Amount Percentage
Goods must have good quality and keep in standard 24 48
Checking product before transportation and careful transportation 20 40
Recruit specialist in each part 6 12
Totals 50 100

Agriculturist had management in transportation goods that said goods must have good quality and keep in 
standard of 48%, checking product before transportation and careful transportations of 40% and recruit specialist in each 
part of 12%.

Problems and barrier

Problems and barriers Amount Percentage
Problem from transportation vehicle, weather and fuel 20 40
Route and traffic 16 32
Law of transportation 6 12
Unskilled route 8 16
Totals 50 100

Existing problems and barriers of transportation goods vehicle as using transportation, weather and fuel of 40%, 
route and traffic of 32%, unskilled route of 16% and law of transportation of 12%.

Case and prevention accident

Cause accident experience

Cause accident experience when is transporting Amount Percentage
Never 40 80
1 time 4 8
2 times 2 4
Greater than 2 times 4 8
Totals 50 100

From survey sampling group found who never had experience about accident while transporting used to face 
accident for 1 time and greater than for 2 times of 8% and used to face accident for 2 times of 4%.
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Prevention accident method

Prevention accident method Amount Percentage
Consciousness 12 24
Respect traffic laws 20 40
No phone while driving 14 28
Don’t drive sleepy 4 8
Totals 50 100

When asked prevention accident method found sampling group concerned about respect traffic law of 40%, no 
phone while driving of 28%, consciousness of 24% and don’t drive sleepy for 8%.

Agriculture goods transportation guidance analysis

Agriculture goods transportation guidance analysis was taken proposal process design of agriculture goods 
transportation to quality and safety by analysis process of SWOT analysis related with agriculture goods transportation 
process from sampling group chosen by purposive method. SWOT analysis as follow:

Strengths
- To be place was suitable agriculture goods transportation and processed goods from agriculture.
- To be place was agriculture and natural tourism of province.
- To have distribution through customer more quantity a time and careful transportation.
- Agriculture goods such as coconut, fresh sugar, fruits popular in the market and tourism location.
- Taking local nature raw material processed to agriculture goods caused income for community.

Weaknesses
- No standard to distribute agriculture goods.
- Agriculture goods villager not popular in the market any more.
- No goods distribution management system.
- No transportation management system.

Opportunities
- Distance nearby agriculture goods transportation.
- Some villager had purchaser of agriculture goods as coconut frequently.

Threats
- Transportation routes were damaged become the cause of accident.
- No transportation plan, it become delay to transport to customer.
- Officers had no knowledge any more.

DISCUSSION

From survey data found most sampling groups used truck to transport processed products such as production 
from coconut shell. Most transportation management was transporter to customer by themselves so it was careful to 
driving however, it might be happened goods damage as a result transportation management had no prevention package 
for goods because it was increased transportation cost.

Beside factors affected no safety goods transportation composed of:

1. Old transportation vehicle condition and not optimized to transportation found that small truck resistance 
limited weight. If it was been over weight, it was fast deteriorated and it was become product damaged 

2. The damaged route where the owner goods transported to customer might make the car to fall in pit also it 
was happened accident to driver who was not unskilled route hence driver was not confident to driving and 
waver to change the driving route and it become accident.
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From those factors was some journal data of public health (1997) that significant factors were the cause traffic 
accident happened had 4 factors were human, vehicle, routes and environment factor. The cause of accident would be 
from more than one cofactor. It was found that human factor related with accident most to 95.62% and vehicle factor of 
27.54% in the left factors were route status and environment of 21.56%. Human factor was the significant factor 
sensitively which cause of accident from driving behavior of driver each part of vehicle, road condition environment 
were cofactors with human factor of the cause accident; they were physical factors that they were improved easier than 
human factor.

The factor to promote agriculture goods transportation safety composed process design of transportation to 
optimize by choosing vehicle for goods transportation suitable. It was chosen package which help full potential to good 
transportation more and it could create safety for goods and driver included to choosing and studying the route to good 
transport also it helped driver to be confident and prevent accident by avoid damaged road.

RECOMMENDATION

This research was made survey and special agriculture goods transportation method was make to know factors 
affected driving safety which should have the studying and testing logistic management of transportation management 
procurement been the original one of operation that was the benefit of middle and small entrepreneur included 
agriculturist who had own business administration covered next study that should study about related to factor affected 
agriculture goods transportation and amount of accident happened to arrange priority the significant factors affected 
cause and finding solved problem approach most .
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ABSTRACT

In this research study, the researcher focuses on “The development of tourism route of communities in 
Samutsongkram”. The objectives of this study are: 1) to study tourism route and places in Samutsongkram, 2) to study 
tourists behaviors in Samutsongkram, 3) to study tourists satisfactions in routes, rest places, and tourism places in 
Samutsongkram, and 4) to gather problems and suggestions of tourists toward tourism in samutsongkram. This is a 
survey study that using 400 tourists in sampling as study population. The study uses Non Probability Sampling by using 
Convenience Sampling. It also uses Statistical Package For Social Science for Windows to find out frequency, 
percentages, mean and standard division and Chi-square ( 2) is tools for hypothesis test. The results of this study shows 
that most tourists are female and 20-30 years old. They are single and graduated over bachelor degree. Moreover, most 
samplings work in private companies and earn salary from 20,001-30,000 baht. In case of tourist’s behaviors, they visit 
Samutsongkram province 1-2 times per years with friends (1-5 people) and find the tourism places and accommodation 
on Internet. Car is used the most of Transportation that expenditure is between 1,001-2,000 baht per time. Ampawa 
floating market is the most popular place for tourists.  Generally, tourists have good satisfactions for transportation that 
are not far from Bangkok and easy way to go there. Furthermore, tourism route and facility in Samutsongkram are 
conveniences.   
 

KEYWORDS
Tourism Route, Samutsongkram, Community

INTRODUCTION

Tourism industry is significant source of nation income to development country and to development nation 
competency competitive; moreover, it is provided service industry that rapid growth all continents in the world by the 
different feature from other production products industry due to the customer want to receive service or touch feature 
tourism place in that areas as a result it cannot be replaced or copied. Tourism industry will be encouraged promotion and 
public tourism location in order to create income significantly. Tourism location in Thailand is composed cultural tourist 
attraction, agricultural tourist attraction, ecotourism or natural ecosystem where is island or beach etc. The advantage of 
the feature Thai tourism location from other in the same region is the country had quality tourist attraction, beautiful and 
varieties for example beautiful natural tourism location, conservative of ancient artistry, conservative of ancient places, 
the feature traditional culture, entertain center and service places than other countries. Tourism industry is the significant
economic industry of Thai to rapid growth, the matter that is from growing of that new tourist attraction expanding more 
target market, modern technology development in tourism business administration included investment in utilities and 
service. Samutsongkarm province is the popular one of tourist attraction that tourist go to touch Thai community lifestyle 
to be easy, history source of temples further fruit garden and clean and beautiful river beside Samutsongkarm province is 
announced to be the nation river tourist attraction and it is nearby Bangkok as a result it is the point for tourist who want 
to rest and not take time much to go there.
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Therefore, this research was studied about the tourist attraction road of community in Samutsongkarm province 
by significant level and satisfied level with tourism road to improve and develop also respond to tourist demand most.
The objectives are as follows: 

1. To study about tourist behavior to tourism in Samutsongkarm province
2. To study about significant of tourist to travel
3. To study about satisfied tourist with travel
4. To collect problem and recommendation of tourist to travel in Samutsongkarm province

Concept Scope

LITERATURE REVIEW

Pungpis Boonnarat (2006) studies “satisfaction of tourist with conservative tourism in Samutsongkarm 
province” in order to study satisfaction of tourist with conservation tourism in Samutsongkarm by collected data from 
questionnaire asked tourist to travel and stay overnight in Samutsongkarm of 318 persons. Collection of data sample 
would be used sample selection method as comfortable in stay overnight place where had conservative tourism. Statistics 
was used in this research such as frequency value, percentage, average value and hypothesis testing was used Chi-Square 
test and Paired. From study Sample t-test was found that most tourist were female, single, age during 21-40 years old, 
education level as master degree, revenue during 10,001 – 20,000 Baht and career was government officer in term of 
tourism behavior was found that most respondents were tourists come from central region and took the rest around 1-2
times a year and each time to rest around 1-2 days, the amount of their companion around 2-3 persons per time. By the 
way the popular place to travel was the beach. Most respondents agreed with conservative tourism and most of them 
were known about conservative tourism in Samutsongkarm province by introduce person in the part of traveling in 
Samutsongkarm province by personal car, the most of traveling was the first time and they had around 2-3 members in a 
group per time, tourism expend during 1,001-3,000 Baht, to rest around 2-3 days from comparison with overview of 
expected average value of respondent into conservative tourism generally about the resting place, food, activity, 
souvenirs / gift shop, parking car and real perception average was found that the big picture of expected average value in 
general of conservative tourism of the resting place, food, activity, souvenirs / gift shop less than real perception so 
summary that respondents were less satisfied with real perception about parking car place than expected in the word that 
respondents were not satisfied with parking car place.

Pitiporn Jooprang (2007) studies about “the tourism amp to promote sustain natural activity on Koh Chang area, 
Koh Change sub-district in Trad province” due to study tourist attraction density and tourism activity also the previous 
road analysis of natural tourism at Koh Chang therefore to propose the new road of natural tourism at Koh Chang by 
geographic information system which was the information to use in spatial analysis to help area research where was 
studied such as Tum Bon Koh Chang Tai by tourist attraction density study; moreover, it was used by previous tourism 
road to find information of entrepreneur but in term of creating the new tourism road map expected was used 
questionnaire from sampling group for 20 samplings then getting that result to create the tourism route map also 
evaluated tourist satisfied by questionnaire from 400 samplings after that those data were analyzed by software to find 
the statistics value analysis such as max, min and mean value and standard deviation value. Research result was found 
tourist attraction density and tourism activity that more tourist attraction density in Eastern than Western from 3 to 5 
times because geographical environment and the popular of tourism activity included utilities to serve Thais tourist in 
term of the previous tourism route and tourism activity not expand to other areas. For tourism route and tourist were high 
satisfied with natural tourism activity.

Part I. Demography factor 

- Sex                     - Age 

- Status                 - Education 

- Career                - Revenue 

 

Part II. Buying decision behavior 

- Finding route data and tourism location   

- How many time to go there and rest? 

- How to go there? 

- How many persons in the group to go there 

- What is vehicle to travel? 
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RESEARCH METHODOLOGY

This research was the researcher took descriptive research and survey research to use questionnaire to study 
about tourism route, tourist attraction place and tourist behavior in Samutsongkarm province from sampling group for 
400 copies answer by self administration questionnaire and getting those questionnaire at the that time in order to take 
them to analyst by descriptive research such as frequency value, percentage, average value and standard deviation value.

Population and Sampling Group

Population in this research was emphasized only tourist in Samutsongkarm province another sampling group in 
this research was who had been Samutsongkarm province for 400 samplings.

Research Instrument

Research instrument in this research was questionnaire about development tourism of community in 
Samutsongkarm province classified by 4 parts as follow:

Questionnaire about individual factor of respondents for 6 questions that they could chose only one choice.

Questionnaire about tourism behavior in Samutsongkarm province for 6 questions that respondent could chose 
only one choice.

Question about the level of satisfaction and satisfaction with travel, stop point to rest during travel and tourist 
attraction place for 30 questions which were interval scale question classified by 2 parts as follow 1. Significant level of 
tourism 2. Satisfy level with tourism after found them about reliability value it was equal 0.915.

Collection of Data

Research used questionnaire to collect data by tourist sampling group in Samutsongkarm province. The 
sampling group fulfilled questions by themselves so they were classified by informal interview and to ask their own idea 
in general. Statistics was analyzed by frequency value, percentage, average value, standard deviation value, significant 
level, x2-test, t-test and F-test.

Operation result

The result of average and standard deviation value of expected level and satisfied level of respondent satisfied 
with tourism road in Samutsongkarm province. Tourism in Samutsongkarm province was found that the view of 
respondents had expectation and satisfaction with tourism road in Samutsongkarm province furthermore tourism in 
Samutsongkarm both factors to be high on other word when considered each factor getting the result as follow:
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The satisfaction of tourist 
with tourism route in 

Samutsongkram
Mean S.D. Expectation 

score S.D. Satisfaction 
Score GAP

Tourism route in 
Samutsongkran

1. The road transportation

3.76 .812 High 3.63 .707 High 0.13

2. The quality and quantity of 
road light

3.66 .768

High

3.39 .744 Medium 0.28

3. Traffic

3.77 .848

High

3.28 .738

Medium

0.49

4. Sign

3.77 .865

High

3.32 .763

Medium

0.46

5. Choices of transportation ex. 
Car, Bus, Mini-Bus etc. 3.61 .998

High
3.42 .967

High
0.19

6. The distance among tourism 
places

3.72 .921

High

3.65 .924

High

0.07

7. Mean of tourism in 
Samutsongkram

3.72 .721

High

3.45 .593

High

0.27

1. Expectation value
1.1 Factor of respondents had high expect

The flexible of traffic and to be clear of guide sign convention route had average value of 3.77 then completion 
of tourism road condition had average value of 3.76, the distant during tourist attraction place not far much had average 
value of 3.72, the light on the tourism road had average value of 3.66 and varieties of tourism pattern such as personal 
car, van passenger, bus transport mass passenger had average value of 3.61 respectively.

2. Satisfaction 
2.1. Factor of respondents was high satisfied 

The distant during tourist attraction place not far much had average value 3.65 then completion of tourism road 
condition had average value of 3.63 and varieties of tourism pattern such as personal car, van passenger, bus transport 
mass passenger had average value of 3.42 respectively.

2.2 Factor of respondent was high satisfied 

The light on the tourism road had average value of 3.39, to be clear guide sign convention route had average 
value of 3.32 and the flexible of traffic had average value of 3.32 respectively.
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When considered GAP value was shown the value to improve fast was highest vale to be flexible of traffic 
(GAP = 0.49) then to be clear of guide sign convention route (GAP = 0.46), the light on tourism road (GAP = 0.28), 
varieties of tourism pattern such as personal car, van passenger, bus transport mass passenger etc (GAP = 0.19), 
completion of tourism road condition (GAP = 0.13) and distant during tourist attraction place not far much (GAP = 0.07).

CONCLUSION AND DISCUSSION

From research could summarize that most tourist in Samutsongkarm province was female, age during 20 – 30 
years old, working, single, education level; bachelor degree or higher, they were private company officer, always rest 
with their friend or family on weekend additional Samutsongkarm province was the tourist attraction place where not far 
from Bangkok much and their revenue amount since 10,000 Baht till greater than 40,000 Baht who was quite high 
income so they could pay for tourism expend easy.

When considered tourism pattern in Samutsongkarm province was found that over a half of tourist found the 
tourism data and travel from internet so it was shown that the data source from internet or web site was important to be 
able to access tourist most and other medias such as television or magazine had been lower interested from tourist than 
wireless generation like presently.

The frequency of tourism and rest would go there around 1-2 times a year and the most of them wanted to go 
there with their friend and some part of them wanted to go there with their family. The demography was found that most 
tourists were single so they wanted to go there with their friend to be group in any holiday. The amount of tourist in a 
small group had member around 1-5 persons and almost of them traveled by personal car this information was related 
with the amount of tourist went there by personal car in a small group such as 1 car or 2 cars and expend around 1,001 to 
2,000 Baht a time when saw about income of tourist it could be developed tourist attraction place for tourist turnover in 
Samutsongkarm province more than currently.

The tourist attraction place was interesting by from most tourists. Most of tourism locations were integration 
each natural culture of local community that be able attraction tourist to go there such as Ampawa water market, Romhop 
market or Taka water market etc. Beside, there were any construction places where could be attracted tourist interesting 
such as Ban Leam Temple, Kaiy Ban Koong Temple, Nativity of our Lady Cathedral (Atsana Wihan Mea Phra 
Bangkoet) or Don Hoi Lod etc.

When considered from recommendation about tourist attraction place or tourism road in Samutsongkarm 
province was found that most tourists found the tourist attraction place first then they drove personal car to go there after 
that they found other place nearby to go next and they saw the guide sign convention route or using GPS but there still 
was some tourist group found information through internet to plan before travel to Samutsongkarm province.

From consideration expected value and satisfaction of tourism from Bangkok to Samutsongkarm province. The 
big picture had high expected and satisfied value because the road was completed condition, to be clear guide sign 
convention route, enough light on the road and stop point to rest during tourism such as pump or coffee shop, they were 
been suitable with tourist driving personal car for tourism.

Consideration expected and satisfied value to tourism in Samutsongkarm province, in the big picture had high 
expected and satisfied value because the tourism road in Samutsongkarm province were completed and not far much 
between tourist attraction place but there were some point developed such as low satisfied the guide sign convention 
route than expected value more so related department should improve this point to serve most tourist driving their own 
car.

Consideration expectation and satisfaction to tourist attraction place in Samutsongkarm province, overview had 
high expected and satisfied value in term of beautiful tourism location was high level, it meant that it could be attracted 
by tourist to go to Samutsongkarm continuously and the natural tourism location had high satisfied level too so related 
organization should campaign for tourist and villager or entrepreneur who were around tourism location also prevented 
the natural conservative and joined to cleaning but there were some point improved such as the products price in tourism 
location and entrepreneur should hold the meeting or make to understand to reduce product price in order to optimize 
with current situation 
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RECOMMENDATION

1. The important cause that tourist went to Samutsongkarm province was beautiful and natural of tourist 
attraction place included operation of community related with natural so related department should understand and give 
information to entrepreneur furthermore villager around tourism location to know about benefit of prevention tourism 
location such as cleaning or preventing natural of tourism location in order to prevent it nature at this point was benefit 
not only tourist to see beautiful tourist attraction place but also tourist attraction place still nature and clean covered 
benefit of villager who got the revenue from tourist to go there when tourist attraction place still was a same , tourist has 
gone there.

2. The cause from tourist was low satisfied with product price in tourism location so related department should 
arrange product price to optimize more

3. To improve the light on the tourism road in order to flexible of traffic and the most important was to be clear 
of guide sign convention route in Samutsongkarm province to serve tourist comfortable to travel between tourism 
location.
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ABSTRACT 
 

This paper uses the data envelopment analysis to evaluate both technical and scale efficiency for each bus line 
of Bangkok bus company. The method is helpful to monitor bus line productivities and to explain how bus operator can 
improve its service operations by utilizing input resources. The results shows the performance of bus lines by using  
traditional productivity ratio and the data envelopment analysis, and also indicate how unperformed bus lines can 
improve their technical operations by benchmarking with the best line. 
 
KEYWORDS 
Bus Operator, Performance Evaluation, Data Envelopment Analysis 
 
 

INTRODUCTION 
 

Business performance evaluation can be done using various methods: monetary basis (e.g. an annual financial 
statement, financial ratio), and non-monetary basis (e.g. benchmarking, productivity ratio). Many firms integrate multi-
methods for their performance evaluation to control and improve their organization. Data envelopment analysis (DEA) is 
widely used as an instrument to measure operational performance in numerous industries likewise transportation or 
logistics industry. A number of past research, e.g. logistics performance in manufacturing companies (Volsem and 
Landeghem, 2009), sourcing activity (Joo et al., 2010), 3PL (Min and Joo, 2006), container port (So et al., 2007), airlines 
(Chiou and Chen, 2006; Borros and Peypoch, 2009), intelligent transportation system (Nakanishi and Falcocchio,2004) 
and bus transit service (Kerstens, 1996; Viton, 1996; Karlaftis, 2004 Odeck, 2006; Sheth et al., 2007; Yu and Fan, 2008; 
Iseki, 2010; Barros and Peypoch, 2010; Lao and Liu, 2009; Hirschhausen and Cullmann, 2010; Chiou et al., 2012). DEA 
has been adopted as an instrument to identify the best practice performer among peers and to determine the potential 
resource allocation for improving inefficient decision making units. DEA is applied in the research for a new bus 
operator in Bangkok area. The operator is keen to benchmark between bus lines in order to provide a good transport 
service.  

 
 

LITERATURE REVIEW 
 

The data envelopment analysis is formulated with the production function concept from microeconomics theory. 
The production function assumes that producers operate their output production that maximize their profit from resources 
restriction or minimize their cost of production from allocating their resource production.  However, some producer 
cannot solve their optimal production problem to achieve their objectives with profit maximization or cost minimization 
because of their technique efficiency (TE) from their allocation ability. 

 
DEA is developed from the production frontier for calculating technical efficiency with the non-parametric 

mathematical programming approach. The advantage of  DEA is that it does not require the distribution assumption of 
the inefficiency term and assumption of a functional form to specify the relationship between multi-inputs and outputs 
criteria (Coelli, 1998) and the most important of DEA process relies on variable and model selection (Lin, 2008).  
Farrell (1957) is firstly proposed DEA from the relative productivity concept in which it converts inputs into outputs. It is 
a relative operating efficiency without considering returns to scale.  Latter, DEA has been developed with returns to scale 
because it impacts on the different results of efficiency score in decision making units. Two famous developing models 
on DEA with returns to scale are shown in Figure 1. 
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FIGURE 1 
DATA ENVELOPMENT ANALYSIS CONCEPT 

 
Charnes, Cooper and Rhodes (1978) develop DEA to indicate technical efficiency score of decision making 

units with constant returns to scale because it assumes that the firm operates in a perfect competition market from 
economics market concept. It is well known called “DEA-CCR model” because it is developed by Charnes, Cooper and 
Rhodes (CCR).  
 

Subsequently, Banker, Charnes and Cooper (1984) improve a DEA model called “DEA-BCC model” (namely 
from the developing model group) for some DMUs cannot operate at an optimal scale or it operates in an imperfect 
competition market.  
 

The DEA can be formulated in dual problem (Coelli, 1996) with two different objectives. The minimizing input 
operation objective calculation called “DEA with input-orientation”. In contrast, the maximizing output operation 
objective calculation called “DEA with output-orientation”.  
 

DEA can be calculated amount of inputs or outputs improving from an inefficient unit benchmarking with the 
best practice decision making unit (efficient unit) that it is called “slack analysis”. Slack analysis indicates the surplus of 
input and the slack of output quantity to suggest an inefficient unit to achieve their efficient score. 
 

This study, we apply DEA to assess bus line efficiency in a quarter period with a rigid variable selection process 
in order to reveal bus line inefficient unit and to improve bus line inefficient unit. 
 
 

RESEARCH METHODOLOGY 
 

To overview the work of this study, Figure 2 shows all of process and describes each process in the next section. 
 

FIGURE 2 
PROCESS OF THE STUDY 
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Scope of the Study  
 

The DEA can be calculated in several models. This paper measures an efficiency score both DEA-CCR and 
DEA-BCC model using input orientation approach because we assume that the bus company aims to minimize their 
inputs to achieve their efficient productions in a quarter periods. The DEA model is used for estimating an efficiency 
score in each bus line with input orientation because it cannot capture their market share to achieve their profit/output in 
the short period (quarter period). The bus line efficiency score is estimated by xIDEA software version 2.0 
(www.freedownloadscenter.com).  
 
Data Analysis 

 
The selection of input and output variables are utmost importance to process DEA model. According to Peypoch 

and Barros (2010) summarize variables widely measure an efficient of decision making unit in several transport studies. 
We select two outputs and three inputs into DEA calculation process. The input variable measures by three indicators: 
fuel cost (X1), number of buses (X2) and number of bus drivers (X3). Three inputs are production resources from a 
production function concept (e.g. capital, labor, raw materials). Two outputs are: number of passengers (Y1) and 
operating revenue (Y2) that outputs are selected with reasonable to evaluate bus line abilities both non-monetary and 
monetary basis. 
 
Variables Selection 
 

To ensure variable selection is relevant both inputs and outputs that it is an important process before the DEA 
calculation (Prasunon, 2008;Lin, 2008). Table 1 shows the significant of correlation coefficients between inputs and 
outputs. 

 
TABLE 1 

PEARSON’S CORRELATION COEFFICIENTS AMONG INPUT AND OUTPUT VARIABLE 
 

Variable Outputs   Inputs   

 Revenue Passenger  Fuel cost Driver Bus 
Revenue 1.000      
Passenger 0.985 1.000     
Fuel cost 0.848 0.839  1.000   
Driver 0.878 0.880  0.959 1.000  
Bus 0.890 0.894  0.954 0.997 1.000 

 
 a. All of variable are sig. < 0.05 
 
 Table 1 reveals the inputs and outputs are relevant with the pair of input and output correlation value. The 
correlation results are an important data because DEA core concept is a relative productivity ratio that DEA calculation is 
converted input into output.  
 
Scenario of DEA Calculation 
 

To ensure with the variable sets to process DEA, Various scenarios of variables are set in Table 3 in order to 
validate DEA model with the same data but different variable sets in a model calculation. Three scenarios are fixed all of 
input variables because this study uses DEA by input orientation then it validates output selection in each scenario. 
 

TABLE 2 
SCENARIOS OF OUTPUT SELECTION IN DEA 

 
Scenario Input Output 

Fuel cost Driver Bus Revenue Passenger 
1         - 

2       -   

3           
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We find that the result of three scenarios are consistent with input oriented calculation. Then, this study selects 
the third scenario to describe bus line performance because it shows efficiency score result from non-monetary and 
monetary of output indicator. 

 
RESULTS 

 
Traditional Bus Line Performance Evaluation  
 

In order to investigate the strength bus line between a traditional performance evaluation and data envelopment 
analysis model. This study shows two categories of bus line performance in a quarter period that there are monthly 
operating income and productivity ratio from the traditional performance evaluation and technical efficiency score from 
DEA-CCR and DEA-BCC model. It shows in Table 3. 

 
TABLE 3 

COMPARATIVE TRADITIONAL BUS LINE PERFORMANCE (MEAN) 
 

Route Revenue  Revenue/Kilometer Revenue/Fuel cost 
R1 5,037,000 32.14 1.61 
R2 2,613,400 29.01 1.45 
R3 2,146,400 23.10 1.15 
R4 1,332,600 21.16 1.06 
R5 1,481,200 19.34 0.97 
R6 2,226,350 15.52 0.78 
R7 2,454,100 23.65 1.18 
R8 4,355,800 24.35 1.22 

 
a. Unit of revenue and fuel cost: Baht 

 
 

Table 3 shows the different bus line ranking between revenue volume and two types of productivity ratio. An 
overview perspective, bus line operating performance is measured with revenue volume. Route R1 is the best line 
performer from the highest operating revenue in a quarter period but route R4 is unperformed line.  

 
Two types of productivity ratio that there are the operating revenue per trip distance ratio and the operating 

revenue per fuel cost ratio are revealed. The revenue per trip distance ratio indicates how much the firm can generate 
their revenue per their vehicle running kilometer, it is found that the first ranking is route R1 that it is the best performer 
from bus line capability ranking but the unperformed route is R6 that it is the least productivity rating.  

  
On the other hand, the operating revenue and fuel cost ratio indicates how bus operator can generate their 

incomes to cover their fuel costs because fuel cost is a major cost and an uncontrollable cost. It reveals the same ranking 
with revenue per trip distance ratio that the least is route R6 but the best is route R1. This ratio reveals all bus line have 
the positive value ratio which it means all bus line can generate income to cover their major cost. Two productivity ratios 
reveal the different unperformed line ranking from the operating revenue evaluation but all of measurement tools show 
the same best performer ranking is route R1. 

 
To sum up, the financial report is not enough information to determine the bus line performance because 

ranking results are not consistent in the different measurement tools and they are the fractional measurement tool. 
Therefore, the next section shows the single performance score from the relative ratio with DEA between multi-inputs 
and multi-outputs in a quarter period. 

 
Bus Line with DEA Evaluation  
 

This study calculates bus line efficiency score with two famous DEA model: constant returns to scale (DEA-
CCR model) and variable returns to scale (DEA-BCC model). It calculates the potential input minimization to improve 
bus line inefficient unit, scale efficiency score and the level of returns to scale.  
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FIGURE 3 
BUS LINE PERFORMANCE WITH DEA-CCR MODEL 

  

 
 

FIGURE 4 
BUS LINE PERFORMANCE WITH DEA-BCC MODEL 

 

 
 

Figure 3 reveals the bus line performance with DEA model or the overall bus line efficiency score because it 
calculates with constant returns to scale assumption or it assumes all decision making units operate in a perfect 
competition market. It is found that route R1 is a consistent efficient line in every month; this result is consistent with 
two productivity ratios in the previous session.  

 
Figure 4 shows the DEA with variable returns to scale. It shows four efficient units that there are route R1, route 

R2, route R4 and route R5 in a quarter periods and route R6 is unperformed. 
 

The route R1 is the best practice and route R6 is unperformed from the evaluation both the traditional 
productivity ratio and the data envelopment analysis. Therefore, unperformed bus line can improve its technical 
operations by benchmarking with the best line operations because route R1 is well-performed in various methods that it 
indicates the first rating that it adopts their operations with the technical ability.  
 

This study uses DEA model by input orientation to calculate efficiency score from the set of decision making 
units and data envelopment analysis model can be considered reducing/saving input usage to increasing an efficiency 
score that it is called slack analysis. It can be calculated the amount of input improving to get an efficient score similarly 
with the best practice decision making unit (an efficient unit) that it shows in Table 4. 
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TABLE 4 
PERCENTAGE OF INPUT SURPLUE (MEAN) 

 
Route Reference score  Input surplus percentage 

  (TEBCC) Fuel cost Driver Bus 

R1 100.00% - - - 

R2 100.00% - - - 

R3 94.64% 9.01% 5.36% 5.36% 

R4 100.00% - - - 

R5 100.00% - - - 

R6 61.69% 40.92% 38.31% 38.31% 

R7 84.56% 15.44% 16.56% 16.56% 

R8 84.78% 22.50% 15.22% 15.22% 
 
Slack analysis can be estimated the percentage of input surplus from the reference score by DEA-BCC model 

with input orientation that an amount of input surplus causing some bus line are not efficient units when they compare 
with the best performer. Route R1, R2, R4 and R5 are efficient units while route R6 is the weakness line because it has a 
maximum input surplus percentage. Input surplus percentage reveals the potential input allocation to cut down the 
surplus of input or to determine input saving policy. Slack analysis is useful for the resource allocation to achieve on an 
efficient score as the bus line best practice unit.   
 
 

CONCLUSION 
 

Route-based performance evaluation results show the best performance is route R1 with multi-method 
evaluation while an inefficient set can improve their saving resource/inputs in a short-term strategy with slack analysis. 
The bus operator in this case study can be improved their operational plan for an increasing their outputs from their 
inside out policy by considering both route-based performance evaluation and analytical route operating conditions. 
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ABSTRACT

Wireless network when used with sensor. It will become a wireless  sensor network. In the present wireless 
sensor network have many benefits such as weather station in area without line signal, monitor, and disaster. This article 
is about concept how to use wireless sensor network application in the logistics system. The design of wireless sensor 
networks. Warehouse management system, such as location the container, product humidity check. The concepts of 
wireless sensor networks operate like RFID. Wireless sensor network problem in Actual use.

KEYWORDS
Wireless Sensor Network, Locate, Logistics, IEEE 802.15.4

INTRODUCTION

Now, information technology and data communications is a part of the business. The first phase use software 
standalone to improve accuracy increasing production efficiency in various fields. When data communications 
technology has developed a lot more, telecommunications network can cover a greater area. It makes everything 
operation is more effective. From to first phase use software standalone. Began to link together and share information. 
An example is shown in mobile network coverage areas. The telecommunication has high speed data transmission via 
cellular networks such as 3G, 4G. Of the past we use the data through a cable. This has the advantage that the system is 
stable. But there are some problems in some areas, such as out of data cable service. In areas where cable out of service,
it can be used for data transmission via mobile phone.

The wireless sensor network is new technology that can be used widely. The wireless sensor network 
technology can work with GPS system and with high-speed data transmission through the mobile phone network. The 
core competencies of wireless sensor network, the perception is that the data from each sensor. Wireless sensor network 
are on standard IEEE 805.15.4. The distance of data transmission at 500 - 1500 m depends on the equipment and cable 
used.

If we look in the wireless data communications, we find that we have a Magic eye. That can monitor everything. 
By using the wireless sensor network is the ability to send data. Wireless sensor network has been widely used in various 
fields. Before their application to the logistics system, it is used to work in areas such as military surveillance. 
Observation of the enemy army, agriculture used to monitor moisture. Temperature and volume of gases in the crop, In 
medical to crate personal area network (PAN) for the patient .For doctor monitoring heart rate or the other.

In logistics system, we can be divided into two parts, warehouse management and transportation. We can use 
wireless sensor technology in many applications. For example, in the warehouse management such as use wireless sensor 
network to check the quality of the product inside the packaging, moisture and gases. In the field of transport, it can be 
used to check the position of the car. It is also used as RFID. Wireless sensor technology required to communicate all the 
time. For managing product inventory, especially transport, data communication is as important by starting a plan of the
trip from the direction of travel routes until delivery at destination. 
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LITERATURE REVIEW

2.1 Wireless sensor Network

Wireless Sensor Network (WSN) is a sensor device use for measuring interesting values. And sent data to 
network. At least have a couple of devices. It is called a "wireless sensor network" . But used wireless data transfer from
a sensor only it called "wireless sensor". Wireless sensor network is on standard IEEE 802.15.4. Wireless sensor network 
is currently known as Zigbee, The Zigbee name from a honeycomb appearance .The device in Wireless sensor network 
call node.

2.2. Zigbee Standard

ZigBee / IEEE 802.15.4 [1] [2] [3] is a standard for wireless sensor technology. By design, the use of low 
resources, low power consumption, low cost and the ability to create a network. Currently, there are widespread 
applications. Can creation of a new innovation.

2.3 Zigbee Topology

Zigbee Topology [4][5] Types of nodes is divided into the three types is the coordinator, router and End device. 
To create a wireless network of ZigBee. Would need to have at least two nodes with the coordinator node and sensor 
node that is installed on a router or end device.Wireless sensor network topology can be divided into 3 topologies: Star 
topology (Fig. 1), Cluster Tree topology (Fig. 2) and MESH topology (Fig. 3).

FIGURE 1
STAR TOPOLOGY

Star topology 

Node consists of two types of Coordinator and End Device to the Coordinator node by the network, and End 
Device node to make a connection to the data in a Broadcast Star or to transfer data. Not specific. Every node destination 
or all in the same network can get all the information.

FIGTURE 2
CLUSTER TREE TOPOLOGY
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Cluster Tree topology

Consists of node 3 types Coordinator, End Device and Routers behavior similar to an intermediary in the 
transmission of information. For example  data tranfer from the Coordinator Group A to the End Device in group B, all 
nodes in the area out of signal cover. Will be necessary to send a mediator to assist in the Router Node is helping to 
communicate between to node.
 

FIGURE 3
MESH TOPOLOGY

Mesh topology

It consists of two types of nodes by a Coordinator and Router Node. Every node can  send data .If  data  lost or 
device failure other nodes will  able to use it to send data to another node near . MESH topology are popular. In 
particular, in applications requiring safety. When some of the nodes are destroyed or unavailable. It is also able to 
communicate information.
 

WIRELESS SENSOR NETWORK APPLICATIONS

Military Application

In the military [7][8] Wireless sensor network has been widely used. Used to detect the movements of the 
enemy. Installing the sensor detects motion and heat detectors. To be notified when it is moving through the sensor and 
can also be used to locate the enemy. Wireless sensor network have a lot of installing. When enemy detected. Wireless 
sensor network can be destroyed but not at all because have a lot of wireless sensor network

Security Application

Security System can use wireless sensor network setup to many different locations to measure the movement, 
such as areas with large areas that are difficult to guard. Or place the remnants by the use of a secure. Wireless sensor 
network installed motion sensor placed on the floor when have intrusion the system will alert.

Building monitoring Applications 

When installing the wireless sensor network detects movement of the building. It can be used to monitor the 
physical, structural monitoring of buildings, such as earthquake shaking, the twisting of the building. The data from
monitoring can be creating a data mining to predict a earthquake or disaster in the future. 

Weather Monitoring Applications

 The weather is measured with high accuracy are needed a lot of weather station to coverage areas. But the 
problem is that in some areas, far away from telecommunication networks. No cable. No mobile phone signal. The 
Wireless Sensor Network can solve the problem. The ability of Wireless Sensor Network in create  network. if have a lot 
of devices it make a large network and data communication can operate in long distances. The data from weather station 
can be creating a data mining to predict a disaster or weather in the future.
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Disaster Applications

In a disaster situation, if primary communication system can't use such as telephone, cell phone. Can build a 
data communication network by wireless Sensor Network . May develop into a Wireless sensor network is used for the 
detection of heat to the victims. Including the use of radio control planes. For exploring the area. Which can transmit data 
over long distances using the Wireless Sensor Network.

Agricultural Monitoring 

 One of the most widespread of wireless sensor network. Use in building applications such as monitoring for 
moisture control in the green house or in the crop  such as monitoring temperature, humidity, weather conditions. Can 
plan their crop. It can also be used for monitoring weather in forest, too.

Animal monitoring Applications 

Monitoring the movement of herd to take advantage of the research. In some areas that can't be reached or if 
herd are wild. And to the monitor the relocation. Application of Wireless Sensor Network can be used to track the 
movement of wild herd, such as the relocation can installed Wireless Sensor Network into the ear of the animal.

LOGISTIC APPLICATIONS OF WIRELESS SENSOR NETWORK

Transport

In logistics system have used wireless sensor network to many help. In this section, we will discuss the 
implementation of wireless sensor network used for monitoring products in Container [6] was used to control and 
observe the transport of agricultural products. By put wireless sensor network in same container agricultural products. 
When wireless sensor network that acts as a gateway Receive data from end device node the information was forwarded 
to the Server will be delivered over the Internet. We can be divided into four simple components of the system are as 
follows.

End device node that will be put together with agricultural products.
Coordinator node with Communication device such as 3G dongle or satellite internet link that will be used to 
receive and send data to the Server.
The Server is used to manage the data.
The user interface. Can use through a web browser to display data.

 In the data transmission via the Internet, Inland transport can be used via the mobile phone network (Fig.4), but 
if the sea transport. No coverage is found in the ocean. Communication is one way to do it. Communication via satellite. 
Use of the Internet via satellite (Figure 5).

FIGURE 4
SYSTEM OVERVIEW FOR LAND TRANSPORT
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FIGURE 5
SYSTEM OVERVIEW FOR SEA TRANSPORT

THE CONCEPT WIRELESS SENSOR NETWORK LIKE RFID

Current technology used for the identification of goods is RIFD. By the ability of the spectrum to be used to 
confirm the identity, RFID is used for reading data from a low distance RFID reader and RFID tag. The advantages of 
RFID are small, cheap, and easy to use. However, with the limitation of RFID systems with a low distance despite the 
development of RFID Ultra High Frequency: UHF readers can operate in the range from 1 to 10 meters; it is not enough 
to be used in port and transportation systems.

From the advantages of Wireless sensor network is a high distance from 500 - 1500 meters (depending on the 
device and antenna). Can be applied to work similar RFID technology. RFID can be through your order importance of 
Wireless sensor network in looking for Wireless sensor network node, and use with microcontroller to control the 
transmission of the data used in the identification. We can divide the work into two parts:  Reader and tag.

Reader

Reader is equipped with a Wireless sensor network and the Microcontroller. They have set the device to 
discovery a new wireless sensor network node that serves as the Tag. When you found it, it will hand check to a check 
the accuracy of the information in the identification of wireless sensor network node. This node use a similar reader is
defined as a Coordinator (Fig 6.).

Tag

Tag is equipped with a Wireless sensor network and the Microcontroller. They have set up a wireless sensor 
network node is Router / End Device. In the process of working, when reader found a new node. It send a hand check 
process to verify the information. When the information is complete, tag will be sending information to confirm identity 
(Fig 7.).

Security

 Wireless sensor network Security cannot be forgetful. The transmission of data may be used data encryption 
such as using Public Key and Private Key or Certificate to identify. Cause wireless signal can sniffer for hacker.

The advantage 

High distance data transfer
Wireless sensor network is the property of the distance data transmission device 500 -1500 meters .Depend on 

device. The device can be verified, but from within the Reader and is also able to send information other than identity 
verification information, such as the number of crew etc.
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Can locating vehicle
The location of the vehicle outside the workplace may be used in GPS positioning system. If the vehicle is 

within range of a wireless sensor network can be used to measure the intensity of the signal for a wireless sensor network 
to determine its distance from the other node.

The disadvantage 

 When use wireless sensor network similar a RFID to suitable for operation. It should operation over a range of 
10 meters or more, such as the docking of cargo. When cargo is located near the port where the Tag Reader is a data 
validation and identification. The disadvantage of this approach is. Equipment is expensive. Wireless signal may be 
unstable.

FIGURE 6
FIRST STEP DISCOVERY NODE IN RANGE  

FIGURE 7
SECOND STEP HAND CHECK AND SEND IDENTIFICATION DATA

FUTURE DIRECTIONS

Framework software 

 In the development of applications for wireless networks is known to be found in many devices today can be 
attributed to a known wireless network devices. Even with the standard equipment of the same IEEE 802.15.4 standard, 
but also in terms of software. Used in the system. Are found in many devices might look like in order to develop their 
own systems. Nonstandard. If the development of the equipment may need to change the new instruction. Development 
and dissemination of knowledge is limited. If the Software framework for wireless sensor networks. If can make a 
standard of software development May have led to more and more applications.

High distance data communication  

The key features of the wireless sensor network is ability to transfer data through the wireless network to the 
other node. Which makes it possible to transmit data over long distances. Which is dominated by the wireless sensor 
network. If in the future can be developed to increase high distance  data transfer . It will reduce the number of node.
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Auto Identify Wireless Sensor Network

When use wireless sensor network device to operate. Need to be configuration for each device to match location 
in computer. If you use a lot of wireless sensor network. It need to set all those devices. This is an extremely time-
consuming. Wireless sensor network devices are able to discovery other devices in the radius. And that the intensity of 
the signal as well. Which can be grouped together for the development. For example if you want to install wireless sensor 
network in the 10 container we need to set up each container. If you use the automatic identification. It will grouping in 
same container and  will know wireless sensor network  locate (Figure 8).

FIGURE 8
AUTO IDENTIFY WIRELESS SENSOR NETWORK IN CONTAINER

 

Integrated wireless sensor network 

Wireless sensor network is used by a wide variety of needs. By each model will have different features, such as 
wireless sensor network to be placed in the forest? To explore and collect forest, it is likely to consume low power and 
distance of data transfer is far from being used to transmit data through other nodes, but it has a sensor and sufficient to 
use a wireless sensor network for military might be cheaper and not durable. It requires a tremendous amount, and will be 
found in each of the different features and price. In the future should include the wireless sensor network circuitry that 
can be mounted sensor or devices as needed.

Nano wireless sensor network 

If science has progressed enough in the future, we may be exposed to nano wireless sensor network that is 
smaller than a grain of sand. Or will be made for materials in encapsulated products. And to monitor the quality and even 
the weather can be automated.

CONCLUSION

 Now, wireless sensor networks are widely used. That can be used in their application to a variety of logistics.
and transportation and warehouse management. The monitoring system used in products such as food, while the transport 
of agricultural products. Include chemicals. With the use of the sensor according to the measurements we need. In the 
measurement and monitoring can see in real time.

This article was presented the wireless sensor network in logistics and concept how to use wireless sensor 
network work similar RFID. In the future we will see the wireless sensor network most widely used and many formats 
for logistics field. Now the main task in the logistics, it will check the quality of the product. When have development of 
wireless sensor networks. In the future how to implement wireless sensor network in logistic is easily. It has been used in 
many fields of logistics and support to increase.
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ABSTRACT

The digitization of business-to-business (B2B) information logistics has become an important issue to supply 
networks when trying to increase their performance. The digitization has already been successfully implemented in the 
invoicing processes of many organizations. However, developing other network processes towards the digital 
information logistics mode has become a great challenge. There is a growing need of information about this phenomenon 
but only few studies in scientific literature address it. To answer to this gap, the contribution of this study aims to identify 
and assess the key factors affecting the information logistics development in a B2B network in terms of different 
business processes. The study applies an explorative case study approach with the Delphi method and an internet based 
decision support software as the main data collecting methods. Several identified field experts were used to identify and 
analyze the data in iterative rounds.

KEYWORDS
Information, Logistics, Supply Chain Networks, Performance

INTRODUCTION

The development of the information logistics in the supply network process is often considered the first 
necessary step in the implementation of collaborative B2B processes (Lee et al., 2000, Fawcett et al., 2009). In this, the 
development of telecommunications, and more specifically and recently by utilizing the Internet, is considered one of the 
major boosts to B2B integration. With this development communication and knowledge sharing with supporting tools 
and concepts have increased their importance in supply networks (Alexander, 1985). For example, skills building in IT 
are mentioned as one of the main management concerns (3rd out of 10) in business (Luftman and Kempaiah, 2007).

The benefits of information logistics and B2B integration should not be underestimated. Transformation from 
manually based processes to electronic and automated information logistics have been discussed in only a few studies. 
Perego et al. (2010) studied the benefits of supply network integration (a case of an order-to-payment process) involving 
manufacturers and specialized retailers in the home appliances industry and showed that the potential savings amount to 
up to 80 per cent of the costs, almost equally shared between buyer and seller. Indeed, the development of information 
logistics is considered one of the most essential parts of B2B integration (e.g. Dinter et al., 2010).

In the last two decades, companies have started to improve internal as well as external business process 
integration, in terms of electronic payment, electronic invoicing and even procurement and logistics processes of 
information as a whole. The key focus is on process transparency across the supply network and the main motivation is 
to improve the efficiency; to reduce the handling cost of information and to benefit from real-time information (Hoving 
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el al., 2007). Electronic Invoicing development started during the last decade. Electronic payment and invoicing has 
acted as one of the key components of B2B integration and it is the catalyst to optimize the information logistics in 
procurement and logistic processes (Koch B. 2012). The total volume of invoices in Europe is estimated to be 32 billion, 
compared to 350 billion in the whole world. The estimation of electronic invoicing penetration varies between 18% in 
Europe and 5% in the world (Koch B. 2012). Thus it can be said that the impact of electronic and automated processes is 
huge not only due to its economic aspects but also due to its environmental aspects regarding the whole society. 

FIGURE 1
ILLUSTRATION OF THE DEVELOPMENT OF SUPPLY NETWORK INFORMATION LOGISTICS

As can be seen, the digitization of business-to-business (B2B) information logistics has become an important 
issue to the supply networks when trying to increase their performance. The digitization has already been successfully 
implemented in the invoicing processes of many organizations. However, developing other network processes towards 
the digital information logistics mode has become a great challenge. There is a growing need of information about this 
phenomenon but only a few studies in scientific literature address it. To answer to this gap, the contribution of this study 
aims to identify and assess the key factors affecting the development of information logistics in the supply network in
terms of different business processes. The study applies an explorative case study approach with the Delphi method and 
an internet based decision support software as the main data collecting methods. Several identified field experts were 
used to identify and analyze the data in iterative rounds.

The rest of the study is structured as follows: The second section will briefly present the relevant literature 
regarding information logistics development. Thereafter the third section will present the empirical study with the 
methods used, followed by the empirical results. Finally, we will conclude the paper by presenting the key findings of the 
study.

LITERATURE REVIEW

Information within the supply network has become a vital element for B2B integration, performance and 
successful management implementation (Chen et al., 2011). Information exchange in the supply network refers to the 
extent to which information is communicated between the network partners. To enable dynamic actions and decision-
making, the information exchange and information quality are very important issues for coordination operations within 
the supply networks (Li and Lin, 2006; Fiala, 2004). Most approaches to network information focus on certain user 
groups or processes without discussing the integrated, network-wide information logistics (Dinter et al 2010; Inmon et 
al., 2008; Kimball et al., 2008).  

According to Dinter et al. (2010), information logistics can be defined as “the planning, implementation, and 
control of the entirety of cross unit data flows as well as the storage and provisioning of such data”. Information logistics
should provide value to the whole network not only by benefits but by cost reduction and eliminating risks as well 
(Dinter et al 2010). Information logistics planning supports businesses to achieve strategic goals in the long term by 
harmonizing technical solutions used in short-term business needs. The planning and implementation of information 
logistics requires many stakeholders in different levels of the network. 

Information logistics in a supply network can be understood from the system point of view, meaning that the 
whole network forms an interoperable subsystem where information is exchanged electronically end to end and offering 
the right information at the right time and in the right place and analyzed correctly for people's use (Dinter et al 2010; 



141Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

DeLone W.H and McLean E.R. 1992; DeLone WH. (2003); DeLone WH. (2004). In doing this, ICT is typically 
considered an enabler to (re)design, manage, execute, improve and control business processes both within and between 
organizations (Melao, 2009). However, according to Dinter (2012), companies are no longer primarily concerned with 
establishing analytical IS but rather challenged by continuously operating and further developing these systems according 
to changing business requirements and emerging potentials of IT innovations.

Information logistics in terms of B2B integration includes the improvement of business processes by the use of 
ICT in intranets, extranets and the Internet to conduct business. B2B  integration has been defined by The International 
Centre for Competitive Excellence as ‘‘the integration of key business processes from end user through original suppliers 
that provides products, services, and information that add value for customers and other stakeholders” (Liu j. 2005). B2B 
integration can be understood as collaborations within supply chain partners using ICT in business interaction, which is 
the exchange of a business document over the internet in a business process as part of information logistics.

EMPIRICAL STUDY AND METHODS

The focus in the empirical part of the study is on the supply network between internationally operating 
companies in Finland. The study was conducted as part of the project Virtual Service, which aims to create a process and 
data model to manage an organizational digital business ecosystem. The supply network is significant to the study 
environment and the organizations in question operate in 36 different countries, globally. The informants from the 
organization were selected based on their responsibilities in the organizations and their knowledge of the field. All of the 
informants had extensive knowledge about the business processes and the information they included. 

The research process was conducted in four main steps (Figure 2): (1) A literature review and formulation of 
research support groups by establishing an expert Group and a focus Group, (2) discovering the current state of the art, 
(3) finding the factors hindering information logistics development, and (4) finding and validating key factors affecting 
supply network development.

FIGURE 2
RESEARCH PROCESS

The expert group was formed from experienced representatives of the standardization units in all continents. 
The expert group members represented the state of art knowledge in the information logistics of standardization units: the 
OASIS Universal Business Language (UBL), RosettaNet GS1 and the United Nations Centre for Trade Facilitation and 
Electronic Business (UN/CEFACT), and altogether 8 experts (see Appendix 1).

The focus group was formed from the representatives of the participating companies in the two case supply 
networks. The focus group members represented two focal firms, their key maintenance partners and service suppliers: 7 
industry partners, 6 industry service partners, 4 financial service partners and 2 ICT service partners, and altogether 18 
business managers (see Appendix 1).

The qualitative interviews that comprised the primary method of data collection during the first phase of the 
empirical research identified the relevant factors affecting the information logistics in the different processes in the 
supply network. The qualitative research approach was assumed to facilitate the in-depth and detailed study of the 
phenomenon in its natural settings in a real life context from the perspective of the interviewees. This approach was 
appropriate for the researchers' aim to make sense of the phenomena by interpreting the meanings people attach to them 
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(Yin, 1994). Neither a prior research hypothesis was proposed nor prior assumptions made to allow an open-minded 
exploration of the phenomena (Voss et al. 2002). A discovery-oriented approach was used (Yin, 1984). A natural 
conversational interview style was assumed to allow a natural flow of discussion led by the interviewees. The aim in the 
interviews was to gain a holistic understanding of the logistics of information in different processes in a supply network.

The expert panel discussions supported by internet based group decision support software were conducted. The 
purpose was to gather, verify and analyze data with iterative rounds similar to the Delphi method (see e.g., Norman 1963; 
Fowles, 1978). Delphi as “a method for structuring a group communication process” was considered helpful in that it 
enabled to iteratively facilitate the communication between the focus group members (Linstone, 2011). The panel 
comprised of selected organizations from the studied organizational networks. The panel discussions were facilitated and 
directed by the researchers to allow the systematic progress of the subjects. An overall consensus was reached and the 
results from each round were given to the panelists.  

Key factors in information logistics development

Business information is generated in business processes. The information exchange within organizations is 
designed based on business processes and the information is transferred by using electronic messages. Figure 3 illustrates 
generic information logistics configured for a supply network. The design defines the overall selection of processes and 
how they are related to each other, forming a core process model for B2B integration.

FIGURE 3
A PROCESS MODEL OF INFORMATION LOGISTICS

The current state and the need for the development of information logistics

The first focus group session started by discussion about information exchange based on business processes. 
More precisely, the main question was defined as: “how is value (usually money) exchanged electronically for goods, 
services or information by using electronic payment systems?” The role of electronic invoicing was discussed as an 
exchange of the ownership of products or services and how that is related to payment. It was openly discussed and 
analyzed how electronic payment had changed the whole business model of the banking industry and how electronic 
invoicing is related to payment. The banking industry has had the key motivation to coordinate the information exchange 
in invoicing and payments as a value add service to customers. 

The second step was to analyze and validate the importance of information logistics development on major 
business processes and the current level of information logistics in the processes of electronic invoicing. As a result, the 
importance of digitizing ordering processes were prioritized using a Likert scale (1-7), one being the lowest possible state 
or importance and seven being the best possible state or highest priority for development (see Figure 4). The overall 
interest in digitizing the procurement and logistics processes as a whole was an unexpected result. Even the product 
catalog, meaning electronic product information exchange, was clearly identified as a key priority. An interesting result 
was also the need to organize the working hour information in industry maintenance. The service business is growing and 
service products often include working hour and product information. The focus group was represented by two focal 
multisided large companies and they need to maintain more than 200.000 products in their systems. An electronic catalog 
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will reduce the errors and increase the efficiency of continuous daily updating of product information. An order can be 
placed only based on updated product information.  The rating results can be assessed as a message that the 
representatives understood the development needs for information logistics in a wider scope instead of the earlier
development of single processes like payment and invoicing.

FIGURE 4
RATING THE CURRENT STATE AND THE IMPORTANCE OF INFORMATION 

LOGISTICS DEVELOPMENT IN DIFFERENT PROCESSES OF ELECTRONIC INVOICING

Factors hindering the digitation of the supply network.

The second session with the focus group included open discussion of the situation of information logistics as-is 
in organizations. The representatives had different views as information end users, as intermediates in information 
channeling or as service providers. They used information in different roles as a buyer, seller or value add service 
provider. They had a long experience of working with heterogeneous supply networks represented by many SME´s.

After discussions, the workshop listed the key factors hindering the digitation of the supply network. All 
responses were discussed and rated by all members (a Likert scale of 1 to 7). The rating results are presented in Figure 5. 
The most demanding issue was the lack of a common information model, meaning that there was a wide discussion on 
how to establish a common information model based on global business standards that could be used in the service 
environment of a multisided large company. A second remark on the results is related to the understanding of the benefits 
compared to the costs of investments, especially in a multi-stakeholder environment. Clearly we can also identify these 
as one of the obstacles to having management mechanisms and tools to coordinate information logistics development.
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FIGURE 5
THE RATING RESULTS ON THE HINDERING 

FACTORS IN INFORMATION LOGISTICS DEVELOPMENT

Key factors affecting the supply network

The third session organized with the focus group started by presenting the key factors affecting the information 
logistics development. These factors had been developed based on a literature review and during the discussion and 
interviews of the expert group. The questionnaire presented statements and asked to answer them using a 7-point Likert 
scale. Value 1 on the Likert scale denoted that they have not started the actions required and value 7 denoted that they 
have fulfilled all actions required. The rating results are presented in table 5.

The questionnaire was structured in a way that common business elements and the stakeholder involved could 
be analyzed. The rating results indicate that the readiness and the willingness to find common standards to solve the 
interoperability of information logistics are clearly understood by all stakeholders. 

The following points were discovered as the main findings:
1) Executives at the strategic level understand the value of real-time information but they have not chosen 

the companies for the integration.
2) Business managers understand the importance of real-time information (logistics). The B2B integration 

performance is not measured and communicated.
3) IT experts have been able to design an integration plan. However, the detailed practical implementation 

on the service portfolio level is under development.
4) Process standards are not yet in wide use and there is a big gap in the understanding of common 

standards, which are not understood to speed up integration.
5) Information integration has been outsourced to intermediate services.
6) The lowest scores in the service portfolio explain that real integration has not been planned. We lack a 

list of interoperable services and there are also many testing services that have to be built for data and process testing.
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FIGURE 6
THE RATING RESULTS OF KEY FACTORS AFFECTING INFORMATION LOGISTICS DEVELOPMENT

CONCLUSION

Information logistics development and B2B integration is increasing in importance in many fields of business. 
While the businesses have a clear need to go forward with developing their information exchange, the current literature is 
unable to give answers to the emerging questions. This study contributes in several ways: Firstly, we analyse the present 
state and need for development in different electronic invoicing processes. Secondly, we identify and assess the hindering 
factors in the information logistics development. Finally, we presented the key success factors that should be considered 
in the information logistics development. 

By using a focused sample and one supply network as a research unit, it was possible to test the information 
logistics from a practical perspective and to get in-depth understanding of the phenomena. The results were evaluated by 
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an academic research group together with the practical implementers in the case organizations. The applied Delphi 
method with internet based decision support software worked well for stakeholder participation and contribution.

The purpose was to create common knowledge for information logistics to speed up B2B integration in a supply 
network. Although all participants had a long experience of the topic, they had not had a common platform to discuss 
information logistics in a same forum, from different perspectives; business needs, standardization requirements and 
technology possibilities. There exists fragmented knowledge in each field of research but information needed to be made 
available for common use in a heterogeneous environment in order to support desired actions.

This study has several limitations due to its qualitative and explorative nature, which should be taken into 
account when interpreting the results. However, we hope that the study will raise more discussion on the importance of 
the subject and work as a catalyst for further studies.
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ABSTRACT

The objectives of this study of expectation, satisfaction, and tourist loyalty to the quality service of e-commerce 
of the online tourism enterprises were 1) to study the expectation and satisfaction of tourists in five categories: trust 
ability, service ability, website quality, customer apprehensible, and responsiveness to customers 2) to compare the 
expectation and level of satisfaction of tourists who used the e-commerce online 3) to study the relationship between 
level of satisfaction and tourists’ loyalty. This research utilized both quantitative and qualitative research methods. In 
terms of quantitative method, a questionnaire was used as a tool to collect data from 400 tourists who were using e-
commerce registered with Department of Business Development. Statistic analysis included t-test, Multiple Regression 
Analysis and Stepwise Multiple Regression Analysis. In terms of qualitative analysis, an in-depth interview and content 
analysis were used along with 10 individual management levels of e-commerce enterprises. The results revealed that the 
respondents had higher expectations than their level of satisfaction in all five categories. However, the respondents were 
more satisfied with online e-commerce than without e-commerce service. The demographic factors such as gender and 
age had no influence on the level of satisfaction whereas the demographic factors of education, occupation, and income 
had influenced the level of satisfaction. The test results also indicated that the level of satisfaction from responsiveness to 
tourists had the highest influence on the loyalty of tourists who used e-commerce. The level of satisfaction from 
customer apprehensible had the highest influence on the tourists to recommend others to use e-commerce. Also, the level
of satisfaction from trust ability had the highest influence on tourists to take an actual trip.

KEYWORDS
Quality Service, E-Commerce, Customer, Website

INTRODUCTION

Nowadays, the tourism industry plays an important role in bringing enormous flows of foreign exchange into 
Thailand. Enhancing tourism revenues are one of the vital policies of national development. The Thai tourism policy 
aims to amplify both the number and the spending of domestic and international tourists. Moreover, free trade policies
from the WTO, APEC, and ASEAN mean increasing tourism investment as well as competition at every level (MOTS,
2010).

The evolution of e-commerce has resulted from the worldwide commercial expansion of the internet access
which has directly affected the growth of tourism industry. There are many benefits of adopting e-commerce in the 
tourism industry such as providing updating information and public relations, completing business transaction online, 
tailoring service to fit with individual tourist,  and bringing the global market to local small and medium enterprises 
(Ghandour, 2007; Jennex et al, 2003; Schoder & Madeja, 2004). Moreover, tourists can use the internet as a means to 
effectively search for tourist destinations and to be able to compare different kinds of information such as packaged 
tours, times, special promotions, prices, and quality. 

The 11th National Economic and Social Development 2011-2016 (NESDB) provide a plan to focus on the 
promotion of tourism to enhance and strengthen the national economy and to promote knowledge based society. This 
research paper aimed to contribute to the national plan by focusing a study on the benefits of service quality in tourism 
(Parasuraman, Ziethaml, and Berry, 1985). The service quality is comprised of five categories: trust ability, service 
ability, website quality, customer apprehensible, and responsiveness to customers. In addition, the study also focused on 
the expectation of customers and the level of satisfaction according to the service quality (Parasuraman, Ziethaml, and 
Berry, 1988).
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The objectives of this research were as follows: 1) to study the expectation and satisfaction of tourists in five 
categories: trust ability, service ability, website quality, customer apprehensible, and responsiveness to customers, 2) to
compare the expectation and level of satisfaction of tourists who used the e-commerce online, and 3) to study the 
relationship between the level of satisfaction and tourists’ loyalty.

RESEARCH METHODOLOGY

This is a mixed research between quantitative and qualitative method. For the quantitative method, the content 
validity of the research was tested with Item-Objective Congruence (IOC) and was tested for its reliability by using 
Cronbach Alpha. The data was collected by using a questionnaire for 400 respondents who were tourists. The respondents 
had used e-commerce with the enterprises who registered with the Department of Business and Development. A simple 
random sampling was utilized. For the qualitative method, an in-depth interview and content analysis was conducted with
10 managers from 10 different online e-commerce enterprises. The conceptual framework is shown as follows.

FIGURE 1
CONCEPTUAL FRAMEWORK

THE FINDINGS

The demographic of the 400 respondents revealed that the majority of them were female between the age of 21 -
40 years old. Most of them were married with an undergraduate degree. The majority worked with a private company 
and had income between 30,001 – 50,000 baht per month. The majority used e-commerce online at least one time within 
3 - 6 months. They plan to travel 6 -10 days with the expenses between 30,001 – 50,000 baht. The majority used e-
commerce to search for the travel and tourism information. The main reason for using e-commerce was the ability to 
compare tour information, price, and services. The other findings can be summarized into three categories.

1. Findings that Answered Objective One

The findings revealed that the respondents had expectations from a high mean score to a low mean score as 
follows: trust ability, customer apprehensible, service ability, website quality, and responsiveness to customers. The 
respondents had a level of satisfaction from a high mean score to a low mean score as follows: trust ability, customer

Demographic 
Characteristics

- Gender
- Age
- Marital status
- Level of education
- Occupation
- Income per month

Expectation of The
Service Quality ( ES ) 

- Trust ability
- Service ability
- Website quality
- Customer apprehensible
- Responsiveness to 

customers

Level of satisfaction from 
service quality (SS)

- Trust ability
- Service ability
- Website quality
- Customer apprehensible
- Responsiveness to 

customers

Satisfaction of the 
Service Quality in 
Online Travelling

- ES > SS Unsatisfy 
- ES = SS Satisfy 
- ES < SS High Satisfy

Repetition

Travel Behavior

- Travel time
- Travel expenses
- Travel type
- Travel form
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apprehensible, website quality, service ability, and responsiveness to customers. On average, the respondents had a level 
of satisfaction of 60 percent; however, they wanted to recommend others to use e-commerce only 47 percent.

2. Findings that Answered Objective Two

When comparing the expectation and the level of satisfaction, it was found that the majority of respondents had 
high expectations in all five categories that exceeded their level of satisfaction. The gap between expectation and level of 
satisfaction can be ranked from high to low as follows: service ability, customer apprehensible, trust ability, website 
quality, and responsiveness to customers.

3. Findings that Answer Objective Three

From the demographics, it was found that difference in gender and age had no influence on the level of 
satisfaction. However, the difference in education, occupation, and income had influenced the level of satisfaction. The 
test results also indicated that the level of satisfaction from responsiveness to tourists had the highest influence to the 
tourist loyalty to the use of e-commerce. The level of satisfaction from customer apprehensible had the highest influence 
for the tourists to recommend others to use e-commerce. Also, the level of satisfaction from trust ability had the highest 
influence for tourists to take an actual trip.

DISCUSSION AND CONCLUSION

The findings revealed that the mean scores of the expectation in all categories were lower than the mean scores 
of the level of satisfaction. This implied that customers had high expectations and the e-commerce enterprises need to 
enhance their service quality. One of the reasons may also come from the fact that most of tourist entrepreneurs just 
started to introduce e-commerce service to their customers, therefore, they still lacked experience, lacked an updated 
technology, lacked continuous investment, and lacked support from the government in terms of knowledge and legal 
support. The fact that tourist customers were more satisfied with e-commerce than without indicated that there is a good 
potential future for more customers to accept the business transactions on e-commerce online. 

The demographic factors of education, occupation, and income had high influence the level of satisfaction. This 
can be explained by the fact that the majority of respondents had high education, and their occupation required skills in 
using the computer and internet. This concurred with Kotler (2000) which pointed out that each occupation of a high skill 
level often lead to the different needs and wants in terms of goods and services. Therefore, these customers required the 
sellers to recognize their differences of needs. 

The findings also disclosed that the level of satisfaction in responsiveness to customers or tourists affected e-
commerce quality the most. This also concurred with the Kotler idea (1997) which pointed out that customers’ 
satisfaction often come from the quality of responsiveness received during the interaction with staff. Also, the level of 
satisfaction in customer apprehensible had influenced customers and they were willing to recommend others to use e-
commerce. This idea coincided with the theory of SERQUAL (Parasuraman, Ziethaml, and Berry, 1985) which indicated 
that if the seller had understand customers and was willing to serve them on time and if customers had comfortable 
access to that service, they were more likely to be satisfied with the service and recommend others to use that service.

Trust ability was the factor that affected the customer loyalty the most. This finding concurred with the study of 
Chen et al. (2006) which found that trust and purchase behavior were related. Also, the studies of Bacheldor (2000), 
DeLone and McLean (2004), Hung and McQueen (2004), Li and Zhang (2002), Nah and Davis (2002), Ranganathan and
Ganapathy (2002), Xuan et al. (2007) and Zimmer (2005) all agreed that the satisfaction in website quality was the 
important factor for customers to revisit the website. 
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ABSTRACT

At present, public transportation in Bangkok has been greatly improved and services have also been increased to 
fulfill needs, but citizens do not make full use of them it because they do not know the schedules and routes. This 
research is developed by focusing on buses, BTS and MRT schedules/routes to give the most information to passengers. 
They can choose the way and the routes easily by using A STAR Algorithm of Graph Theory which also shows the fare.
This will help passengers navigate large amounts of information quickly and simply. This Application was evaluated by 
30 normal users to find the mean and standard deviation of the developed system. Results of the evaluation showed that 
system is at a good level of satisfaction (4.46 and 0.53). From these results we can conclude that the system can be used 
properly and effectively according to the objective.

KEYWORDS
A STAR Algorithm, Graph Theory, Shortest Route, Public Transport, Bangkok Metropolitan Area  

INTRODUCTION AND PROBLEM STATEMENT

Nowadays the traffics in Bangkok metropolitan area is very intense and because of the bad traffic, the quality of 
life of the citizen in Bangkok metropolitan area was affected such as the polluted air, time on the road and also the fuel 
and other source of energy. Even though the number of the roads was increased also with the new express ways, the 
Bangkok Metropolitan area’s traffic problem is still unsolved.

So the government and its agencies are tried to create the campaign to support the public transport such as 
increase the numbers of the buses for the BMTA (Bangkok Mass Transit Authority), improve the service quality of the 
public transport and also construct the BTS sky train and MRT Underground train. Unfortunately, those improves still 
cannot create the comfortable life for Bangkok citizen that much as the public transport is still have some difficulties for 
the citizen who do not know the route and schedule of the public transport and Bangkok metropolitan area also have a 
very bad traffic.

This research will give an access of the route and schedule to the citizen who uses the public transportation and 
also suggest the shortest route to the user of this decision support system. This decision support system will give the best 
route to the user in whatever the condition and criteria are and also show the price as well. It will include the bus, sky 
train and underground train. The objective of this study are: 1) to design and create the Public Transport Decision 
Support System by A-Star Algorithm, and 2) to evaluate the user’s satisfaction of the Public Transport Decision Support 
System by A-Star Algorithm

Research Hypothesis

The Public Transport Decision Support System by A-Star Algorithm will be able to operate and received the 
“Good” level of satisfaction from the users.
 

H0: µ 3.51 
H1: µ < 3.51

By assuming, µ = the satisfaction of the users to the Public Transport Decision Support System by A-Star 
Algorithm
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Research Limitation

1. The system will use the A-Star algorithm of the graph theory to find the most shortest route.
2. The waiting time of the user will not count as a time on the process.
3. The system will include the detail of buses, sky train and underground train in the Bangkok metropolitan area.
4. The system will be develop in the “Web Application” which will include

4.1. Decision Support System
4.1.1. Selecting the mode of the transport.
4.1.2. Selecting the shortest route.

4.2. Public Transport Information  
4.2.1. BMTA bus information
4.2.2. BTS sky train information
4.2.3. MRT underground train information
4.2.4. BRT bus Information

5. The tools which use to develop the decision support system
5.1. Hardware

5.1.1. Computer that have CPU 2.8.0 GHz at least
5.1.2. Hard Disk 150 GB at least
5.1.3. RAM 1 GB at least

5.2. Software
5.2.1. Operating system is Windows XP or higher
5.2.2. Use SQL as the database management system
5.2.3. Use the Hypertext Preprocessor, JavaScript, Ajax and jQuery as the development tool
5.2.4. Use Adobe Dreamweaver to create and design the web page
5.2.5. Use Adobe Photoshop CS2 to decorate a web page 

6. Evaluate the decision support system by the Black-Box Testing with 30 normal users.

Definition

Bus (BMTA) [1] is the bus which operates by the BMAT (Bangkok Mass Transit Authority) which is the 
government enterprise under the control of the Ministry of Transportation. It have a mission to manage and organize all 
the bus that operate in the Bangkok metropolitan area and another 5 nearby province which are Nonthaburi, Pathumthani, 
Samut Songkram, Samut Prakarn and Nakorn Pathom. 

Sky Train (BTS) [2] is the public transport sky train which operates by the Bangkok Mass Transit System Public 
Company Limited.

Underground Train (MRT) [3] is the public transport underground train which operates by the Bangkok Metro 
Public Company Limited.

Graph Theory [4] is the structure of the data which use to solve the problems.

A-Star or A* Algorithm [5] is the algorithm that use to find the best route. It was firstly founded by Peter Hart, 
Nils Nilsson and Bertram Raphael in 1968.

Research Value

1. Enhance the quality of the public transportation in Bangkok metropolitan area.
2. Improve the performance of the transport planning
3. Reduce the traffic problem as the citizen will use the public transportation more and the number of the private 

vehicle will reduce.
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LITERATURE REVIEW

In the development of this decision support system, the researcher did the primary research by searching the 
theory, framework and principle which related to this research which are

Graph Theory 

Graph Theory is the study of graphs [6] which are mathematical structures used to model pair wise relations 
between objects from a certain collection. A graph in this context is a collection of vertices or nodes and a collection 
of edges that connect pairs of vertices. A graph may be undirected, meaning that there is no distinction between the two 
vertices associated with each edge, or its edges may be directed from one vertex to another.

Structure of Graph is a nonlinear data structure which is different from the Tree structure. Graph is a set of points 
and set of lines which each of them was linked to the other point or line. The point is called “Node” of graph and the line 
is called “Edge” but sometimes the node is called “Vertice” and the edge is called “Arc”. 

A-Star Search

A-Star is one of the algorithms which normally use to find a shortest route of the problem. It was created by Peter 
Hart, Nils Nilsson and Bertram Raphael in 1968. A-Star has 3 elements which are [7]

1. Heuristic (H) which is the numeric value that affect the decision to pass any node.
2. Cost (C) which is the numeric value that represent the cost, distance, time or whatever value that will determine 

whether the route is appropriate to select or not.
3. Priority (F) which is the sum of “Heuristic” and “Cost” and will be the final value to determine whether the route 

is appropriate or not

Other Literature Review

There was an applied research by using the GIS (Geography Information System) to create the application that 
will support the BMAT call center by Chavanit, 2002. [8] The research was found that the need of the system can be 
separated into 4 needs.

1. The need of the bus number from the start point to the destination point.
2. The need of the bus routing information.
3. The need of the bus number from the start point.
4. The need of the nearest bus stop.

The result was analyzed and created the database by the Arcinfo 8.0 program to improve the user friendly. The 
program was be able to find the bus number from the start point to the destination point, the detail of the bus stop nearby 
which satisfied the user very much.

Cvetanovic et al, 1990, has compared the process of the A-Star in 3 process which are 
1. The process to share the same area between the processing unit.
2. The process of the normal distribution that have the one time distribution.
3. The process of continuous diffusion and have a higher performance than message-passing architecture process. 

Idris, M. et al. (2009), suggested the shortest route finding process, which has an important role in the graph 
theory, can be used in the several ways such as the transportation, data network and etc. Mostly of the shortest route 
finding will let the processing unit suggest the result but it will reduce the overall performance so the researcher 
suggested the FPGA to find the shortest route between 2 points. The FPGA will show the parallel process to reduce the 
calculation process of the shortest route. So A-Start was chosen to be a tool to calculate the shortest route.
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RESEARCH METHODOLOGY

1. Study the principle of the decision support system and graph theory to find the shortest route
2. Study and analyze the problem statement in the research

2.1. Study the problem and analyze the need of the system.
2.2. Study the process of the system
2.3. Study the tool to develop the system

3. Data collecting
4. System design

4.1. Overview design
4.2. Graphic design
4.3. User interface design

5. System development
6. System testing and evaluate
7. Research conclusion

Research Operation

In the development process of the Public Transport Decision Support System by A-Star Algorithm, the 
researcher has divided the research operation into 4 stages.

1. Data Collection Process
2. Analyze and Design Process
3. System Development Process
4. Evaluate Process

Data Collection Process

The data can be sorted in 4 types which are system data, public transport in Bangkok metropolitan area, 
routing data and system development data which can be detailed as:

1. Collect the need from the system and the performance that the user will needed.
2. Collect the public transport information in bangkok metropolitan area from the related government agency.  
3. Study the development of the system and divide the process into 5 stages which are analyze, design, 

develop, testing and evaluation.
4. Study the tool that will be used to develop the system.

   

Analyze and Design Process

1. Define the requirement of the system
1.1. System requirement

1.1.1. CPU speed is 2.8 GHz at least
1.1.2. Hard Disk is 150 GB at least
1.1.3. Operating System is Windows XP or higher
1.1.4. SQL Database management system
1.1.5. Adobe Dreamweaver is installed

1.2. System capability
1.2.1. System development as a web application
1.2.2. The system will be able to show the data to the user
1.2.3. The system will be able to select the shortest route and bus number.
1.2.4. The system will be able to show the information of the public transport. 

2.Structure design and data presentation
2.1. Use Case Diagram will show the activities in the related domain between the activities and the 

relationship of the activities and the others. There will be 2 parties which are the user and the admin. 
There is also 6 sub-functions which are searching and examining route, Route calculation for suggest 
the route, add/remove the data, BTS sky train data expression, MRT underground train data expression 
and BMTA bus data expression as shown in figure 1

FIGURE 1
USE CASE DIAGRAM

2.2. Sequence Diagram which will simulate the overview picture in the system and will describe the process 
of the use case diagram which is searching and examining route, Route calculation for suggest the 
route, add/remove the data, BTS sky train data expression, MRT underground train data expression and 
BMTA bus data expression.

System Development Process

In the development process of the system, the researcher designed the database to collect the data about 
the public transport by using the MySQL database which will use to develop the A-Star algorithm of graph 
theory to calculate the shortest route. The system will be developed by using PHP to create the script and 
connect with the database to develop the program.   

Evaluate Process

In the testing and evaluating process of Public Transport Decision Support System by A* Algorithm, 
the researcher used the alpha testing process to test the system in order to reduce the error of the system. After 
using the alpha testing, the researcher used the black-box testing with 30 normal users and evaluates the system 
then separates the result in 4 aspects.

1. Functional Requirement Test
2. Function Test
3. Usability Test
4. Security Test

In the evaluate process, the researcher has set the range of the score in the evaluation form into 5 range 
as the table 1

TABLE 1
RANGE OF THE SCORE

 

Score Meaning
4.51 – 5.00 The develop system has a very good quality 

3.51 – 4.50 The develop system has a good quality
2.51 – 3.50 The develop system has a moderate quality
1.51 – 2.50 The develop system has a low quality
1.00 – 1.50 The develop system has a very low quality
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FIGURE 1
USE CASE DIAGRAM
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route, add/remove the data, BTS sky train data expression, MRT underground train data expression and 
BMTA bus data expression.

System Development Process

In the development process of the system, the researcher designed the database to collect the data about 
the public transport by using the MySQL database which will use to develop the A-Star algorithm of graph 
theory to calculate the shortest route. The system will be developed by using PHP to create the script and 
connect with the database to develop the program.   

Evaluate Process

In the testing and evaluating process of Public Transport Decision Support System by A* Algorithm, 
the researcher used the alpha testing process to test the system in order to reduce the error of the system. After 
using the alpha testing, the researcher used the black-box testing with 30 normal users and evaluates the system 
then separates the result in 4 aspects.

1. Functional Requirement Test
2. Function Test
3. Usability Test
4. Security Test

In the evaluate process, the researcher has set the range of the score in the evaluation form into 5 range 
as the table 1

TABLE 1
RANGE OF THE SCORE

 

Score Meaning
4.51 – 5.00 The develop system has a very good quality 

3.51 – 4.50 The develop system has a good quality
2.51 – 3.50 The develop system has a moderate quality
1.51 – 2.50 The develop system has a low quality
1.00 – 1.50 The develop system has a very low quality
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5. Statistics tools in analyzing the data

Mean is the sum of the data from the evaluation process and divided by the number of the sample as 
the equation 1

                                                                (1)

Assuming

     =   Mean of the evaluation 

=   Sum of the evaluation result 
   =   Number of the normal user

Standard Deviation is the value which shows how much variation exists from the average as the 
equation 2

        S.D.                                                     (2)

  Assuming
S.D.  =   Standard Deviation

     =   Result of the evaluation
        =   Mean of the evaluation
       =   Number of the normal user

RESEARCH RESULTS

In this part the research will discuss about 2 issues of Public Transport Decision Support System by A* 
Algorithm: A Case Study of Bangkok Metropolitan Area which are the result of system development and result of the 
satisfaction of the user.

Result of system development

The design and development as a web application use PHP language and MySQL as a database management 
system. The main page of the program is shown below as figure 2. And the user interface of the program was shown 
below as figure
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FIGURE 2
MAIN PAGE

 

FIGURE 3
GUI FOR FINDING THE DEVICE IN THE NETWORK
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FIGURE 4
GUI FOR BUS FINDING

FIGURE 5
GUI FOR BUS FINDING WITH CONDITION

FIGURE 6
GUI FOR ROUTE FINDING (ENTER ORIGIN POINT AND DESTINATION POINT)
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FIGURE 7
GUI FOR ROUTE FINDING (ENTER ORIGIN POINT AND DESTINATION POINT)

FIGURE 8
GUI FOR ROUTE FINDING (SHOW THE TRIP DETAIL AND COST)

 

  

Result of the satisfaction of the user

The functional requirement test is the test that will evaluate the developed system is correctly developed and 
how the user satisfies with the decision support system. There are 1 out of 4 that was rated as “Very Good” which is the 
usage of the system. The mean and standard deviation of the usage of the system are 4.65 and 0.48 respectively. The 
other three are rated as “Good” and the mean and standard deviation is as shown in table 2 
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TABLE 2
THE TABLE OF EVALUATION RESULT

List of Evaluation
Result

SD Range

1.  System performance match with the user need 4.31 0.60 Good

2.  Accuracy of the system 4.49 0.51 Good

3. Usage of the system 4.65 0.48 Very Good

4.  Security of the system 4.40 0.51 Good 

Overall 4.46 0.53 Good

 The conclusion of the result evaluation of the system is “Good”. So the result and the hypothesis that Public 
Transport Decision Support System by A* Algorithm is be able to adopt to use in the real world in Bangkok metropolitan 
area.

LIMITATIONS OF THE STUDY

As the research is done and the result was proved to be match with the hypothesis, there are some difficulties in 
developing the public transport decision support system by A* Algorithm which are

1. The public transport decision support system might not select the best route due to the amount of the data is 
massive.

2. The public transport decision support system might take a while to process the result due to the amount of data 
and the limitation of the algorithm.

3. There was not flexible enough in the input of the start and destination point.

RECOMMENDATION

After the evaluation process, the researcher has concluded the suggestions from the researcher and the user to 
enhance the public transport decision support system which is:

1. The public transport decision support system should have more flexibility.
2. The public transport decision support system should have more condition in finding the public transportation.
3. The public transport decision support system should show the distance to the user so the user will be able to make 

a decision by him.
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ABSTRACT 
 
In this study, we consider a single-period two-stage newsboy problem for fashion products. The risk of demand 

uncertainty is reduced when both parties consider revenue sharing and return policies. This paper considers different 
channel strategies by manufacture and retailer under different business environment. Bi-level decisions are considered.  
The objective is to maximize the profit of the manufacturer and retailer.  
 
KEYWORDS 
Inventory, Revenue Sharing, Return Policy, Bi-Level Decisions 
 
 

INTRODUCTION 
 

In recent years, product life cycle has shortened and demand becomes more uncertain. These conditions may 
result in overstocking or shortage for the downstream retailers, and they will affect the profit of the whole supply chain. 
In the long run, the manufacturer and the retailer will lose their competitiveness.  In viewed of this short coming, 
strategic cooperation by equitable sharing contract can be achieved through a win-win strategy for the manufacturer and 
the retailer.  
 

In this paper, we consider two contract strategies such as revenue sharing and return policy. Revenue sharing 
strategy means the supplier motivates the retailer to increase his order quantity with preferential price. After the products 
are sold out, the retailer must return a certain percentage of the profit to the supplier. Because of uncertain demand, 
shortage cost may incur when the demand is greater than the order quantity. This can also be regarded as a risk. Hence, 
shortage cost sharing is relative to the revenue sharing concept. If the seller and the buyer share the shortage cost as well 
as the revenues, they can establish a better partnership.  
 

In this research, we develop a contract strategy using bi-level decision making for stochastic demand 
environments. Manufacturer is the leader and provides its strategy and decision variable to its follower, i.e. the retailer. 
After the retailer responses its decision variable, the manufacturer will use the information to coordinate the strategy. 
 
 

Literature review 
 

Return policy is also called buy back contract and is widely used for short life cycle products. When the product 
sales cycle declines, the manufacturer would provide the retailer a return mechanism for unsold goods. The policy 
mitigates the retailers' overstock to achieve risk pooling.  

 
Wang et al. (2004) analyzed performance of supplier and retailer under consignment contract with revenue 

sharing. Giannoccaro and Pontrandolfo (2004) developed a supply chain contract model based on revenue sharing 
mechanism in three-stage supply chain. Chauhan and Proth (2005) proposed an approach to maximize provider and 
retailer profits by using revenue sharing mechanism. Hou et al. (2009) developed a coordination model between one 
supplier and one retailer under revenue sharing and bargaining.   
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In this case, bi-level programming is used. Bi-level programming regards the model as upper-level (leader) and 
lower-level (follower) decision makers affecting each other. The leader makes plan, and the follower reacts to the plan. 
The decisions are made based on their respective objective function. Colson et al. (2007) applied the bi-level method on 
revenue management and emergency management. Chang (2007) solved a bi-level programming model with Stackelberg 
equilibrium relation and Nash equilibrium between government (leader) and transport companies (follower) by Genetic 
algorithm. Yang et al. (2007) considered a bi-level model with response, production and transport time. The leader 
proposed an optimal response time; the follower then reacts on the production and the transportation time to maximize 
the supply chain profit.  

 
Price is the most significant factor in purchasing behavior from the downstream to the upstream of a supply 

chain. Researches on stochastic demand have been conducted intensively. Emmons and Gilbert (1998) discussed the 
optimal ordering, pricing and return policy with uncertain demand. Petruzzi and Dada (1999) explored the newsboy 
problems and developed a two-level newsboy inventory and pricing model. Lau and Lau (2002) discussed how to 
reduced uncertainty and resolved the newsboy problem with uncertain demand. Taylor (2002) suggested that the 
manufacturers should compare different data of demands to coordinate the supply chain. Granot and Yin (2008) 
suggested the manufacturer can focus on the wholesale price and the retailer can focus on pricing and ordering method in 
newsboy model with uncertain demands.  

 
According to our intensive literature research, there was no research that analyzes contract strategy and 

uncertain demand for different supply chain environments. This research tries to fill the gap in this area.  
 
 

STRATEGIC CONTRACT MODELS 
 

This study extends the revenue sharing model by Qin and Yang (2008) and considers the shortage cost sharing and 
return policy by Leng and Parlar (2010). The Bi-level models were applied to examine results under different business 
environments. In the revenue and shortage cost sharing contract, high sharing rate  of the manufacturer leads to a preferred 
wholesale price for the retailer as a feedback mechanism. In the return policy contract, manufacturers will buy back the 
entire surplus product with price b. This price b follows the condition: rcwb  to avoid double profit. 
We define the following conditions: ]1,0( and )1(s  where p  and s  denotes respectively the sharing rate 
and shortage cost shared by both players in the contract. The flow of the contract is shown in Figure 1. 
 

FIGURE 1 
THE CONTRACT FLOW 

 

 
The manufacturer adopts shortage cost sharing and buy-back mechanism to encourage the retailer to co-operate 

in the revenue sharing contract. Under the cost sharing contract, the unit shortage cost is the unit product retail price 
minus the manufacturing cost plus reputation/goodwill loss (g). The unit shortage cost can be expressed 
as gcps , where 0g . Under the revenue sharing contract, when the manufacturer proposes a high sharing 
rate , he would offer a lower wholesale price 'w  to the retailer as a feedback mechanism. The relationship can be 
expressed as: 

ww )1(' 2                                                   (1) 
Similar feedback mechanism has been used by Qin and Yang (2008). 
 
According to the basic assumptions, the manufacturer’s wholesale price is greater than his manufacturing cost. 

Thus cw' and
w

cw0 . 

Q
Manufacturer Retailer Customer 

c$

p$

)1($s

p$

)(xf

s$
b$

r$

w)1$( 2
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STACKELBERG GAME MODEL 
 

The manufacturer uses backward induction and substitutes the decision variable Q under the retailer’s optimal 
profit to determine the optimal revenue and cost-sharing rate . Thus, the retailer would make the best response after the 
leader’s proposition considering a surplus value r . The models for the manufacturer and the retailer are shown in the 
following:    

 

)()1(
)()()1(

),,(
2

2

QxspQcQwQ
xQrxQbpxcQwQ

xQfM  , Qx  (2) 
, Qx  

))(1()1()1(
)()1()1(

),,(
2

2

QxswQpQ
xQbwQpx

xQfR  
, Qx  

(3) 

 
The manufacturer’s expected profit consists of the wholesale revenue, the manufacturing cost, a part of the 

retailer’s revenue, buyback for surplus products, and shortage cost. It can be expressed as: 

Q

Q

Q

M

dxxFrbspscspwQ

dxxfQxspQcQwQ

dxxfxQrxQbpxcQwQQ

0

2

2

0

2

)()()()1(

)()()1(

)()()()1(),(

     (4) 

The retailer’s expected profit consists of the sales revenue, the wholesale cost, the surplus product and shortage 
cost. This is expressed as: 

Q

R dxxfxQbwQpxQ
0

2 )()()1()1(),(  

Q

dxxfQxswQpQ )())(1()1()1( 2  

Q

dxxFbspspQswQ
0

2 )()1()1()()1()1(   (5) 

Backward induction is used to determine the optimal order quantity that maximizes the retailer’s profit. Taking 
the first and second derivative of R  with respect to Q, one has: 

bsp
spwQF R ))(1(
))(1()1())((

2
*

bsp
spwFQR ))(1(
))(1()1()(

2
1*    (6) 

0)())(1(
)(

2

2

Qfbsp
Q

QR                                 (7) 

Equation (7) should be less than zero to insure the maximization )(QR  since , p, s, b, and )(Qf > 0, we 

simplified the parameter  from equation (7) then )(QR is a concave function when
sp

bsp
.   

Substituting * ( )RQ  from (6) into (4), one has a single decision variable , and 

letting
bsp

spwk
))(1(

))(1()1( 2

 the manufacturer’s expected profit can be remodeled as:   
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Taking the first derivative of (8) with respect to , one has the feasible range of the sharing rate *
, which 

is
sp

bsp
w

cw ,min*0  . 

5. Channel integration model  
   The supply chain's total expected profit is the sum of R  and M . It can be expressed as: 

Q

T dxxFrspsscpQQ
0

)()()(                              (9) 

Taking the first and second derivative of (9) with respect to Q, one has *
TQ , one has: 

rsp
scpQF T )( *  , therefore 

rsp
scpFQT
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(10) 
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2
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Q

QT                                  (11) 

where p, s, r, )(Qf > 0, and sp > r . 
 
 

BI-LEVEL STRUCTURE MODEL 
 

In the Bi-level structure, the manufacturer (upper level) does not know the retailer’s (lower level) response when 
making decisions; however, the retailer’s order quantity would be used to control the optimal sharing rate that results the 
maximum profit. Knowing this information, the retailer would then respond to the manufacturer regarding their optimal 
Q. Continuing this negotiation-like process, a Nash equilibrium will be obtained between the two decision makers. 
However, in reality, the decision maker is often faced with a dilemma, i.e. not all situations are guaranteed to achieve a 
dominant equilibrium strategy. The Nash equilibrium is a sub-level alternative scheme. Each decision maker may not be 
willing to deviate from the current equilibrium. During this negotiation, both parties affect each other’s decisions until 
they achieve their optimal profit. The process flow under a Bi-level structure is presented by Figure 2 
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FIGURE 2 
THE BI-LEVEL PROCESS FLOW STRUCTURE WITH NASH EQUILIBRIUM 

.   

 
 
The objective function of the manufacturer in the Bi-level structure can be modeled as follows: 

 max 
Q
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The objective function of the retailer in the lower level is:   

max 
Q

Q
R dxxFbspspQswQQ

0
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     subject to 0Q                                                (13) 
 
The Bi-level model for the manufacture and the retailer can be modeled as: 

max 
Q

M dxxFrbspscspwQQ
0
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subject to 
sp

bsp
w

cw ,min0  

max 
Q

Q
R dxxFbspspQswQQ

0
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         subject to 0Q                                            (14) 
 
The retailer and the manufacturer obtain the optimal decision through negotiation based on the Nash equilibrium of the 
Bi-level model.    
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CONCLUSION AND FUTURE RESEARCH 
 

This study discusses a contract strategy under different business environments such as Stackelberg game and 
Bi-level structure for a single-period newsboy model. To depict real life business scenarios, the contract strategy adopts 
the revenue/cost sharing, and return policy for different decision-making models in a supply chain. The manufacturer and 
retailer’s profit can be effectively increased when the supply chain achieves channel coordination under the contract 
strategy. Our model also yields the maximum profit allocation; nevertheless, the Stackelberg game is better than the 
Bi-level negotiation. It is obvious that a business environment with known information (Stackelberg game) is better than 
a business environment without known information (Bi-level negotiation). Several possible extensions of this study can 
be conducted for possible research endeavors. Multi-products can be explored in future research instead of single product. 
Multiple-manufacturer or retailers and three-level supply chain model can also be considered to reflect the global supply 
chain environment.  
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ABSTRACT

In the past few decades, due to the growing concern on short-life cycle products and uncertainty of demand,
there have been extensive studies on deteriorating inventory models. Most commodities will deteriorate during storage;
however, not all items start to deteriorate instantaneously when they are in stock. They will remain in its original quality 
or condition for a certain period of time (referred to as expiration date) before starting to deteriorate. This phenomenon is 
known as "non-instantaneous deterioration". This study proposes a non-instantaneous deteriorating items inventory 
model with varying demand and shortage under permissible delay in payment. In a competitive business environment, 
supplier may provide a delay time of payment to retailers. The proposed inventory model consists of a retailer and a 
supplier. The objective is to derive an optimal ordering policy that results in maximum profit for the retailer. Numerical 
example and sensitivity analysis are provided to validate the proposed model and to demonstrate the effect of key 
parameters on the profit.

KEYWORDS
Non-Instantaneous Deteriorating Items, Demand Dependent, Partial Backorder, Delay in Payment

INTRODUCTION

Traditional economic order quantity (EOQ) model assumes indefinite products storage period. However, 
product will decay over time. Wu et al. (2006) showed that products will remain in its original quality for some period of
time before starting to deteriorate; the products are referred as non-instantaneous deteriorating items. Our model also
considers payment delay that will stimulate larger orders from the retailer. We propose a mathematical inventory model 
for non-instantaneous deteriorating items with varying demand, shortage and permissible delay in payment. The rest of 
this paper is organized as follow: section two provides related research to this study. Section three described the 
mathematical model for non-instantaneous deteriorating items inventory. Numerical example and analysis is provided in
section four. Lastly, conclusion and future works is given in section five. 

LITERATURE REVIEW

Deteriorating commodity

Ghare and Schrader (1963) were the first authors to develop inventory model for deteriorating items. Skouri et 
al. (2009) proposed an inventory models with ramp type demand rate, partial backlogging and Weibull deterioration rate.
Liao et al. (2012) determined economic order quantity for deteriorating items with two-storage facilities: owned 
warehouses and rented warehouses. Mahata (2012) studied retailer replenishment policy for deteriorating items under 
delay in payment.
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Non-instantaneous deteriorating items

Wu et al. (2006) stated that non-instantaneous deteriorating items. Ouyang et al. (2006) investigated 
non-instantaneous deteriorating items inventory model under permissible delay in payment. Chang et al. (2010) found
that if items are allowed to be replenished later, non-instantaneous deteriorating item has a correlation with demand and 
inventory level. Maihami and Kamalabadi (2012) found that in a non-instantaneous deteriorating item inventory model,
demanding rate is correlated with time and price.

Delay in payment

Sana and Chaudhuri (2008) stated that the optimal total profits for retailers are obtained when supplier provided
credit period and quantity discount. Chen and Kang (2010) mentioned that cost down allocation between buyer and seller 
is a very important joint venture relationship in supply chain management. Geetha and Uthayakumar (2010) proposed an
economic order quantity model under the conditions of permissible delay in payment with non-instantaneous 
deteriorating items, partial backorder and varying shortage rate. Sarkar (2012) considered the real life case in which 
supplier provided a delay in payments to increase retailers’ orders. 

NON-INSTANTANEOUS DETERIORATING ITEMS INVENTORY MODEL 
WITH VARYING DEMAND, SHORTAGE AND PERMISSIBLE DELAY IN PAYMENT

The basic model assumptions

The assumptions used in the proposed model are: 

(1) We consider the inventory condition with one commodity and a single period
(2) The items have deteriorating characteristics following the exponential distribution
(3) The deteriorating rate consists of two-stages
(4) The replenishment rate is infinite with no lead time
(5) Shortage backordering is allowed
(6) Cost parameters are fixed and constant
(7) A single manufacturer and a single retailer is considered
(8) No quantity discounts
(9) Per unit selling price is greater than the purchase cost per unit (p> c)
(10) Per unit of interest payable is greater than earn interest (Ip> Ie).
(11) Supplier agrees to give a credit period M.

TABLE 1
PARAMETER SYMBOL MEANING

Parameter definition Parameter definition
A The ordering cost/unit td The time period for deterioration equal zero

o The opportunity cost/unit due to lost 
sales t1

The time period of inventory level greater than 
zero

h The inventory holding cost/unit T Replenishment cycle length
d The deterioration cost/unit Q Order quantity
s The shortage cost due to backlog I1(t) Inventory level at time t, t [0 ,td]
c The purchasing cost/unit I2(t) Inventory level at time t, t [td ,t1]
p Price/unit (p c) I3(t) Inventory level at time t, t [t1 ,T]

Deterioration rate I0 The initial maximum inventory level
Partial backorder parameter S Total shortage quantity
Demand rate selling price parameter Ip The interest payable/dollar/unit time (Ip Ie)
Demand rate selling price p parameter Ie The interest earned /dollar/unit time
Demand rate time parameter M Credit period
Demand rate inventory level 
parameter TP(p,t1,T) Total profit/unit time



183Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

        

Model development

The inventory level is divided into three phases: 1) 0 <M < td, 2) td <M <t1, and 3) t <M <T. The supplier gives a
credit period M and retailers benefit from interest earned by the payment deadline, and vice versa.

FIGURE 1
NON-INSTANTANEOUS DETERIORATING ITEMS INVENTORY SYSTEM UNDER DELAYED PAYMENTS
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The model is developed as follows:
Demand rate is formulated as follow:

Partial backorder is given as:

Various stages of the inventory level can be derived as:

(1)

(2)

(3)

The initial values are is the initial maximum 

inventory level. From the marginal conditions , one has:

(4)

From the marginal conditions is given by:
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(5)

From Figure 1, , initial maximum inventory level is:

(6)

Substitute Equation (6) into Equation (4), we obtain

(7)

From the marginal conditions is:,

(8)

If , the maximum shortage quantity, is:

(9)

The unit periodic order quantity

                                                                     (10)

The cost of all items can be derived as:
1. A is the ordering cost
2. HC is the inventory holding cost                           

(11)

3. DC is the deterioration cost

(12)

4. SC is the shortage cost due to backlog              

(13)
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(5)

From Figure 1, , initial maximum inventory level is:

(6)

Substitute Equation (6) into Equation (4), we obtain

(7)

From the marginal conditions is:,

(8)

If , the maximum shortage quantity, is:

(9)

The unit periodic order quantity

                                                                     (10)

The cost of all items can be derived as:
1. A is the ordering cost
2. HC is the inventory holding cost                           

(11)

3. DC is the deterioration cost

(12)

4. SC is the shortage cost due to backlog              

(13)

        

5. OC is the opportunity cost due to lost sales      

(14)

6. PC is the purchase cost                          

                                                                    (15)
7. SR is the sales revenue    

(16)

8. IP is the interest payable

a) : (17)

b) : (18)

c) :                      (19)
9. IE is the interest earned

a) : (20)

b) :            (21)

c) :

       

                                                      (22)
10. TP is the total profit per unit time

Case1: (23)

Case2: (24)
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Case3: (25)

NUMERICAL EXAMPLES

In this section, we provide a numerical example for 3 cases to illustrate how the mathematical model works. Based 
on careful observation, the parameters are set as follow: A = 250, C = 200, H = 40, D = 20, = -0.98, S = 80, O = 120, 

= 0.1, = 0.1, B = 0.8, td = 0.04, M (0 M td) = 0.03, M (td M t1) = 0.07 and M(t1 M T) = 0.10. 

TABLE 2
OPTIMAL SOLUTIONS IN THREE CASES

By substituting the parameter into the model mention in section 3.2, we can calculate .
The result demonstrates that the longer the credit period M, the higher the total profit for the retailers as shown in table 2.

The sensitivity analysis

Case 1 is used as an example. The unit total profit TP is derived using the center values . The sensitive value 

can be calculated based on the following method:

FIGURE 2
SENSITIVITY ANALYSIS OF THE UNIT TIME VS.

TOTAL PROFITS TP VARIATION DIAGRAM FOR CASE 1
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Based on figure 2, we can infer that there are three types of correlation for parameter with total profit TP per 
unit time:

(1) positive correlation : Ie td M
(2) negative correlation: A c h s o Ip
(3) no correlation: d

p t1 T Q TP

Case 1 (0 M td) 413.4514 0.0798 0.1126 18.1075 31776.95

Case 2 (td M t1) 413.0846 0.0851 0.1102 17.7793 31988.35
Case 3 (t1 M T) 412.7988 0.0886 0.1074 17.3842 32188.71

Parameters variance %

TP sensitivity analysis variance

Unit time 

total profit 

variance 

%

VariableCondition
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The impact of various parameters on the unit time total profit TP can be divided into three categories. The 
categories are as follows:

(1) Parameters with high sensitivity parameters ( 15%): c
(2) Parameters with medium sensitivity (5%~15%) none
(3) Parameters with low sensitivity ( 5%): A h d s o Ip Ie td M
Based on the sensitivity analysis, the parameters are the main reasons for the variations in the percentage of the 
total profits TP. In this study, the delay in payment policy reduces financial pressure for retailers as well as earning an
additional interest. For the suppliers, it attracts more retailers and increases theirs’ competitiveness.

CONCLUSION AND FUTURE RESEARCH

Non-instantaneous deteriorating items inventory model proposes two phases of deterioration rate. The model 
considers variation of demand, shortage and the relationship of price, time and inventory levels for a supplier and a s 
retailer. The strategy not only provides more competitive advantages to suppliers, but also interest gain for the retailers;
therefore both suppliers and retailers achieve a win-win situation. This conforms more to real life situation. Further 
research can be extended to consider multi-vendor, multi-retailer inventory model with multi-items.
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ABSTRACT

Each retail stores need to create more promotional events in order to increase sales by attracting more customers 
to the stores. Sales increases from the promotional events are one of the key management successes, however, this always 
create the issues of inventory management. The retail companies spend a large amount of money to invest in marketing 
& promotion campaign. It is very critical for the retailers to make an accurate plan for inventory of the upcoming sales 
events. Accurate demand forecasts are essential for any retailer. With demand forecasts made available to retailers’ 
purchasing and replenishment functions, appropriate inventory levels can be maintained for every item on promotion, 
leading increasing in overall sales. However, the traditional forecasting models employed by marketing scholars are not 
always applicable to forecast the demand during the promotion period since the promotion events create unsystematic 
deviation in the demand pattern. In addition, for the items that are new to the promotion, the retailers will have no 
historical data to support their forecasting demand. This makes the demand of the promotion item particularly difficult to 
forecast. Therefore, Retail Inventory-Level Planning that consists of retail inventory method should be developed. It is an 
accounting procedure whose objectives are to maintain a perpetual. The selection of measurements stems from the need 
to derive retail industrial inventory-level planning measurement. In order to identify retail supply chain costs, cost 
structure needs to be determined in accordance with the decision of delivery or outsourcing made by retailers. Identifying 
which distribution center should be located is done by a method of location analysis. Distribution involves a number of 
activities centered around a physical flow of goods and information. Therefore, the need for more detailed distribution 
planning led to the emergence of distribution requirements planning (DRP). In this paper, the research study introduced
the forecasting techniques that developed in order to exploit the historical demand data from the past promotion events.
The main objectives of the research study are 1) to investigate leading indicators of demand growth (Retailing Rule 
Based Forecasting Model, RRBF) during the promotional period estimated based on pre-established rules; 2) to plan 
retail inventory-level by using RRBF as retail inventory method (RIM), and the cost value of the inventory compared to 
the inventory at retail price levels; and 3) to understand and determine a cost structure of the retail’s supply chain costs

KEYWORDS
Forecasting, Inventory, Retailer, Supply Chain Cost



192 Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

INTRODUCTION

Due to the growth of retail industry in Thailand for the last two decades, the competitions in this industry 
become increasingly intense. Each retail stores need to create more promotional events in order to increase sales by 
attracting more customers to the stores. Sales increases from the promotional events are one of the key management 
successes, however, this always create the issues of inventory management. The retail companies spend a large amount 
of money to invest in marketing & promotion campaign. According to the research by Anderson Consulting estimate that 
15% of promoted volume is lost due to the out of stock (OOS) when out of stock occurs, 20% of customers report leaving 
the stores without purchasing any merchandises (Cooper et al., 1999). If retailers overestimate demand, they are left with 
excess inventory - which means lower overall profitability for these items. Therefore, it is very critical for the retailers to 
make an accurate plan for inventory of the upcoming sales events. Accurate demand forecasts are essential for any 
retailer. With demand forecasts made available to retailers’ purchasing and replenishment functions, appropriate 
inventory levels can be maintained for every item on promotion, leading increasing in overall sales. However, the 
traditional forecasting models employed by marketing scholars are not always applicable to forecast the demand during 
the promotion period since the promotion events create unsystematic deviation in the demand pattern. In addition, for the 
items that are new to the promotion, the retailers will have no historical data to support their forecasting demand. This 
makes the demand of the promotion item particularly difficult to forecast. One of the largest retailers in Thailand reports 
that the errors from their promotional items forecast could vary from 8 to 450% depending on the promotion events.  

Retail Inventory-Level Planning consists of retail inventory method (RIM) which is an accounting procedure 
whose objectives are to maintain a perpetual. It also can book inventory in retail dollars amounts and to maintain records 
that make it possible to determine the cost value of the inventory at any time without taking a physical inventory. Also, it 
is known as book inventory system or perpetual book inventory. Retailers also have another important choice to make the 
stock to sales ratio. The stock to sales ratio is derived directly from the planned inventory to determine monthly additions 
to stock in the merchandise budget plan. Retailers generally think of their inventory at retail price levels rather than at 
cost. Retailers use their initial markups, additional markups, and markdowns, and so forth as percentages of retail. When 
retailers compare their prices to competitors’, they use retail prices. The problem is that when retailers to design their 
financial plans, evaluate performance, and prepare financial statements, they need to know the cost value of their 
inventory. Retailers use physical inventories. This process is time consuming and costly. Retailers take physical 
inventories once or twice a year. As increasingly advanced tools become available, optimal inventory planning is 
becoming not only possible, but essential for retailers.  Even today, many retailers rely on a merchandise planner’s past 
experience and gut feel to determine not only the rate at which a product will sell, but also the rate at which they will buy.
Driven by top-down, growth-focused forecasts, this frequently results in bloated inventory levels and deep discounting to 
move unwanted product. Many retailers use point of sale terminals that keep track of every item sold its original cost, and 
its final selling price. The rest of the retailers face a problem of not knowing the cost value of their inventory at one time. 
These retailers with either computerized or manual systems can use retail inventory method.

Moreover, retailers and vendors in today’s retail market face the unenviable challenge of reducing costs and 
maintaining margins despite falling overall sales and slow-to-recover consumer demand. One of the areas in which 
retailers are pushing back onto vendors to is inventory management, which for vendors too often translates into retail 
partners that reduce overall inventories and require tightened delivery deadlines.  Retailers view the supply chain as one 
of the key places in which costs can be reduced or passed off onto someone else as a means of keeping shareholders 
despite reduced POS sales. Thus, the impetus has fallen to vendors to manage their supply chains more efficiently so that 
the cost-savings being realized by their retailers’ inventory adjustments might trickle down to them. 

In this paper, the research study introduce the forecasting techniques that developed in order to exploit the 
historical demand data from the past promotion events. The goal of our development effort is to use the information as a 
strategic asset in promotional planning process. By identifying some leading indicators, the demand growth during the 
upcoming promotion period can be estimated based on the pre-established rules. Furthermore, this study will also plan 
retail inventory-level by using RRBF as retail inventory method (RIM) and investigate the cost value of the inventory 
compared to the inventory at retail price levels. It is also essential to develop a measure of the retail industrial inventory-
level planning needed for retailers to identify its gap to improve efficiency of their operations. Also, the major challenge 
for the retailers is to reduce supply chain costs. Due to the operating costs of a supply chain are often the easiest numbers 
to point to and the most difficult for IT to address, there are data sources that can be leveraged to reduce costs. The 
specific research objectives are as follows: 1) to investigate leading indicators of demand growth (Retailing Rule Based 
Forecasting Model, RRBF) during the promotional period estimated based on pre-established rules; 2) to plan retail 
inventory-level by using RRBF as retail inventory method (RIM), and the cost value of the inventory compared to the 
inventory at retail price levels; 3) to develop retail industrial inventory-level planning measure based on RRBF and RIM;
and 4) to understand and determine a cost structure of the retail’s supply chain costs
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LITERATURE REVIEW

Forecasting

The forecasting method has been studied for many decades for example combining forecast (Armstrong, 1989; 
Clemen, 1989; Mahmoud, 1989). Combining individual forecasts produce consistent gains in forecasting accuracy 
(Mahmoud, 1989. Also Forecast accuracy can be substantially improved through the combination of multiple individual 
forecasts (Clemen, 1989). Forecasting, Planning and Strategies for the 21st Century are also studied by emphasizing in 
every industry, for example in retail forecasting (Cooper, et al), the tailor forecasting (George, 1992), Fiction forecasting 
(Pohl, 1993), Business forecasting methods (Georgoff and Murdick, 1986), Economist planning (Chimerine, 1988). For 
Economist forecast emphasizes on Cost-effective short-term planning and planning process.  

Chaos Forecasting (Joseph, 1993a; Joseph, 1993b; Modis and Debecker, 1992) is one of the method which  
covers the concepts of prediction, incremental changes and forecasting, complexity growth, disorder, edge transformation, 
non-causal mechanisms, initial conditions, butterfly effect, dissipation, bifurcations, new order development, focused 
coherence, evolutionary changes, and strange attractors. Chaos forecasting methods are in a state of rapid evolution. Most 
Chaos studies, S-growth curve, are performed after a niche is filled and beginning of the growth curve also has 
characteristics of Chaos (Modis and Debecker, 1992).

Forecasting future business sales include spreadsheet forecasting, group meeting, trend analysis, informed 
forecasting, involved forecaster, single plan forecaster, outside opinions forecaster, multiple scenarios forecaster, and 
cause and effect forecasters were studied (Joseph, 1992) and (Makridakis, 1986) stated that Judgmental forecasting as an 
important component for business forecasting. Including a quantitative component reduces forecasting accuracy. Others 
methods and applications include forecasting and promotion planning in TV advertising (Leonard, et al, 1995),
promotion activities on brand sales (Dick, 1987), high-tech products (Bridge, et al., 1995), brand sales patterns are cause 
by various marketing activities (Caruana, 2001), using the assortment forecasting method to enable sales force 
involvement in forecasting (Smaros, et al., 2004).

Inventory

Waller, et al. (2001) stated that various published accounts have described VMI benefits that range from cheaper 
new product introductions to reduced returns at product end-of-life, but the literature often fails to explain just why these 
benefits have resulted from VMI. As with many new management theories, it is sometimes to difficult to distinguish the 
achievable results from the hype, just as it is difficult to determine how these results might be replicated elsewhere. This 
study provided fresh insights into the approach, along with plausible answers to these questions. The author started by 
explaining why savings so often accrue from VMI. We then describe some underlying technologies required to make the 
arrangement work. Next, the research study introduced a simulation model that examines VMI quantitatively in order to 
understand the effects of key variables, and finally addressed several less than ideal conditions often found in consumer 
electronics industry in order to assess the robustness of the approach.

Cachon and Kök (2004) studied the assortment planning problem with multiple merchandise categories. The 
categories interact with each other due to the effects of basket shopping consumers. The author presented a model in 
which a retailer chooses the number of variants to offer in each category and the consumers of multiple categories (i.e., 
basket shoppers) make their store choice between the retail store and an exogenous outside alternative based on their total 
utilities from their shopping basket. They also investigated the interaction of the category variety decisions at the retail 
store under centralized and decentralized management regimes. The common practice of category management is an 
example of a decentralized regime for controlling assortment because each category manager is responsible for 
maximizing his or her assigned category’s profit. The research study showed that category management never finds the 
optimal solution and generally provides less variety than optimal. In a numerical study, it was demonstrated that the 
profit loss due to category management can be significant. The study also provided guidelines on which type of 
categories the retailer should carry and which should have more variety. Finally, the author proposed a decentralized 
regime that uses basket profits, new metric, rather than accounting profits. Basket profits are easily evaluated from 
available data and this method produces near optimal solutions.

Lu, et al. (2005) addressed demand forecasting and inventory management in the presence of censored data. The 
contribution of this paper is to derive an explicit expression of the first derivative function for determining the optimal 
inventory level in each period. This research also shows how increasing the inventory level improves demand forecasting 
and decision making for future periods. It was found that the myopic solution is a lower bound on the optimal inventory 
level that becomes a by-product of the first derivative function. On operational practices, it was proved that the finiteness 
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of the optimal inventory level. The study constructed a general class of heuristics by averaging the lower and upper 
bounds with weights and developed an analytical approach to evaluate the performance of such heuristics.

Hou (2006) proposed the study that derives an inventory model for deteriorating items with stock-dependent 
consumption rate and shortages under in
total cost function is convex. With the convexity, a simple solution algorithm is presented to determine the optimal order 
quantity and the optimal interval of the total cost function. The results are discussed with a numerical example and 
particular cases of the model are discussed in brief. A sensitivity analysis of the optimal solution with respect to the 
parameters of the system is carried out.

PROCEDURE OF PLANNING RETAIL INVENTORY-LEVEL BY 
USING RETAILING RULE BASED FORECASTING MODEL

Rule Based Forecasting Model (RRBF)  

To exploit our leading indicators to estimate the sales growth for the upcoming promotion events, we introduce 
the logical rule that can be used to identify the dynamic pattern of each promotion event. This rule was developed based 
on the logical relationships between the leading indicators and the sales growth that have been examined from the 
historical sales data during the past promotion period. All relevant data used in our analysis was taken data from the 
retailer’s “Data Bank” which keeps all promotion related data. 

From our initial analysis, historical sales data obtained from the past promotion event should be a strong 
indicator of what sales to expect if the same item is put into the same promotion event again. However, for some items 
that have not been in such promotion event before, historical sale data from the items in the same sub-category can also 
be used to indicate the initial growth of sales as we noticed the similar effects from the items in the same sub-category. 
Therefore, it is necessary to incorporate these logical relationships into the retail stores forecast system to be used for 
estimating the sales during the promotion periods. Figure 1 illustrates the applications of our logical rule.  

FIGURE 1
FLOW CHART TO ILLUSTRATE THE APPLICATION OF LOGICAL RULE AT SKU LEVEL
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Basically, if the item plans for upcoming promotions have been put under the same promotion events, historical 
sales data during the promotion period should be a strong indicator of what sales to expect. However, if the item planned 
for upcoming promotion is the new product or has never been put on the same promotion event, consider the historical 
sales data from the same sub-category.  

To estimate the demands (sales) during the upcoming promotion events, we classify the considerations into 
three cases. The reason is for obtaining the forecast demand during the promotion periods. 

Case 1: With historical results and have been using medias: 
1. When the products have been launched through the same medias or promotion mechanics, the normal forecast 

demand would be used directly to represent the forecast demand during the promotion period.  
2. When the products have been launched through the same promotion mechanics but different medias, the 

normal forecast demand would be adjusted by media coefficient. 
3. When the products have been launched through the same media but different promotion mechanic, the normal 

forecast demand is adjusted by promotion co-efficiency. 
4. When the products have been launched through different type of medias and different promotion mechanics, 

the normal forecast demand is adjusted by promotion co-efficiency and media co-efficiency.  

Case 2: With historical results and have not been using medias: When products have never been launched 
through any promotion event, the normal forecast demand would be adjusted promotion co-efficiency and media co-
efficiency. 

Case 3: Without historical results: When new products are planed to promote, the normal forecast demand will 
be taken from average sales of Sub-Category. Average sales of Sub-Category will also be adjusted by promotion co-
efficiency and medias co-efficiency.

Figure 2 Overall Forecasting Methodology

To apply our rule to make a sales forecast, it can be integrated into the current forecasting system by developing 
algorithm in computer programming language, allowing it to be processed automatically. As illustrated in Figure 2, 
however, in reality, this automated system may not be able to notice some obvious signs of forecasting errors and human
judgment is still necessary. Therefore, to increase the forecast accuracy, the human review system procedures should be 
integrated into the current forecasting system. Planning inventory within a retail store is done in different levels such as 
strategic, tactical, and operational. Capacity planning is one level of a whole planning process and has to fit in with 
higher strategies. Planning is continuous and when capacity plans have been finalized for one period, and it moves on to 
consider the next period. Based on the RBF model, the research study proposed a procedure of planning retail inventory-
level as retail inventory method (RIM) illustrated in Figure 3.
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FIGURE 3
PROCEDURE OF PLANNING RETAIL INVENTORY-LEVEL 
USING RETAILING RULE BASED FORECASTING MODEL

Source: Waters (2004). Inventory Control and Management (2 Eds.). West Sussex, England: John Wiley & Sons, Ltd.
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RESEARCH METHODOLOGY

Conceptual Framework

FIGURE 4 
CONCEPTUAL FRAMEWORK

Figure 2 Conceptual Framework of Planning Retail Inventory-Level by 
Using Retailing Rule Based Forecasting Model (RRBF)

Method Selection and Development of Measurements

Measurement tools are used to capture information on whether or not an indicator has been achieved, and to 
what degree. The tools can also be more complicated and the costs may vary greatly. Moreover, some programs may find 
that developing their own tools is the most logical way to measure their effectiveness. Any program, regardless of its size 
or budget should be able to find an appropriate measurement tool or tools. In general, retail industrial inventory-level 
planning is measured in a wide variety of contexts. The motivation for selecting retail industrial inventory-level planning 
measurement tools depends on the requirements for data interpretation, and the context of use. Measurement is a process 
in which the collected data test the hypotheses or theories. In this thesis, the selection and development of retail industrial 
inventory-level planning using rule based forecasting model and retail inventory method is described.

Selection of Measurements

The selection of measurements stems from the need to derive retail industrial inventory-level planning 
measurement. In order to identify retail supply chain costs, cost structure needs to be determined in accordance with the 
decision of delivery or outsourcing made by retailers. Identifying which distribution center should be located is done by 
a method of location analysis. Distribution involves a number of activities centered around a physical flow of goods and 
information. Therefore, the need for more detailed distribution planning led to the emergence of distribution 
requirements planning (DRP). The following measurement tools are intended to indicate an evaluation of retail 
inventory-level planning for this thesis.

Independent 
Variables

Dependent 
Variables

X1 (IV)
Rule Based Forecasting
- Impacts of Promotional Events
- Promotion Mechanics
- Promotion Media
- Degree of Publicity

X2 (IV)
Retail Inventory Method
- Effects on Stock
- Capacity Planning
- Aggregate Planning
- Master Schedules
- Operational Schedules

Y1 (DV)
- Demand Forecasts
- Retail Inventory-Level
- Cost Value of the Inventory

X3 (Mixed IV)
- Cost Structure of Supply Chain

Y2 (DV)
- Retail Supply Chain Costs
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Retail Supply Chain Costs

Several components of the retail supply costs are categorized as follows and shown in Figure 5.
Cost Structure by Category
Compliance cost
Cost Structure by items
Cost Structure by size of product

FIGURE 5
COMPONENTS OF COST STRUCTURE

Retail Supply Chain Costs

Supply chain cost is a discrete measure defined as the fixed and operational costs associated with the Plan, 
Source, Make and Deliver supply chain processes, according to the SCOR mode. This “activity based lite” view of 
supply chain costs takes into account order management (Deliver), material acquisition (Source), inventory carrying 
(Indirect Plan), planning/finance (Plan), and information technology costs (Indirect Enable). Retail supply chain costs 
metrics attempt to segment the cost centers into process based activity. Start with mapping your cost centers from SG&A 
(selling, general and administrative expenses) and COGS (cost of goods sold) should map to one of the Level Three 
metrics, and they add up to get both the sub-totals and totals (see Table 1).

Table 1 Retail Supply Chain Costs based on Activity-Based Costing

Cost Category Cost Sub-Category Amount Percentage
COGS Direct Material Cost

Direct Labor Cost
Indirect Cost

Sub Total                    %

Total Supply
Chain

Management
Cost

Order Management Cost
Customer Service Cost

Finished Goods Warehouse Cost
Outbound Transportation Cost

Contract and Program Management Cost

Retail 
Supply 
Chain 
Cost 

Structure 

Cost 
Structure by 
Category 

Cost 
Structure 
by items 

Cost 
Structure by 

size of 
product 

Compliance 
cost 

Determine 
cost driver of 
each product 

category 

Stores Location / 
Oversea Market 

WH Capacity / Inventory volume 
projection VAS  

WH Location Manufacturer 
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Installation Planning and Execution Cost
Accounts Receivable Cost

Material (Product) Acquisition Cost
Purchasing Cost

Raw Material Warehouse Cost
Supplier Quality Cost 

Component Engineering and Tooling Cost
Inbound Transportation Cost

Accounts Payable Cost
Planning and Finance Cost

Demand Planning Cost
Supply Planning Cost

Supply Chain Finance Control Cost
Inventory Carrying Cost

Opportunity Cost
Obsolescence Cost

Shrinkage Cost
Taxes and Insurance Cost

IT Cost for Supply Chain
Supply Chain Application Cost

IT Operational Cost for Supply Chain
Sub Total                    %

SG&A Cost SG&A Costs

Sub Total                    %

Total              100%

RESULTS AND RECOMMENDATION

This research study provided a tool, The Retailing Rule Based Forecasting Model (RRBF) to help retailers 
improving their forecasting system. Due to the uniqueness environment of the retail business whose item demands are 
highly fluctuated and items availability is very critical, demand forecasting becomes increasingly complicated especially 
during the special events. Many retailers attempt to increase their forecast accuracy in order to improve their customer 
satisfaction, reduce wastes, and increase overall profitability. Therefore, it is very critical for the retailers to make an 
accurate plan for inventory of the upcoming sales events. There is, however, an overall lack of understanding as to how 
this might be achieved and what tools can be used in practice The Retailing Rule Based Forecasting Model (RRBF) 
proposed in this paper, though it still needs to be fully developed and validated, constitutes an important effort to utilize 
the available information as a strategic asset in promotion planning process. For practitioners in retail business, they 
would get better performance of promotion, gain visibility into actual product demand across multiple sales channels, 
promotional events, and media types. To extend the applicability of our tool, additional analysis on other factors that 
might influence the demand during the promotion events need to be conducted. These factors include the duration of the 
promotion period, the level of promotion incentive, variation of prices (VOP), and the location of product display.

An iterative inventory-level planning procedure shown in Figure 3 is anticipated to act as a guideline for 
fulfilling the objectives of planning retail inventory-level by using RRBF as retail inventory method (RIM) and the cost 
value of the inventory compared to the inventory at retail price levels, as well as developing the retail industrial 
inventory-level planning measure based on RRBF and RIM. It is important to note that the research presented in this 
Ph.D. thesis uses several measures in investigating retail industrial inventory-level planning. It is assumed that the 
planning would request information by understanding the underlying relationships between location analysis, distribution 
requirement planning, cost structure, delivery & outsourcing decision, and retail supply chain costs. There are no rules to 
guide measure selection in such measurement. For a measuring instrument of retail supply chain costs, justification was 
also discussed. The selection of specific measure sets should be carefully made, and specific criteria should be 
established. 
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ABSTRACT

This research has objectives as studying about coconut shell warehouse model of community enterprise analysis 
and classified of ABC Analysis theory furthermore studying how to development coconut warehouse. The result from 
studying was found that warehouse problem was raw material warehouse model of community enterprise kind of coconut 
shell then to propose how to develop raw material warehouse model that to optimize business also how to improve new 
coconut warehouse instead of previous one in order to complete most and less moving and time cost.

KEYWORDS
Supply Chain, ABC Analysis, Coconut Shell, Inventory Management

INTRODUCTION

Thailand economic situation had more expand particular agriculture sector was found that in first quarter of year 
2012 agriculture sector expanded to 2.8% compared with the previous quarter to 1.6% which was result from good 
adaptation of agriculture sector (all agriculture goods and cattle) also fishery sector (working group of economic situation 
and society / academy group, 2012). Coconut was interesting agriculture goods and had been more popular consequently 
at the same time found that Thailand was the top five of coconut exporter in the world (Jeff Davis, 2007) beside Thailand 
still had the coconut products for 2.75 million tons further the used proportion could be classified the domestic 
consumption of 60% and industry of 40%, total value for 160 millions baht which had the significant goods such as 
coconut, coconut oil, coconut fiber and coconut milk goods (Information center, Department of International Trade 
Promotion, 2003).

In addition major goods such as coconuts and components of coconuts were consumed and in the part left from 
production for example coconuts shell could be produced in order to increase value added and distributed for increasing 
SME income. In 2009 the value of products and services of community enterprise and SMEs had value of 3,417,860.70 
millions baht or 37.8% of Gross Domestic Product (GDP) and in the same year found that exporting value of products 
and services of SMEs had value 1,589,199.87 millions baht or 32 % of all exporting value.

The people in community at Tumbon Pradoo Temple, Ampawa district in Samutsongkarm province took 
coconuts shell which were abundant from coconut water and coconut meat to proceed, distribute and develop to be the 
decorated products and equipment sold to entrepreneur and interesting person but production and distribution process 
from coconut shell to trade and no sustain production management system as the result it made business less profit and 
high production and distribution cost.

Furthermore current situation has more business competition so entrepreneurs find the method or strategies to 
help their business to able run smoothly. Guidance of supply chain management was interesting and had benefit to apply 
with business in order to reduce cost and increase efficiency more. Production products from coconut shell had high 
expenditure and complicated product also asking more refinement. If all activities unit in supply chain were efficient 
operated, it was the one factor met the target. This research was emphasized analysis and development supply chain of
processed product from coconut shell to make more efficiency and it was the way to reduce production cost and increase 
profit for entrepreneur.
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RESEARCH METHODOLOGY

This study was descriptive research and exploration research.

Research Instruments

Instrument was used to collect data by in-depth interview. The answer person could shown his/ her idea fully by 
interviewing in supply chain structure issue of products included the problem and barrier happened from supply chain 
affected production and distribution products.

Population and Sampling Group

The sampling used in this study was processed producer group from coconut shell at Ampawa district in 
Samutprakarn province by depth interview by sample random sampling.

Collected data method

1). Data from person to implement as follow

Persons who was the coconut shell business owner were been by interviewing plan provided research questions to 
answer the research basically by in-depth interview which were interview provided wide answer.

2). Document data

Document data were read by classifying data group to analysis and synthesis contend from research questions
searched from many sources related with business and production data from coconut shell and research documents 
related.

DATA ANALYSIS

This study was used descriptive research and quantitative data analysis by interpret content by classifying data 
and analysis the research questions.

Research Results

Studying as value chain system for community entrepreneur in case of production group from coconut shell at 
Ampawa district in Samutsongkarm province from objectives of research. The researcher had to show analysis data as 
follow:

1. Problem analysis and the cause of inside supply chain problem of community entrepreneur.
2. Improved and solved problem method were analysis and significant priority of coconut shell warehouse by ABC 

analysis to show the improving new coconut shell model to reduce time of necessary moving.

1.1 Problem analysis and cause of problem

Enterprise studied research that faced problem of inventory management of enterprise group who studies 
entrepreneurs studied about coconut shell were producer group and distributer products from coconut shell. They had 
capacity for 1000 pieces a month. There were product lines greater than 15 items. Enterprise group had variety products 
so it become competitive advantage in market at the same time it was the cause of inventory management control due to 
they faced the moving inventory problem because it was not been collocation of coconut shell model each therefor it 
become high quantity coconut shell were put on the area where was difficult to move in addition it was become waste 
time because they were not put on the convenient area like nearby exit path way.

The previous area pattern of coconut shell

The area coconut shell warehouse in each it was wide area because each kind of them ordered in to stock had 
thousands pieces on the other hand each kind of coconut shell were not used equally in daily hence it often was used put 
more deep inside additional it made waste time to move.
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TABLE 1
COCONUT SHELL WAREHOUSE FOR 5 TYPES

Exit path
Area I. Coconut shell for light
Area II. Coconut shell for mobile
Area III. Coconut shell for bunch of key Path way
Area IV. Coconut shell not been surface 
Area V. Coconut shell been surface

Analysis and priority of coconut shell warehouse by ABC analysis

After collect data about the quantity each of raw material to next step.  Those data were sorted by type and 
important order to control efficiency by ABC Analysis priority of raw material. It was classified significant raw material 
for 3 levels such as level A, B and C also there was principle to consider as follow:

(A group) High value, there normally had products around 10-20 % of all products in term of value around 70-
80% of all products value.

(B group) Middle value, normal inventory in this type had around 30-40% of all products and value of this 
product type approximate 15-20% of all products value.

(C group) Small value was the low price and more percentage of more keeping was quantity of 40-50% and 
value of 5-10% of all products value.

Solved problem approach, raw material warehouse type of coconut shell and classified raw material by ABC 
principle to optimize management raw material level and inventories and more quantity. There were many 
implementations as follow:

1. Calculating raw material quantity in type of each coconut shell a year. This study was data during July 1, 
2012 to September 30, 2012 and finding a unit price of each coconut shell item.

2. Calculating raw material value of each coconut shell item were compared with each of inventory value item 
multiply by each raw material quantity in a year by unit price of that inventories.

3. Priority cumulative percent of raw material quantity type of bag coconut shell and the value of each type 
inventory in step III.

Solved problem approach of inventory management to summary as follow:

Placement of raw material inventory stared from placement plan in order to complete raw material warehouse as 
a result it was minimizing moving expenditure and time also the placement of raw material inventory had 4 objectives as 
follow:

1. Existing areas were most used benefit 
2. Saving labor and moving time
3. Fasting to access inventory and good inventory turnover
4. Preventing raw material

After classify raw material level type of coconut shell as ABC principle. Placement of raw material inventory 
must separated each type and put the same type and the same place in order to convenience and issued of material.

Placement of raw material inventory was necessary to consider the demand of using each raw material item. If 
raw materials had more demand, if often was issued so they should be put nearby the production source due to reduce 
time and labor to move. Therefor ABC must put raw material of coconut shell level A to close exit path, B and C 
respectively.
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RESULTS SUMMARY

This study had objectives of inventory management of coconut shell of community entrepreneur from survey 
and storing data in Tumbon Pra Doo Temple, Ampawa district in Samutsongkarm province was found inventory problem 
as raw material inventory model of community entrepreneur in type of coconut shell and to propose the development of 
raw material inventory model of coconut shell suitable with business included problem happened related to ABC analysis 
theory applied in this research approach. From studying about raw material inventory of entrepreneur and interviewing 
member of community enterprise had solved problem approach by analysis and priority significant coconut shell 
inventory by ABC analysis method to show new coconut shell warehouse model adjusted instead of previous model more 
completely to minimizing time and moving cost. The results of this summary are described below:

This study solved problem approach of raw material warehouse model type of coconut shell because this group 
had greater than 3000 coconut shells. If entrepreneur had more close, it made more waste time and expenditures. 
Therefore, entrepreneur must ready prepare raw material in to all process. Entrepreneur necessary found raw material 
inventory system hence studying person has to propose to classify significant raw material priority followed by ABC 
principle, it was able to find the suitable way for classifying raw material inventory level. Entrepreneur should specify 
policy and implementation approach due to classify raw material inventory type of coconut shell by ABC system as 
follow:

Type A had raw material 2 items, the proportion of 30% of inventory quantity, highest value around 80% of all 
inventory value.

Type B had raw material 1 item, the proportion of 20% of inventory quantity, highest value around 15% of all 
inventory value.

Type C had raw material 3 items, the proportion of 50% of inventory quantity, highest value around 5% of all 
inventory value.

Inventory raw material placement would be stared placement plan to complete raw material warehouse by 
minimizing time and moving expenditure after classify raw material inventory type of coconut shell followed ABC 
principle. Normally, placement raw material inventory was classified any types not mixture in order to be convenience 
and issued also to consider other factors. Placement raw material was more necessary to consider when issued raw 
material demand in each items. If any raw materials had been more demand, they must often be ordered and issued so 
they should be put closely production source due to reduce time and moving labor therefore from classified raw material 
inventory by ABC then they must be put in inventory type of coconut shell. Level A must be put nearby exit pathway and 
production source next to B and C respectively.

DISCUSSION

From studying raw material inventory management a case study; community enterprise and finding solved 
problem improvement approach happened found that entrepreneur still had no inventory management system concept 
used in all warehouse system, raw material inventory control placement but there was able good applied raw material 
inventory management concept and raw material layout

Studying raw material inventory warehouse case study: community enterprise. This study was taken by product 
classify concept followed ABC system found classified type of raw material inventory. This entrepreneur who had 
concept related to studying as improvement inventory system of raw material chosen product separated method by ABC 
system. Starting by classified priority significant type of raw material of quality and value in each item components for 3 
groups were type A was raw material to be high value in a year from all raw material inventories. Raw material type B 
had medium to be high value in a year. Raw material type C had less value but there were high raw material quantity 
from more all raw material inventories a year to emphasize products warehouse because it was high activity cost 
happened in inventory, raw material of entrepreneur classified for 3 groups by suitable environment to sustain specify 
placement products warehouse and placement product of stack to calculate areas demand for all products warehouse and 
warehouse layout to analyst the warehouse efficiency there was specification to count products by selection model of 
improvement found that warehouse had more efficiency accuracy to more recode from 22% to 55% and comparison with
world efficiency level. Activities had step up after improvement such as warehouse system and production warehouse 
position.
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RECOMMENDATION

1. Entrepreneur should have data analysis to issued raw material inventory type of coconut shell to review and 
finding the significant raw material inventory level in each type and specified raw material inventory quantity to storing 
efficiency.

2. Group should hold training about raw material management and inventory warehouse for member understood 
and applied to be more benefit next.
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ABSTRACT

The objective of this research is to design and develop a prototype of key performance indicator system this is 
suitable for warehouse management in a case study and use requirement. In this study, we design a prototype of key 
performance indicator system (KPIs) for warehouse case study of furniture business by methodology in step of identify 
scope of the research and study related papers, gather necessary data and users requirement, develop key performance 
indicator base on balance scorecard, design pro and data base for key performance indicator, coding the program and set 
relationship of database and finally testing and debugging each module. This study use Balance Scorecard (BSC) for 
selecting and grouping key performance indicator. The system developed by using Microsoft SQL Server 2005 is used to 
create the system database. In regard to visual-programming language, Microsoft Visual C# 2005 is chosen as the 
graphic user interface development tool. This system consists of six main menus: menu login, menu main data, menu 
financial perspective, menu customer perspective, menu internal, and menu learning and growth perspective. Each menu 
consists of key performance indicator form. Each form contains a data import section, a data input section, a data 
searches – edit section, and a report section. The system generates outputs in 5 main reports, the KPI detail reports, KPI 
summary report, benchmarking summary report and benchmarking graph report. The user will select the condition of the 
report and period time. As the system has been developed and tested, discovers that it is one of the way to judging the 
extent to warehouse objectives had been achieved. Moreover, it encourages the warehouse functional proceed with more 
efficiency. In order to be useful propose for other industries, can adjust this system appropriately. To increase the 
usefulness of the key performance indicator system, the recommendations for further development are as follows: 1) the 
warehouse should review the target value and set the better suitable target periodically under the situation fluctuated in 
the future, 2) the warehouse should review the key performance indicator and set the better suitable key performance 
indicators periodically under the situation fluctuated in the future for increasing competitiveness and take advantage of 
new opportunities, and 3) the warehouse should improve the benchmarking method by competitive benchmarking 
method, industry benchmarking method, or generic benchmarking method for increasing competitiveness and taking 
advantage of new opportunities.

KEYWORDS
Key Performance Indicator, Warehouse Management, Warehouse Operation, Logistics Management

INTRODUCTION

The warehouse is very important to social, economic and also country development.  It is the first link between 
the producers and the customers.  The warehouse function is to keep the rare materials, industrial goods and finished 
goods; the warehouse is also used to distribute the goods.  The result is that there will not be too many or a lack of goods 
in the market at one time.  The benefits of the warehouse are to reduce transportation costs and manufacturing capital and 
serve customers conveniently and comfortably.

Business with high competition and uncertain economy forces the organizations to adapt and develop business 
process such as quality of product and service, quality of delivery, unit cost of product.  Organizations must respond to 
customers’ needs.  Organizations can increase their competitive chance if they always evaluate their capabilities and 
develop organized process in line with organization policy.  Presently, there are many tools for organized evaluation such 
as benchmarking, balance scorecard and key performance indicator.  Those tools increase effectiveness and efficiency of 
process evaluation.
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From studying the warehouse of case study, there is being faced with the problem of quality of received goods, 
ineffective storage bin utilization, ineffective warehouse operations etc.  At the present, warehouse case study lacks for 
the tools of evaluate and improve their performance in order to be competitive and satisfy their customers’ requirement. 

OBJECTIVE OF THE RESEARCH

The objective of this research is to design and develop a prototype of key performance indicator system that is 
suitable for warehouse management in a case study and user requirements.

Scope of Work

The scopes of the research to studied are as follow:

1. To study the current key performance indicators which are used at the warehouse case study.

2. To study only finished goods zone.

3. To study and analyze the current information flow process at the warehouse case study starting from the 
receiving operation until deliver to customer completely.

4. To identify the key performance indicators under the objective of warehouse management, warehouse operation 
and user requirement.

5. To take Balance Scorecard for selecting and grouping the key performance indicators.

6. To design and develop the key performance indicator program for collecting the key performance indicator data 
and evaluation of efficiency in warehouse management.

Expected Result

1. The key performance indicator program is a tool for collecting KPIs data, accessing KPIs data, retrieving KPIs data 
and reporting the warehouse management efficiency.

2. The executive can use the developed key performance indicator to develop and improve the warehouse 
management efficiency.

3. This research is a prototype for other warehouse that is attentive.

LITERATURE REVIEW

In this chapter will describe in tree main parts: warehouse concept, performance measurement and related 
research.

Warehouse Concept 

The basic warehouse operations are movement and storage.  The shot-distance movement is a very important 
aspect of warehouse and storage.  The activity level in the facility is fast paced.  In many companies, the goods are in the 
warehouse for just a few days or even a few hours.

Product movement occurs at four operations:  receiving, put – away,  order picking, shipping.  All four involve 
short-distance movement.
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Warehouse Operations

Receiving

Receiving may begin with advance notification of the arrival of goods. The schedule receipt is created at a 
specific time.  The goods are physically moved from the transport vehicle to the receiving dock.  The items are checked 
against the purchase order (P/O) to verify that the items received are the same as those ordered.  Goods will be inspected 
and exceptions noted, such as damage, incorrect count, and wrong descriptions.  The goods typically arrive packaged on 
a larger scale. Warehouse may be break down large scale of goods before storage.  Finally,  the warehouse inventory 
records are updated.

Put – Away

The put-away operation physically moves the item from the receiving dock to the storage area of the warehouse.  
Before goods can be put away, an appropriate storage location must be determined. This id very importance because 
where you store the goods determine to a large extent how quickly and at what cost you later retrieve it for a customer.  
You must know at all time what storage locations are available, how large they are, and how much weight they can carry.

When goods are put away, the storage location should also be scanner to record where the goods have been 
placed.  This information will subsequently be used to construct efficient the pick-slip to guide the order – pickers in 
retrieving the product for customers.

Order – Picking

The order - picking process requires warehouse personnel to select the items ordered by the customer or 
manufacturing operation from the storage area. The order information is given to the warehouse personal on the pick -
slip.  There are different order picking methods, for example, single-order picking, batching with sort-while-pick,  
batching with sort-after-pick, sequential zone picking with single order, sequential zone picking with batching, 
concurrent zone picking without batching in the zones and concurrent zone picking with batching in the zones.  The 
selection of an order picking method is a strategic decision since it has a wide impact on many other decisions in 
warehouse design and operation.

Shipping

When the order arrives at the shipping preparation area, it is secured by strapping or plastic wrap. Then, a 
shipping label indicating the ship to person/firm and address is attached to the package. Lastly, the warehouse 
information system is updated to reflect removal of the item from the warehouse inventory and shipment of the goods to 
the customer.

Storage

The other major warehouse operation is storage.  Storage locations are expensive because they represent space, 
with consequent costs of rent. Heating or air conditioning, security and so on.  In addition, storage locations are typically
within specialized equipment, such as shelving or flow rack, which is a capital cost. These costs impel us to use storage 
space as efficiently as possible.

There are two main strategies used in storage product. The simplest is a dedicated storage, in which each 
location is reserved for an assigned product and only that product may be storage there. Because the locations do not 
change, more popular items can be stored in more convenient locations and workers can learn the layout, all of which 
makes order-picking more efficient. The problem with dedicated storage is that it dose not use space efficiently.  One can 
use a strategy of shared storage. The idea is to assign a product to more than one storage location.  When one location 
becomes empty, it is available for reassignment, perhaps to a different product. The problem in shared storage is the 
locations of product will change over time as locations are emptied and restocked with other products.  This means 
workers cannot learn locations.  Another problem is that it becomes more time-consuming to put away newly received 
product become it has to be taken to more locations.



214 Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

Stock Location

The criteria are commonly used to locate stock: popularity, unit size, and cube.  The popularity criterion location 
popular items (most units ordered in a given time period) near the shipping area and the unpopular items (fewer units 
ordered) away from the shipping.  By this method, the order pickers travel a shorter distance to pick the most popular 
items begin ordered, thereby reducing the time required to pick orders.  The unit size criterion suggests that small-size 
item (item cubic dimensions) be located near the shipping area and larger size items be placed farther away from the 
shipping area.  By location small size item near the shipping area, more items can be storage near the shipping area, 
which reduces the order picker travel distance and order picker time.  The cube criterion is a variation of unit size in that
the items with smaller total cubic space requirements (item cube time’s number of items held) are located near the 
shipping area.  The logic is the same as that used for unit size.  The basic warehouse operation shows in Figure 2.1

FIGURE 1
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Storage Platform

Pallet

Pallets are both basic and essential to storage operations operations.  A pallet’s main function is to provide a 
base to hold individual items together.  One the items are stacked on the pallet, a forklift moves the pallet to the proper 
storage location.  The standard pallet is a wood or plastic base that is 48 inches by 40 inches (1.22 meters by 1.02 meters)

Shelf and Bin

Bin shelving is the oldest and most basic storage system available for storing small parts.  The main advantages 
of bin shelving are the low initial cost and the ability to divide units into various compartments.  However, the system 
underutilizes cubic space by not using a bin’s full size and by requiring shelf height to be within a person’s reach.

Conventional Storage System

Floor Storage System

Floor storage is generally the easiest and fastest storage technique to implement. Low capital cost if building 
exists but higher damage and lower space utilization.

Rack Storage System

The most common types of rack storage are:

- Selective rack or single – deep rack storage pallets one deep, as in figure
Due to rack supports each pallet is independently accessible, and so any sku can be retrieved from any pallet location at 
any level of the rack.  This gives complete freedom to retrieve any individual pallet but requires relatively more aisle space to 
access the pallets.

- Double-deep rack essentially consists of two single-deep racks placed one behind the other, and so pallets are 
storage two deep.  Due to rack supports each 2-deep. Lane is independently accessible, and so any sku can be storage in 
any lane at any level of the rack.

- Drive-In or drive-through rack allows a lift to drive within the rack frame to access the interior loads.  With 
drive-in rack the put-away and retrieval functions are performed from the same aisle.  With drive-through rack the pallets 
enter from one end and of the lane and of the lane and leave from the other, so that product can be moved according to a 
policy of First-In-First-Out (FIFO).

FIGURE 2
SELECTIVE RACK
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Warehouse Management System

A warehouse management system (WMS) is software to track and manage warehouse activities.

Receiving and Shipping

The most fundamental capability of a WMS is to record receipt of inventory into the warehouse and to register 
its shipment out.

Stock Locator System

The next significant increase in functionality is to add a stock locator system.     This is essentially the ability to 
manage an inventory of storage locations in addition to an inventory of product.  WMS should also track the inventory of 
storage locations in the warehouse.

Balanced Scorecard (BSC) 

The balanced scorecard is a strategic planning and management system that is used extensively in business and 
industry, government, and nonprofit organizations worldwide to align business activities to the vision and strategy of the 
organization, improve internal internal and external communications, and monitor organization performance against 
strategic goals.  It was originated by Drs.Robert Kaplan (Harvard Business School) and David Norton.

Traditional financial performance metrics provide information about a firm’s past results, but are not well -
suited for predicting future performance of for implementing and controlling the firm’s strategic plan.  By analyzing 
perspectives other than financial one, managers can better translate the organization’s strategy into actionable objectives 
and better measure how well the strategic plan is executing.

The Balanced Scorecard is a management system that maps an organization’s strategic objectives into 
performance metrics in four perspectives: financial, internal processes, customers, and growth.  These perspectives 
provide relevant feedback as to how well the strategic plan is executing so that adjustments can be made as necessary.

The following sections provide examples of some objectives and measures for the four perspectives. [5]

Financial Perspective

The financial perspective examines if the company’s implementation and execution of its strategy are 
contributing to the bottom-line improvement of the company.              It represents the long-term strategic objectives of 
the organization and thus it incorporates the tangible outcomes of the strategy in traditional financial terms.  The three 
possible stages as described by Kaplan and Norton (1996) are rapid growth, sustain and harvest.  Financial objectives and 
measures for the growth stage will stem from the development and growth of the organization which will lead to 
increased sales volumes, acquisition of new customers, growth in revenues etc.  The sustain stage on the other hand will 
be characterized by measures that evaluate the effectiveness of the organization to manage its operations and costs, by 
calculating the return on investment, the return on capital employed, etc.  Finally, the harvest stage will be based on cash 
flow analysis with measures such as payback periods and revenue volume.  Some of the most common financial 
measures that are incorporated in the financial perspective are revenue growth, costs, profit margins, cash flow, net 
operating income etc.

Customer Perspective

The customer perspective defines the value proposition that the organization will apply in order to satisfy 
customers and thus generate more sales to the most desired (i.e. the most profitable) customer groups,. The measures that 
are selected for the customer perspective should measure both the value that is delivered to the customer (value position) 
which may involve time, quality, performance and service and cost and the outcomes that come as result of this value 
proposition (e.g., customer satisfaction, market share).  The value proposition can be centered on one of the three: 
operational excellence, customer intimacy or product leadership, while maintaining threshold levels at the other two.
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Internal Process Perspective

The internal process perspective is concerned with the processes that create and deliver the customer value 
proposition.  It focuses on all the activities and key processes required in order for the company to excel at providing the 
value expected by the customers both productively and efficiently.  These can include both short-term and long-term 
objectives as well as incorporating innovative process development in order to stimulate improvement.  In order to 
identify the measures that correspond to the internal process perspective, Kaplan and Norton propose using certain 
clusters that group similar value creating processes in an organization.  The clusters for the internal process perspective 
are operations management (by improving asset utilization, supply chain management, etc), customer management (by 
expanding and deepening relations). Innovation (by new products and services) and regulatory & social (by establishing 
good relations with the external stakeholders).

Learning and Growth Perspective

The learning and growth perspective is the foundation of any strategy and focuses on the intangible assets of an 
organization, mainly on the internal processes.  The Innovation & Learning Perspective is concerned with the jobs 
(human capital), the systems (information capital), and the climate (organization capital) of the enterprise.  These three 
factors relate to what Kaplan and Norton claim is the infrastructure that is needed in order to enable ambitions objectives 
in the other three perspectives to be achieved. This of course will be in the long term, since an improvement in the 
learning and growth perspective will require certain expenditures that may decrease short-term financial results, whilst 
contributing to long-term success.

From above article, the research thing that the warehouse performance measurement beyond measurement 
financial perspective, customer perspective, internal perspective, and learning and growth perspective.  The warehouse 
should measure supplier perspective because supplier is one factor to warehouse management.  If the warehouse receive 
goods not the same as ordered, damaged goods, incorrect count, and wrong descriptions these problems may be cause to 
redo all process and impact to warehouse such as lack inventory, lose income and customer don’t meet satisfaction.

Benchmarking

The Benchmarking Methodology is the process of comparing performance with internal studies, competitiveness 
studies, functional or industry studies, generic benchmarking, identifying comparatively high performance organizations, and 
learning what it is they do that allows them to achieve that high level of performance or improvement available to 
organizations.

Types of Benchmarking:

1. Internal Studies

To compare similar operations within different units of an organization, an example of internal studies is the 
comparison of production planning approaches, which uses management information systems at various manufacturing sites 
within a multi-unit business.

2. Competitiveness Studies

Target specific product, processes or method used by an organization’s direct competitors.  This type of study from 
internal studies in terms of the depth of the study.  Competitive benchmarking seeks to establish measures or benchmarks rather 
than specific information about what enabled the degree of performance of the targeted competitor.  An example of competitor 
studies is the comparison of product distribution method used to services a common distribution channel.

3. Function or Industry Studies

To compare similar functions within the same broad industry or compare organizational performance with that of 
industry leader.  An example of functional studies is the evaluation of supplier management systems from a sample of
companies across industry boundaries.

4. Generic Benchmarking

To compare work processes or practices those are independent.  This method is the most innovative and can in 
changed paradigms for reengineering specific operations.  An example of generic benchmarking is the study of bar-coding 
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applications from wide variety of industries (checkout stands at grocery stores) as a PC based inventory control and recording
system.

Key Performance Indicators (KPI)

Key Performance Indications known as KPI or Key Success Indicators (KSI), help an organization define and 
measure progress toward organizational goals.  One an organization has analyzed its mission, identified all its 
stakeholders, and defined its goals; it needs a way to measure progress toward those goals.  Key Performance Indicators 
are those measurements.

Key Performance Indicators are quantifiable measurements, agreed to beforehand, that reflect the critical 
success factors of an organization.  They will differ depending on the organization. A business may have as one of its 
Key Performance Indicators the percentage of its income that corner from return customers.  A school may focus its Key 
Performance Indicators on graduation rates of its students.  A Customer Service Department may have as one of its Key 
Performance Indicators, in line with overall company KPI, percentage of customer calls answered in the first minute.  A 
Key Performance Indicators for a social service organization might be number of clients assisted during the year.

Whatever Key Performance Indicators are selected, they must reflect the organization’s goals,  they must be key 
to its success, and they must be quantifiable (measurable).  Key Performance Indicators usually are long-term 
considerations.  The definition of what they are and how they are measured do not change often.  The Goals for a 
particular Key Performance Indicator may change as the organizations goals change, or as it get closer to achieving a 
goal.

The standard measures in warehouse as following: (Boltem, 1997)

1. Space utilization.  That is the comparison of second area and rent area with used area.
2. Order Fulfillment.  The total of sale order, budget accuracy per month, variable  and work finish on 

time, partial, not finish.
3. Inventory accuracy.  Recorded quantity of products with amounts of deficit or surplus.
4. Total throughput.  Total throughput such as pallet, box.
5. Transportation.  The transportation measure amount shipping cost of transportation per unit and 

picking on time.
6. Loss and damage.  The damage from storage, transfer or shipping.

Related Research

1. Data Collection System for Warehouse Activities Study 

Objective of this thesis is to develop a data collection system for study warehouse activities i.e. receiving , 
identification, put away , storage , order picking , packing , staging, loading and shipping, physical inventory and 
reporting.  Warehouse activities were studied to identify the objective of each activity together with the performance 
assessment criteria, these criteria include average time of each activity, picking time/picking note, picking time/total item 
picked, storage space utilization, aisle space percentage, vertical space effectiveness, average distance of each activity, 
average picking tour, average distance/move ration, labor efficiency, productivity of order picking operation, order 
picking efficiency, part picker percentage, quantity picked percentage, error in receiving, error in order picking, error in 
data or document, percentage error in the stock count, percentage cost of damage, cost/picking note, cost/item picked, 
cost/total inventory, damage ration and handling equipment utilization.  In order to process for this assessment, required 
raw data were known as two types,    one-time-collected raw data and continuously collected data.  For the one-time-
collected data, the questionnaire forms were developed to study data from general warehouse information.  For the other 
type, forms were designed in table format to collect the activities in the studied warehouse.  Data processing method was 
also developing for this second type of data.

Finally the forms, which developed in this study, were applied to an actual warehouse to demonstrate 
performance assessment for system testing.  The assessment included were working period, space utilization, working 
distance, labor productivity, working accuracy, working cost, lost from working and material handling utilization ration.
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2. Principle For Key Performance (KPI’s) Establishment In The Operation Of Warehouse And Distribution Center 

The purpose of this study was to determent the effective KPI’s for warehouse and distribution center operation 
based on the quality requirements of ISO 9001: 2000.  The procedure for determining the KPI’s was proposed to follow a 
4-step plan (Plan - Do - Check – Action) of Deming circle.  In addition, a formula and suggestion for each KPI was also 
provided.  The procedure was compared with an operation of a warehouse and a distribution center of a sample 
organization.

The result shows that the procedure proposed in this study was applicable in the organization being used as a 
case.  Therefore, it should be appropriate to use it in determining and evaluating KPI’s for warehouse and distribution in 
general.

3. Developing a Database for Performance Measurement in Garment Industry 

This research develops a performance measurement system by applying Supply-Chain Operation Reference-
model (SCOR model) and Balance Scorecard for selecting and grouping performance indicators in the garment industry.  
This has been done by studying and reengineering garment industry business, and identifying issues and problems in their 
supply chain.  A program for monitoring performance measurement indicators in the industry was developed using Visual 
Basic 6.0 and Microsoft Access 2000 for the database.  There are six main menus in the program, namely: login, select or 
edit metric, input data record, report, help and exit.

4. Development of Key Performance Indicators Based on the Balanced Scorecard: A Plastic Factory case study 

The purposes of this research are firstly, to develop Key Performance Indicator (KPIs) of the factory division in 
a plastic factory.  Those KPIs are applied to conform with the management policy and cover all vital perspectives which 
based on the balanced scorecard principle.  Secondly, the purpose is to improve document system for collecting, 
monitoring and evaluating KPIs.

5. Development of Key Performance Indicator for Production in The Pyrotechnic Plant 

The purpose of this thesis is to develop the key performance indicator for this sample.  At the present, this 
sample has not any key performance indicators and production reporting, which cover all production section and support 
section.  Moreover, it is no evidence of management level’s presentation, it is very essential to production control and 
verification.  This thesis suggests the approach to the development of reporting and the availability of key performance 
indicators, sufficiently and appropriately.  In this case study, there are 11 lists of recommended key performance 
indicators; the number of mis-planed production, the time of plan production, the production cost per unit, the ration of 
direct material cost to production cost, the stock period of raw material, the accuracy of raw material account, the 
percentage of production loss, the percentage of machine utilization, the percentage of manpower’s attendance, the 
percentage of manpower’s performance and the average period of machine maintenance.

To ensure that all key performance indicators can be applicable to measure the performance effectively, the 
target value of every key performance indicators is set such as, target value of machine utilization 70%, target value of 
product loss 3% etc.

6. Development Key Performance Indicator of Logistic process for Hom Mali Rice Exporting mill in Roi-et province 

The purpose of this study were (1) to study the logistic performance for Hom Mail Rice exporting mill in Roi-et 
province (2) to examine the problem of purchasing warehouse management, transportation and delivery and 
communication and data exchange (3) to develop appropriate key performance indicator in order to evaluate the logistic 
performance of the rice mills by using Quantitative and Qualitative Research. The studied sample, which were medium 
and last-size in Roi-et were selected by means of purposive sampling.  The two sample groups were (1) two 
systematically managed medium and large-sized rice mills (2) ten systematically and unsystematically managed medium 
and by using linker scale questionnaires.  The results of quantitative data were analyzed by SPSS version 11.5.  The 
results of qualitative data were analyzed by descriptive analysis.

According to the study, the current situation of logistic performance of Hom Mali Rice exporting mill in Roi-et 
province and problems of purchasing, warehouse management, transportation and delivery, and communication and data 
exchange were revealed.  The result of the research could develop appropriate key performance indications, divided into 
2 groups.  The first indications were drawn from questionnaires on what degree the indications to be used by the 
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indications were classified as 9 purchasing indications. 12 warehouse management indicators, 5 transportation and 
delivery indications, and 6 communication and data exchange indications, respectively.  In the second group, the problem 
– based indications included 5 purchasing indications, 12 warehouse management indications, 4 transportation and 
delivery indications, and 4 communication and data exchange indicators, respectively.  The result of the study could 
develop 2 groups, including totally 40 indications.  When they were practically checked by the users, 71.43% of them 
were approved.  And, when they were compared with other industrial, it was found that indications and numbers varied 
according to the types of the industries was the focused logistics process.  However, the main logistics process 
indications were somehow similar.

RESEARCH METHODOLOGY

Steps of Research Methodology

1. Literature Review

From the chapter which will describe a basic for the thesis consist of:
- Warehouse concept.
- Performance Measurement
- Related research.

2.  Case study Information gathering

This step is to collect necessary data for using in the research, which are current processes of the organization, the 
warehouse management problem and the attributes necessary for the research. The data is collected by interviewing 
related officers and viewing related documents.

3. To develop key performance Indicator base on Balance Scorecard (BSC)

The current key performance indicators which are used in warehouse are not cover requirement of the 
executives and officers. They need tools (KPIs and report) that can manage and make decision for improving warehouse 
operation in the future.

So the performance indications will be developed under the objective of warehouse management, the problem of 
warehouse and warehouse requirement. This research divided KPIs in four perspectives according to the balanced 
scorecard principle: financial perspective, customer perspective, internal process perspective, and learning and growth 
perspective.

4. System Analysis

In this step, the collected data is analyzed to see what is needed in order to solve the problems; this may include 
some new information, software or else as needed.  The system consists of 3 main modules:

1. Input module; provides 2 ways to input data; direct input and loading data and put into the database.
2. Evaluate KPI module; a module that evaluate KPIs data from the database separately by the KPIs data.
3. Output module; a module that displays the result of the application.  The result is display on the monitor and users 

can print the reports from the previous modules out.

5. Design

The result from the analysis phase is used for designing the system.  This design phase results in the designing 
documents, which can be separated into 2 parts: 

1. Database Design
- Entity Relationship Diagrams (ER-Diagram); a diagram that displays the structure of the database designed 

for using with the application.
- Data Dictionary; a descriptive document that displays the details of each entity in the database.
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2. Functional Designs
- Data Flow Diagrams (DFD); a data and processes describing diagram, displays how the data flow and what 

function each process do.
- Interface Diagram; a diagram displays the interfaces in the application.

6. Coding

All the information in this system analysis and design will develop this system with Microsoft SQL Server 2005 
and Microsoft C# 2005

7. Testing and debugging each module

After the coding the program is completed, it is necessary to test if for finding error. The debugging process will be 
used if there is errors occurred.

FIGURE 3
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Research Tools

1. Hardware

Microcomputer

CPU : Intel Pentium M 1.6 MHz
RAM : 512 MB
Hard Disk : 40 GB
Peripherals : Keyboard, Mouse, Printer

2. Software

Operating : Microsoft Windows XP Professional
Code editor : Microsoft Visual C# 2005
Database : Microsoft SQL 2005
Document tools : Microsoft Word 2003, Microsoft Excel 2003, Microsoft Visio 2003

Time schedule for this study

The Gantt chart shows in table 1.

TABLE 1
GANTT CHART OF RESEARCH TIME

Task 2007 – 2008
Sep Oct Nov Dec Jan Feb Mar Ape

1.  Literature Review
2.  Case study Information gathering
3.  To develop key performance Indicator  base 
on Balance Scorecard (BSC)
4.  System Analysis
5.  Design
6.  Coding
7.  Testing and debugging each module.
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ABSTRACT

The market of non-alcoholic beverage in Thailand is growing continuously. The sales volume of non-alcoholic 
beverage in the past year (2011) is approximately 224 billion baht (Choonhavuttiyanont, 2012) and the sales volume in 
2014 is forecasted to be approximately 239.4 billion baht (Jedkedkit, 2010). The competition in the market is very 
intense. All players are striving to be in the consumers’ mind and step further than the competitors. Packaging is one of 
the most important factors that all beverage manufacturers have to make a careful consideration. As packaging is the first 
thing that will attract the eyes of customer, unattractive one may leads to failure of the product. Nevertheless, there are 
more factors to be considered in selecting the right packaging for a product. The research model is proposed and the 
research methodology is presented about how non-alcoholic beverage manufacturers in Thailand choose their packaging. 
This can be used as a start-up guide for empirical study in the selected field.

KEYWORDS
Packaging, Non-Alcoholic Beverage, Product

INTRODUCTION

Packaging’s Selective Factors

Packaging plays an important role in delivering the product to the consumer. Different attributes are required for 
each kind of beverage. Basically, there are four main roles of packaging. Containment is the first role of packaging as we 
use it to contain the product to the consumer. It is important because the product needs container for storage, 
transportation, distribution, and retailing (Siripatrawan). Protection and preservation is the second role of packaging. It is 
also important that the product is physically protected, chemically protected, and biologically protected from the 
environment (Berk, 2009). Convenience is also an important attribute of packaging. As consumers are looking for the 
product that fit with their lifestyles, the manufacturer has to find out those preferences, for example, the package size, the
package volume, and the special features of the package (Luangsa-ard). The forth role of packaging is to make a 
communication as customers will perceive an identity and information of the product from its appearance (Silayoi, 2007).
In order to select a right packaging, a company needs to understand not only its roles, but also its characteristics. 
Environmental friendliness has gained much more importance in the eyes of customers. Beverage manufacturers also 
need to thoroughly understand laws, regulations, taxes, and benefits of each kind of packaging with respect to the sales 
area before making a selection.

However, different beverage manufacturers weight packaging’s selective factors differently because of their 
different types of product, different transportation condition, different target market and positioning, and different size of
the company (Prendergast, 1996).

Types of Beverage

There are many types of beverage in the market for consumers to choose on their preferences. Beverage is 
categorized in many aspects according to the perspective of each party. According to the notification of Ministry of 
Public Health in Thailand (No. 195, 196, 197, 198, 214, 265, 266, 267, and 289), non-alcoholic beverage in the sealed 
container in Thailand is separated into seven types. Firstly, “electrolyte drinks mean drinks which are mainly consist of 
minerals.” Secondly, “ready-to-drink tea means product of tea, which is mixed with other ingredients for ready to be 
consumed and is packed in the sealed containers.” Thirdly, “ready-to-drink coffee means product of coffee, which is 
mixed with other ingredients for ready to be consumed and is packed in the sealed containers.” Fourthly, “soybean milk 
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means liquid which is derived from soybean, or some part of soybean, and other nutrients may be added.” Fifthly, Milk 
means products which are made from mammal’s milk, such as cow’s milk, flavoured milk, fermented milk, and other 
milk products. Sixthly, “beverage which is containing or made from fruits, plants or vegetables, and may also contain 
dissolved carbon dioxide or oxygen gas.” Lastly, “Beverage which is containing or made from other constituents, except 
fruits, plants or vegetables, and may also contain dissolved carbon dioxide or oxygen gas.”

RESEARCH MODEL

The research hypothesis is derived from the question of how non-alcoholic beverage manufacturers choose their 
packaging and how it different from one manufacturer to the others. Working on this research could make one has an 
insight to the view of beverage manufacturers in Thailand toward packaging. Results are expected to show the 
relationship between dependent and independent variables that has effects on packaging selection.

Figure 1
DIFFERENT BEVERAGE MANUFACTURES ARE EXPECTED TO 

VALUE EACH PACKAGING’S SELECTIVE FACTOR DIFFERENTLY

From figure 1, ten hypothesis statements are derived as follows:

H1: Containment factor has positive effects on packaging selection of non-alcoholic beverage manufacturer in Thailand. 
The sub-factors are storage, transportation, distribution, and retailing.

H2: Protection and preservation factor have positive effects on packaging selection of non-alcoholic beverage 
manufacturer in Thailand. The sub-factors are physical, chemical, and biological protection.

H3: Convenience factor has positive effects on packaging selection of non-alcoholic beverage manufacturer in Thailand. 
The sub-factors come from the stage of the supply chain that relates to the consumer, which are consumer purchase, 
storage, and usage (Rundh, 2009).

H4: Communication factor has positive effects on packaging selection of non-alcoholic beverage manufacturer in 
Thailand. The sub-factors are the key function of communication, which are motivation, advertisement, identity, and sale 
promotion.

H5: Characteristic factor has positive effects on packaging selection of non-alcoholic beverage manufacturer in Thailand. 
The sub-factors are packaging strengths (e.g., environmental friendliness), weaknesses (e.g., health/safety issue), 
opportunities (e.g., benefit and subsidy), and threats (e.g., laws, regulations, and taxes of the sales area).

H6: Type of non-alcoholic beverage has positive effects on packaging’s selective factors of the manufacturer in Thailand. 
It is separated into seven types according to the notification of Ministry of Public Health in Thailand.
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H7: Transportation condition has positive effects on packaging’s selective factors of the manufacturer in Thailand. The 
further distance of transportation, the greater packaging is required. Therefore, the question on this issue is whether the 
judgment is different if the products are sold domestically and internationally.

H8: Net volume of non-alcoholic beverage has positive effects on packaging’s selective factors of the manufacturer in 
Thailand.

H9: Price/100ml. of non-alcoholic beverage has positive effects on packaging’s selective factors of the manufacturer in 
Thailand.

H10: Size of non-alcoholic beverage manufacturer in Thailand has positive effects on its packaging’s selective factors. 
One common way to separate the size of company (micro, small, medium, and large) is by asking the number of its 
employee.

RESEARCH METHODOLOGY

The hypothesis statements will be transformed into questions in the questionnaire and validated by the experts. 
Later, it will be randomly distributed to at least 300 non-alcoholic beverage manufacturers in Thailand. The data will be 
collected and analyzed by ANOVA (Analysis of Variance) and post-hoc tests to prove the research model.

SUMMARY

This research methodology is proposing on packaging’s selective factors of non-alcoholic beverage in Thailand. 
The research model consists of five main factors to be considered during packaging selection, which are containment, 
protection and preservation, convenience, communication, and packaging characteristic. From the literature review, five 
important variables that affect the packaging’s selective factors are different type of beverage manufactured, 
transportation condition, net volume of the package, positioning, and size of the company. The research methodology is 
also proposed, so the researcher can be used as a guideline for empirical study in the selected field.
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ABSTRACT

The purpose of this paper is to examine the relationship between specific supply chain management practices and its 
effectiveness on Garment industry. Supply chain management practices have been defined as a set of activities undertaken in 
an organization to promote effective management of its supply chain. With other business management principles, SCM also 
applies to the textile and apparel industries. The objectives of the study are to identify the impact of different independent 
variables on effective supply chain management. Supply chain members should cooperate with its downstream customers and 
upstream suppliers to achieve supply chain goal. This research conceptualizes and develops 
(integrated supply chain strategy, level of information sharing, long-term relationships with suppliers & customers, advanced 
planning systems and internet usage). This research provides past literature to justify the selections of above five independent 
variables. Effective supply chain management (SCM) has become a potentially valuable way of securing competitive 
advantage and improving organizational performance. The population of this study will be managers and employees working 
in supply chain departments of MAS Holdings Sri Lanka. Due to the nature of this study, Stratified random sampling will be 
the most appropriate statistical method. Finally, the researcher presented recommendations to increase the awareness of 
SCM. The results display that SCM in the Sri Lankan garment industry is still at its infancy but growing awareness of the 
concept is evident. The study reveals that MAS Holdings are more oriented towards clients rather than their suppliers in the 
supply chain. They have more arrangements with clients than with suppliers. The problems in implementing successful SCM 
within the Sri Lankan garment industry are at present associated with an inappropriate traditional culture and the unique 
features of the organizational structure. Finally, the researcher presented recommendations to increase the awareness of SCM 
among the Sri Lankan garment industry to overcome its implementation barriers and to reap all its potential benefits.

KEYWORDS
Supply Chain Management, Integrated Supply Chain Strategy, Information Sharing, Long-Term Relationships, Advanced 
Planning Systems, Internet

INTRODUCTION

Supply Chain Management (SCM) can be defined as the co-ordination of the set of activities involved in moving a 
product from the ultimate supplier to the ultimate customer so as to maximize economic value added. Effective supply chain 
management will lead to a lowering of the total amount of resources required to provide the necessary level of customer 
service to a specific segment and improving customer service through increased product availability and reduced order cycle 
time. In today’s world of globalization many apparel retailers are building strong supply chains to gain advantage over their 
competitors by offering the best value to their customers.

Globalization, technology and an increasingly competitive business environment have been the driving forces 
behind huge changes in what is known as supply chain management, the art of sourcing components and delivering finished 
goods to the customer as cost effectively, efficiently and quickly as possible, thereby generating more sales and greater value 
to the customer. Many organizations use SCM to customize their products and stimulate continuous product innovation. A
totally integrated supply chain is required for the company to get gain the maximum benefits.
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MAS established in 1987 in Sri Lanka have grown to a US$700 Million turnover company by 2007. MAS Holdings 
is engaged in the business of manufacturing reliable and innovative intimate and performance wear of superior quality to 
world renowned brands such as Victoria’s Secrets, Nike, Marks & Spencer, Triumph, Lane Bryant, Pink etc. SCM has 
become a competitive necessity, especially manufacturing firms that are threatened by low-cost competition. With regard to 
MAS Holdings, its supply chain could be identified as the set of core business processes that create and deliver the product 
(lingerie) from concept through development and manufacturing, into the market for consumption. This paper provides a 
broad overview of the SCM process with reference to the Garment industry.

What are the existing supply chain management system used by the company and how SCM effective? Supplier 
management is one of the key issues of SCM because the cost of raw materials and component parts constitute the main cost 
of a product and most of the firms have to spend considerable amount of their sales revenues on purchasing, hence supplier 
selection is one of the most important decision making problems. Outsourcing is an excellent alternative to be considered for 
those products and components that cannot be produced effectively by an organization’s facilities. Companies must carefully 
select suppliers for raw materials. When choosing a supplier, focus should be on developing velocity, quality and flexibility 
while at the same time reducing costs or maintaining low cost levels. Selecting the right supplier significantly reduces the 
purchasing costs and improves corporate competitiveness. Therefore, appropriate supplier selection improves supply chain 
performance. Successful implementation of supply chain strategy translates to improvements in revenue, cost and assets.

Objectives of the Study
1) To find out the existing supply chain management process in MAS Holdings.
2) To find out the problems of implementing and introducing of supply chain management.
3) To find out the efficiency and effectiveness of the implementing of the supply chain management.
4) To compare the level efficiency before and after implementing supply chain management.
5) To recommend suitable SCM practices to improve the overall effectiveness of the supply chain.

The objectives of the project are to deliver optimum results in the areas of cost, quality, time to market, and 
continuity of supply through effective SCM. First of all the main limitation would be the time factor. As for the project 
requirement it is only allowed four months to complete this study. Therefore gathering of secondary information and 
conducting the primary research should be scope down in various forms in order to compile this project on due time. Also the 
scope of the study is limited to analyzing the supply-chain effectiveness only in MAS Holdings and does not focus on entire 
textile & apparel industry in Sri Lanka which would then widen the research and the analysis. This research is an in-depth 
analysis of the present supply base of MAS Holdings.

LITERATURE REVIEW

When we consider about any industry, we meet different types of “chain”, such as the supply chain, value chain, 
demand chain etc. In the past supply chains were managed around cutting costs. Today, it’s the exact opposite. According to 
Michael & McCathie (2005) Supply Chain Management (SCM) is the “management and control of all materials and 
information in the logistics process from acquisition of raw materials to delivery to the end user”. Effectiveness refers “being 
able to measure results and compare them with benchmarks and standards” (Jacoby, 2009). According to Jacoby (2009) main 
objective of SCM is Supply management where the process of getting goods and services from the supplier to the point of 
production on time and within budget in order to minimize the total life-cycle cost to the organization. 

The Sri Lankan apparel industry offers major advantages to international buyers through SCM practises. The main 
advantage is the speed of delivery, based on Sri Lanka’s unique geographical location, the industry’s vertical integration and
interconnectivity within the country and from manufacturing to logistics, Sri Lanka Apparel has learned to cut timelines, 
offering clients the benefit of faster turnaround (The Joint Apparel Associations Forum of Sri Lanka, 2011).

According to Weeraratne (2004) starting with 19 firms in 1973, by 2001 the apparel industry consisted of 830 firms 
and value of production of the sub-sector as a percentage of total industrial production has increased from 10 per cent in 1977 
to 44 per cent in 2002, while as a percentage of GDP the figure has reached 17 percent in 2002 from 2 per cent in 1977.  

According to Weeraratne (2004) in 1986, apparel sector overtook the plantation exports and remained the main 
contributor in the growth of exports. During the past five years Textile and Apparel (T&A) accounted for over 50 percent of 
total export earnings and 5.3 percent of the GDP. The contribution by apparel and textiles separately to the total value of 

industrial exports in 2002 was 62 and 5 percent, respectively. In 2002, industry’s exports were US $ 2,425.3 million, while 
the expenditure on imported inputs were US $ 1,429 million reflecting a high import dependency of the industry. In 2002, the 
main T&A export destinations of Sri Lanka were USA and EU, while Hong Kong, China Taiwan and South Korea were the
major textile import origins. 

Fibre2Fashion News (2011) article indicates that “Sri Lanka’s apparel industry is expected to register a growth rate 
of four percent in 2010 keeping its growth momentum intact”. “From January to November, 2010, country’s apparel industry 
recorded growth rate of 3.7 percent in export income only. Sri Lanka exported apparels worth US$ 3.038 billion surpassing 
US$ 2.930 billion revenue during the same period in 2009” (Fibre2Fashion News, 2011).

Integrated Supply Chain Strategy

According to Jacoby (2009) supply chain strategy is forming the unique positioning that is intended to result in a 
future competitive advantage. He also predicts strong SCM can deliver a competitive advantage in the long run, but if it is not 
guided by a supply chain strategy it usually delivers only incremental improvement. Strong supply chain strategy can define a 
unique end-state that has the potential to change the competitive landscape, but if not followed by reliable execution, it 
usually delivers no value.

At present, MAS Holdings does not have a supply chain strategy as indicated by Premaratne (2011). The focus is on 
to reduce ordering level and inventory level by establishing firm discipline in the RM process and bringing down stock write-
off to the lowest level possible. According to Jacoby (2009) thus it is of paramount importance for any manufacturing firm to 
form a clear supply chain strategy within the framework of the business strategy to be followed by reliable execution.

Jacoby (2009) has pointed out, four strategies for gaining competitive advantage through SCM. Thus, for an 
effective SCM, manufacturing firms must execute an integrated strategy to get the benefits from all four strategies combined.
1. Rationalisation strategy is aimed at containing operating costs. (Jacoby, 2009).
2. Synchronisation strategy is aimed at balancing supply with demand. (Jacoby, 2009).
3. Customisation strategy aims to enhance the customer interface. (Jacoby, 2009).
4. Innovation strategy is focused on achieving rapid new product development. (Jacoby, 2009).

Integrated supply chain strategy – The above strategies should not be pursued in isolation. Manufacturing firms must 
execute an integrated strategy to get the benefits from all four strategies combined. According to Jacoby (2009) across all 
industries, about a third of companies choose to follow an integrated strategy. The benefit of an integrated strategy is that 
there is a strong synergy between strategies if they are sequenced properly (Refer Figure 02). Below Figure 02 shows a 
‘spider diagram’ that can be used to plan the emphasis on each strategy and thus an integrated strategy.

With relevance to findings of Sohal et al. (2002) the primary benefits from integrated supply chain management are 
accuracy of data, inventory reduction, streamlining of internal processes and access to more timely and accurate demand 
figures.

Nordas (2004) has stated some integrated supply chain examples. An example from Sri Lanka illustrates how buyers 
can benefit from low production costs in developing countries while at the same time ensuring efficient operation of the 
supply chain in the face of poor financial, physical and institutional infrastructure. According to Kelegama and Foley (1999,
cited in Nordas 2004) 15 per cent of Sri Lankan producers' inputs are provided by the buyers without payment (i.e. the Sri 
Lankan suppliers are paid a net price for the final output), 55 per cent are bought by the local clothing producing firm from a 
supplier nominated by the buyer, while 30 per cent is bought by the local producer without any restrictions from the buyer.

Share-Information Sharing

According to Cook et al. (2010) information sharing with supply chain partners has been an area of focus in SCM 
research primarily due to the perceived bene Cao et al. (2010) has recognized that a basic 
enabler for SCM is information sharing. Also many researchers have emphasized the importance of information sharing for
an effective SCM practice. Lalonde (1998, cited in Cao et al., 2010) considers sharing of information as one of five building 
blocks that characterize solid supply chain relationship. Stein and Sweat (1998, cited in Cao et al., 2010) supply chain 
partners that exchange the information on a regular basis are able to work as a single entity. Together, they have a greater 
understanding of the end consumers and are better able to respond to change in the marketplace. Tompkins and Ang (1999,
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LITERATURE REVIEW
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able to measure results and compare them with benchmarks and standards” (Jacoby, 2009). According to Jacoby (2009) main 
objective of SCM is Supply management where the process of getting goods and services from the supplier to the point of 
production on time and within budget in order to minimize the total life-cycle cost to the organization. 
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interconnectivity within the country and from manufacturing to logistics, Sri Lanka Apparel has learned to cut timelines, 
offering clients the benefit of faster turnaround (The Joint Apparel Associations Forum of Sri Lanka, 2011).

According to Weeraratne (2004) starting with 19 firms in 1973, by 2001 the apparel industry consisted of 830 firms 
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According to Weeraratne (2004) in 1986, apparel sector overtook the plantation exports and remained the main 
contributor in the growth of exports. During the past five years Textile and Apparel (T&A) accounted for over 50 percent of 
total export earnings and 5.3 percent of the GDP. The contribution by apparel and textiles separately to the total value of 

industrial exports in 2002 was 62 and 5 percent, respectively. In 2002, industry’s exports were US $ 2,425.3 million, while 
the expenditure on imported inputs were US $ 1,429 million reflecting a high import dependency of the industry. In 2002, the 
main T&A export destinations of Sri Lanka were USA and EU, while Hong Kong, China Taiwan and South Korea were the
major textile import origins. 

Fibre2Fashion News (2011) article indicates that “Sri Lanka’s apparel industry is expected to register a growth rate 
of four percent in 2010 keeping its growth momentum intact”. “From January to November, 2010, country’s apparel industry 
recorded growth rate of 3.7 percent in export income only. Sri Lanka exported apparels worth US$ 3.038 billion surpassing 
US$ 2.930 billion revenue during the same period in 2009” (Fibre2Fashion News, 2011).

Integrated Supply Chain Strategy

According to Jacoby (2009) supply chain strategy is forming the unique positioning that is intended to result in a 
future competitive advantage. He also predicts strong SCM can deliver a competitive advantage in the long run, but if it is not 
guided by a supply chain strategy it usually delivers only incremental improvement. Strong supply chain strategy can define a 
unique end-state that has the potential to change the competitive landscape, but if not followed by reliable execution, it 
usually delivers no value.

At present, MAS Holdings does not have a supply chain strategy as indicated by Premaratne (2011). The focus is on 
to reduce ordering level and inventory level by establishing firm discipline in the RM process and bringing down stock write-
off to the lowest level possible. According to Jacoby (2009) thus it is of paramount importance for any manufacturing firm to 
form a clear supply chain strategy within the framework of the business strategy to be followed by reliable execution.

Jacoby (2009) has pointed out, four strategies for gaining competitive advantage through SCM. Thus, for an 
effective SCM, manufacturing firms must execute an integrated strategy to get the benefits from all four strategies combined.
1. Rationalisation strategy is aimed at containing operating costs. (Jacoby, 2009).
2. Synchronisation strategy is aimed at balancing supply with demand. (Jacoby, 2009).
3. Customisation strategy aims to enhance the customer interface. (Jacoby, 2009).
4. Innovation strategy is focused on achieving rapid new product development. (Jacoby, 2009).

Integrated supply chain strategy – The above strategies should not be pursued in isolation. Manufacturing firms must 
execute an integrated strategy to get the benefits from all four strategies combined. According to Jacoby (2009) across all 
industries, about a third of companies choose to follow an integrated strategy. The benefit of an integrated strategy is that 
there is a strong synergy between strategies if they are sequenced properly (Refer Figure 02). Below Figure 02 shows a 
‘spider diagram’ that can be used to plan the emphasis on each strategy and thus an integrated strategy.

With relevance to findings of Sohal et al. (2002) the primary benefits from integrated supply chain management are 
accuracy of data, inventory reduction, streamlining of internal processes and access to more timely and accurate demand 
figures.

Nordas (2004) has stated some integrated supply chain examples. An example from Sri Lanka illustrates how buyers 
can benefit from low production costs in developing countries while at the same time ensuring efficient operation of the 
supply chain in the face of poor financial, physical and institutional infrastructure. According to Kelegama and Foley (1999,
cited in Nordas 2004) 15 per cent of Sri Lankan producers' inputs are provided by the buyers without payment (i.e. the Sri 
Lankan suppliers are paid a net price for the final output), 55 per cent are bought by the local clothing producing firm from a 
supplier nominated by the buyer, while 30 per cent is bought by the local producer without any restrictions from the buyer.

Share-Information Sharing

According to Cook et al. (2010) information sharing with supply chain partners has been an area of focus in SCM 
research primarily due to the perceived bene Cao et al. (2010) has recognized that a basic 
enabler for SCM is information sharing. Also many researchers have emphasized the importance of information sharing for
an effective SCM practice. Lalonde (1998, cited in Cao et al., 2010) considers sharing of information as one of five building 
blocks that characterize solid supply chain relationship. Stein and Sweat (1998, cited in Cao et al., 2010) supply chain 
partners that exchange the information on a regular basis are able to work as a single entity. Together, they have a greater 
understanding of the end consumers and are better able to respond to change in the marketplace. Tompkins and Ang (1999,
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cited in Cao et al., 2010) suggest that the key competitive and distinguishing factor for the 20th century is the proficient use 
of relevant and timely information by all functional elements within the supply chain to meet organizational objectives. 

According to above findings sharing information with suppliers gives garment industry the benefits of faster cycle 
times, reduced inventory, and improved forecasts. At the same time, the customers get a higher-quality product at a lower 
price. However, Cook et al. (2010) has found due to information sharing retailer’s costs actually increased. Furthermore, they 
recommend that an incentive should be provided to the retailers to encourage and motivate partners to share information in 
the supply chain.

According to Lee and Whang (2000, cited in Cao et al., 2010), has identified the types of information that need to be 
shared among garment industry supply chain partners:

TABLE 1
INFORMATION SHARING

Inventory level: Access to supply chain inventory status can contribute to lowering the total inventory in 
the supply chain. In practice, sharing of inventory information is implemented in 
different forms. Continuous replenishment program (CRP) and vendor managed 
inventory (VMI) are two of them. 

Sales data: Depending solely on orders from downstream will lead to the distortion of true market 
dynamics. Using sell-through and/or POS data, manufacturers can better forecast the 
demand and develop a better production plan that is closer to the volatile reality.

Order status for 
tracking/tracing:

Customers can get information about order status by one stop because all the players in 
the supply chain have access to each other’s order databases.

Sales forecast: Suppliers can share the forecast developed by the downstream player who is closer to 
the end consumer to develop their production plans.

Production/delivery 
schedule:

Manufacturers can use their suppliers’ production or delivery schedule to improve their 
own production schedule. Additionally, suppliers can use manufacturers’ production 
schedule to ensure reliable re-supply.

Other information 
sharing:

Including performance metrics and capacity.

Source: Author’s work based on Lee and Whang (2000, cited in Cao et al., 2010)

According to Burt et al. (2005, p.198) information sharing can create synergies between supply chain members 
resulting in increased efficiency and effectiveness. Premadasa (2009) has stated information technology enables effective 
supply chain control, which uses various technologies for information sharing and distribution. Information sharing systems
are electronic data interchange, enterprise resource planning systems, trading exchanges, online communities, trading hubs, 
and electronic marketplaces. Burt et al. (2005, p.198-199) also stated several methods that firms are using to share 
information, including intranets and extranets, data warehouses, electronic supplier catalogs, electronically project 
management, and intelligent agents. Most of these systems are used for purely tactical information sharing leading to 
transactions for the transfer of goods, services, payments, schedules, and inventory levels. Burt et al. (2005, p.198) pointed 
out information sharing can be expanded to include strategic information, such as: reports, forecasts, demands, designs, 
specifications, tolerances, costs, processes, project updates, problems, performance measurements, inventory levels 
throughout the supply chain, and expansion plans. Essentially, almost all information relevant to decision-making can be 
shared.

Findings on Burt et al. (2005, p.198-199) stated two issues should be taken in to consideration in order to make an 
information sharing systems or electronic system capable of sharing tactical and strategic information: first, data must be in a 
form that is transferable and understandable and, second, the organizations involved must be willing to share critical and 
confidential information. Both of these requirements present problems in most supply chains. For data to be transferable, 
standards must be agreed upon between either the supply chain members or the key industry leaders. While the standards 

issue appears to be nearing resolution, the issue that may be insurmountable in some supply chains is the willingness to share
strategic information among members of the chain. 

Furthermore, Cao et al. (2010) stated that there is the unwillingness on part of organizations in the supply chain to 
share information with each other. Information is generally viewed as providing an advantage over competitors, and 
organizations refuse to accept sharing with their partners This hesitancy was due to a variety of factors, including the 
perceived threat of giving away competitive advantage to other organizations, the sharing of sensitive information such as 
inventory levels and production schedules with other channel members, and the potential of losing customers to other 
competitors Lancioni et al. (2000, cited in Cao et al., 2010), Ballou et al. (2000, cited in Cao et al., 2010), Croom et al.
(2000, cited in Cao et al., 2010).  

Relation-Long Term Relationships

According to Perumbuli (2010) has found many steps in creating an effective supply chain. The primary step of 
creating an effective supply chain is co-ordinating activities between suppliers and customers. However providing expenses 
for the problems between demand and supply should take an important place in this situation. Considering the possibility of 
developing a strategic partnership is another step of creating an effective supply chain as mentioned by Perumbuli (2010). 

Supplier relationship management (SRM) is defined as; the systematic management of supplier relationships to 
optimize the value delivered through the relationship over their life-cycle as reported on The Offshore Apparel Value Chain 
Integration Group (2011). The research conducted by Hahn et al. (1983, cited in Cook et al., 2010), De Toni and Nassimbeni 
(1999, cited in Cook et al., 2010), Choi and Hartley (1996, cited in Cook et al., 2010) stated building long-term relationships 
within a supply chain allows for familiarity and the opportunity for mutual bene
coordination in business decisions. Cook et al., (2010) stated maintaining extended relationships with partner companies is a 
pillar of Just in Time (JIT) principles Today, companies are focusing on supplier relationship management to reduce cost and 
minimize risks.  The organizations who successfully initiate, install, and implement a mutually beneficial, long-term 
relationship focused strategy will likely emerge ahead of the organizations unwilling to evolve and create change.

According to Stevens (1998, cited in Premadasa, 2009) organizations throughout the world are taking bold steps to 
break down both inter and inter-organizational barriers to smooth uncertainty and control of supply chains. The research 
conducted by Premadasa, (2009) stated Top management commitment towards supply chain integration is an important 
requirement for SCM. The reason for this is that supply chain optimization often requires individual members in a supply 
chain to subordinate their local interests for the greater interest of the supply chain. In addition, SCM efforts may require 
many partners in the supply chain to change their traditional practices to supply chain processes and this requires top 
management initiatives.

Furthermore, Christopher (1998, cited in Premadasa, 2009) stated Because SRM requires such intense management 
support and organizational resources, special management teams are often set up to manage integration efforts and ensure 
forward progress. This initiative must be implemented, supported, reinforced and driven by upper management. Findings on 
Burt et al. (2005, p.84) the primary benefits of SRM include Lower total cost and Reduced time to market. Reducing the time 
to design, develop and distribute products and services is a key driver that leads to improved market share and better profit 
margins.

Plan-Advanced Planning Systems

Adoption of advanced planning systems will enhance the internal efficiency of the organization as well as improving 
supply chain-related efficiencies. According to Cook et al. (2010) advanced planning and inventory control systems were 
perceived by many to be a core tool of SCM. According Premadasa (2009) The 1990s caught sight of increased globalization 
and the computer technology. In order to improve competitiveness, companies began realize the potential of information 
technology to dramatically transform their business. Instead of automating old, inefficient processes, companies began to 
reengineer business processes using technology as the enabler. This led to the development of advanced planning systems or 
ERP (Enterprise Resource Planning) systems such as SAP (Systems Applications and Products in Data Processing), Oracle 
that give complete visibility to the organization, integrating previously stand-alone systems. ERP became more acceptable 
during the mid-and late 1990s. More recently, the role of enterprise resources planning systems in integrating business 
processes was found to be relevant and important to remain in a competitive environment.
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According to Premadasa (2009) ERP is the next logical sophistication level in an evolutionary series of computer 
tools for material and supply chain management. ERP systems provide an integrated view of information across functions
within a company and with the potential to go across companies. In late 90s and the beginning of 21st century, electronic 
communications as opposed to paper transactions allow for a decrease in amount of lead- time required to replenish 
inventory. Cutting lead-time minimizes the risk of uncertainty in demand and decreases the probability of over or under-
stocking inventory. 

Another research finding of Hicks (1997, cited in Al-Mashari and Zairi, 2000) and Mullin (1997, cited in Al-
Mashari and Zairi, 2000) states the ERP systems represent an optimum technology infrastructure that, when integrated 
properly with a process-oriented business design, can support the supply chain management systems effectively. Companies 
such as SAP, Oracle have been developing state-of-the-art systems over the last decade. According to Cooke and Peterson 
(1998, cited in Al-Mashari and Zairi, 2000) and Keller and Teufel, (1998, cited in Al-Mashari and Zairi, 2000) “SAP R/3”
has emerged as the dominant leader in ERP systems, and is now one of the most used tools to optimize and re-engineer 
supply chain processes. Bancroft et al. (1998 cited in Al-Mashari and Zairi, 2000) in their study stated “SAP R/3” is an 
integrated suite of financial, manufacturing, distribution, logistics, quality control and human resources application systems.
“SAP R/3” brings together several core business functions into one integrated data model to provide for one-time data entry 
and the sharing of a fast, seamless access to one single facet of information. However, Al-Mashari and Zairi, (2000) states not 
all organizations adopt this technology. The reason for “SAP R/3” implementation is a difficult undertaking, in that its 
success necessitates managing adequately a complex context, which involves organizational changes across various key areas 
related to strategy, technology, culture, management systems, human resources, and structure. According to Watson (2006) 
MAS had originally implemented SAP in 1997, the first Asian apparel company to do so.

According to Cook et al. (2010) the implementation of advanced planning systems represents a strategic decision 
requiring a large investment of capital and managerial focus. Jonsson et al. (2007, cited in Cook et al., 2010) stated in
addition, with greater coordination between supply chain partners comes the need for applying the advanced planning 
systems (which were largely developed and instituted internally by companies) to an inter- . Karkkainen et 
al. (2007, cited in Cook et al., 2010) stated simultaneously, companies need to determine the purpose of using these systems 
from an inter- or requirement for such systems. As a result, the costs 
and bene Based  on  an  analysis  carried  on  a  
number  of  researches, this factor has been considered in other SCM frameworks in a variety of forms including use of 
advanced management and manufacturing technology, integrative inventory management systems, degree of IT adoption, 
scope of automated systems and operations-oriented applications. Chen and Paulraj (2004a, b, cited in Cook et al., 2010), 
Cigolini et al. (2004, cited in Cook et al., 2010), Jin (2006, cited in Cook et al., 2010), Kim (2006, cited in Cook et al., 2010), 
Sanders and Premus (2002, cited in Cook et al., 2010).

Internet-Leveraging the Internet

Emiliani (2000, cited in Gunasekaran and Ngai, 2003) states the internet has the scope to transfer complex 
information accurately and to reduce the delays as information passes up and down the supply chain. Lancioni et al. (2000, 
cited in Gunasekaran and Ngai, 2003) states that the internet helps to manage supply chain activities effectively by offering 
information about what kind of product is demanded, what is available in the warehouse, what is in the manufacturing 
process, and what is entering and exiting the physical facilities and customer sites. Based on an analysis carried on a number 
of researches, it was revealed that the most popular use of the Internet for SCM is in transportation, followed next by order
processing, managing vendor relations, purchasing procurement, and customer service. The internet make foreign markets 
more accessible, it now makes it much easier to integrate foreign customers, suppliers, and intermediaries into closely 
managed supply chain relationships, boosting savings and speeding innovation.

Lancioni et al. (2000) has pointed out the growth of the Internet has presented supply chains with many significant 
opportunities for cost reduction and service improvements. These opportunities include: 
On-line vendor catalogs from which buyers can find, select, and order items directly from suppliers without any human 
contact.

1) The ability to track shipments using a wide variety of modes including truck, rail, and air transport.
2) The ability to contact vendors or buyers regarding customer service problems from late deliveries, stock-outs, alterations 

in scheduled shipment dates, late arrivals, and a wide variety of other service issues.
3) The ability to reserve space in public warehouses for anticipated deliveries to market locations.

4) The ability to schedule outbound shipments from private and public distribution centers on a 24-hour basis.
5) The ability to provide 7-day/24-hour worldwide customer service.
6) The ability to receive orders from international customers.
7) The ability to check the status of orders placed with vendors.
8) The ability to place bids on projects issued by government and industry buyers.
9) The ability to notify vendors of changes in configurations in products that are produced to order.
10) The ability to pay invoices electronically and to check outstanding debit balances.
11) The ability to track equipment locations including rail cars, trucks, and material handling equipment.
12) The ability to directly communicate with vendors, customers, etc. regarding supply issues on a 7-day/24-hour basis via 

E-mail.
13) The ability to schedule pickups and deliveries.
14) The ability to be more responsive to customer service problems.
15) The ability to reduce service costs and response time.

With relevance to findings of Lancioni et al. (2000) the Internet has enabled U.S. textile & apparel firms to 
minimize the difficulty in their production scheduling by improving the communication between vendors, firms, and 
customers. The Internet will enable logistics managers to monitor their supply chain operations and reduce costs when 
inefficiencies arise. Lancioni et al. (2000) stated inventory management in manufacturing industry can be made more 
accurate with the use of bar code readers that can transmit stock levels to computers. The data can be accessed by the Internet 
and transmitted directly to logistics managers responsible for the inventory. This system is quicker and more accurate, since 
stock levels can be reviewed frequently. Ever since the introduction of the Internet, JIT systems take only half of the needed 
time to develop and to be put into operation.

RESEARCH METHODOLOGY

The population which is to be subjected to sampling will comprise of large apparel manufacturing companies in Sri 
Lankan. There are 849 garment factories Sri Lanka which are classified in to three groups such as large, medium and small 
industries based on the no of employees.

TABLE 2
POPULATION

Categories No of employees

Large Over 1000

Medium 501- 1000

Small 1-500

Source: Authors work based on Department of Census & Statistics. (2003),

Sample

In order to carry out this study 04 factories belongs to MAS Holdings will be selected which falls under the large 
category. There will be 30 supply chain managers and executives, selected from four MAS Intimates factory of MAS 
Holdings Sri Lanka. The selected factories will have an operational period of more than 10 years. The main reason for 
choosing this population is most of the strategic decisions relating SCM of the organization is handled by the supply chain 
executives. List of MAS Apparel (Appendix A)In October 2009 the MAS Holdings CEO made certain strategic changes in 
the reporting structure of the organization with the vision of creating one strong team that would serve the customer from 
acceptance of an order right up to on-time delivery at the required standards of quality as noted by Premaratne (2011). 
Underneath diagram is the organization structure of the company. (Refer Figure 4)
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According to Premadasa (2009) ERP is the next logical sophistication level in an evolutionary series of computer 
tools for material and supply chain management. ERP systems provide an integrated view of information across functions
within a company and with the potential to go across companies. In late 90s and the beginning of 21st century, electronic 
communications as opposed to paper transactions allow for a decrease in amount of lead- time required to replenish 
inventory. Cutting lead-time minimizes the risk of uncertainty in demand and decreases the probability of over or under-
stocking inventory. 

Another research finding of Hicks (1997, cited in Al-Mashari and Zairi, 2000) and Mullin (1997, cited in Al-
Mashari and Zairi, 2000) states the ERP systems represent an optimum technology infrastructure that, when integrated 
properly with a process-oriented business design, can support the supply chain management systems effectively. Companies 
such as SAP, Oracle have been developing state-of-the-art systems over the last decade. According to Cooke and Peterson 
(1998, cited in Al-Mashari and Zairi, 2000) and Keller and Teufel, (1998, cited in Al-Mashari and Zairi, 2000) “SAP R/3”
has emerged as the dominant leader in ERP systems, and is now one of the most used tools to optimize and re-engineer 
supply chain processes. Bancroft et al. (1998 cited in Al-Mashari and Zairi, 2000) in their study stated “SAP R/3” is an 
integrated suite of financial, manufacturing, distribution, logistics, quality control and human resources application systems.
“SAP R/3” brings together several core business functions into one integrated data model to provide for one-time data entry 
and the sharing of a fast, seamless access to one single facet of information. However, Al-Mashari and Zairi, (2000) states not 
all organizations adopt this technology. The reason for “SAP R/3” implementation is a difficult undertaking, in that its 
success necessitates managing adequately a complex context, which involves organizational changes across various key areas 
related to strategy, technology, culture, management systems, human resources, and structure. According to Watson (2006) 
MAS had originally implemented SAP in 1997, the first Asian apparel company to do so.

According to Cook et al. (2010) the implementation of advanced planning systems represents a strategic decision 
requiring a large investment of capital and managerial focus. Jonsson et al. (2007, cited in Cook et al., 2010) stated in
addition, with greater coordination between supply chain partners comes the need for applying the advanced planning 
systems (which were largely developed and instituted internally by companies) to an inter- . Karkkainen et 
al. (2007, cited in Cook et al., 2010) stated simultaneously, companies need to determine the purpose of using these systems 
from an inter- or requirement for such systems. As a result, the costs 
and bene Based  on  an  analysis  carried  on  a  
number  of  researches, this factor has been considered in other SCM frameworks in a variety of forms including use of 
advanced management and manufacturing technology, integrative inventory management systems, degree of IT adoption, 
scope of automated systems and operations-oriented applications. Chen and Paulraj (2004a, b, cited in Cook et al., 2010), 
Cigolini et al. (2004, cited in Cook et al., 2010), Jin (2006, cited in Cook et al., 2010), Kim (2006, cited in Cook et al., 2010), 
Sanders and Premus (2002, cited in Cook et al., 2010).

Internet-Leveraging the Internet

Emiliani (2000, cited in Gunasekaran and Ngai, 2003) states the internet has the scope to transfer complex 
information accurately and to reduce the delays as information passes up and down the supply chain. Lancioni et al. (2000, 
cited in Gunasekaran and Ngai, 2003) states that the internet helps to manage supply chain activities effectively by offering 
information about what kind of product is demanded, what is available in the warehouse, what is in the manufacturing 
process, and what is entering and exiting the physical facilities and customer sites. Based on an analysis carried on a number 
of researches, it was revealed that the most popular use of the Internet for SCM is in transportation, followed next by order
processing, managing vendor relations, purchasing procurement, and customer service. The internet make foreign markets 
more accessible, it now makes it much easier to integrate foreign customers, suppliers, and intermediaries into closely 
managed supply chain relationships, boosting savings and speeding innovation.

Lancioni et al. (2000) has pointed out the growth of the Internet has presented supply chains with many significant 
opportunities for cost reduction and service improvements. These opportunities include: 
On-line vendor catalogs from which buyers can find, select, and order items directly from suppliers without any human 
contact.

1) The ability to track shipments using a wide variety of modes including truck, rail, and air transport.
2) The ability to contact vendors or buyers regarding customer service problems from late deliveries, stock-outs, alterations 

in scheduled shipment dates, late arrivals, and a wide variety of other service issues.
3) The ability to reserve space in public warehouses for anticipated deliveries to market locations.

4) The ability to schedule outbound shipments from private and public distribution centers on a 24-hour basis.
5) The ability to provide 7-day/24-hour worldwide customer service.
6) The ability to receive orders from international customers.
7) The ability to check the status of orders placed with vendors.
8) The ability to place bids on projects issued by government and industry buyers.
9) The ability to notify vendors of changes in configurations in products that are produced to order.
10) The ability to pay invoices electronically and to check outstanding debit balances.
11) The ability to track equipment locations including rail cars, trucks, and material handling equipment.
12) The ability to directly communicate with vendors, customers, etc. regarding supply issues on a 7-day/24-hour basis via 

E-mail.
13) The ability to schedule pickups and deliveries.
14) The ability to be more responsive to customer service problems.
15) The ability to reduce service costs and response time.

With relevance to findings of Lancioni et al. (2000) the Internet has enabled U.S. textile & apparel firms to 
minimize the difficulty in their production scheduling by improving the communication between vendors, firms, and 
customers. The Internet will enable logistics managers to monitor their supply chain operations and reduce costs when 
inefficiencies arise. Lancioni et al. (2000) stated inventory management in manufacturing industry can be made more 
accurate with the use of bar code readers that can transmit stock levels to computers. The data can be accessed by the Internet 
and transmitted directly to logistics managers responsible for the inventory. This system is quicker and more accurate, since 
stock levels can be reviewed frequently. Ever since the introduction of the Internet, JIT systems take only half of the needed 
time to develop and to be put into operation.

RESEARCH METHODOLOGY

The population which is to be subjected to sampling will comprise of large apparel manufacturing companies in Sri 
Lankan. There are 849 garment factories Sri Lanka which are classified in to three groups such as large, medium and small 
industries based on the no of employees.

TABLE 2
POPULATION

Categories No of employees

Large Over 1000

Medium 501- 1000

Small 1-500

Source: Authors work based on Department of Census & Statistics. (2003),

Sample

In order to carry out this study 04 factories belongs to MAS Holdings will be selected which falls under the large 
category. There will be 30 supply chain managers and executives, selected from four MAS Intimates factory of MAS 
Holdings Sri Lanka. The selected factories will have an operational period of more than 10 years. The main reason for 
choosing this population is most of the strategic decisions relating SCM of the organization is handled by the supply chain 
executives. List of MAS Apparel (Appendix A)In October 2009 the MAS Holdings CEO made certain strategic changes in 
the reporting structure of the organization with the vision of creating one strong team that would serve the customer from 
acceptance of an order right up to on-time delivery at the required standards of quality as noted by Premaratne (2011). 
Underneath diagram is the organization structure of the company. (Refer Figure 4)
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Sampling Technique

Due to the nature of this study, Stratified random sampling will be the most appropriate statistical method. Stratified 
random sampling is the categorization of homogeneous groups in a population which is known as stratum. The population 
will be divided into three distinct categories as MAS Intimates, MAS Active, MAS Fabrics and these divided categories will 
be considered as individual stratum. From these stratums, individual elements will be randomly selected for testing. The
stratification of the chosen population is as follows; (Refer Figure 4)

FIGURE 1
SAMPLE ILLUSTRATION

Apparel
manufacturing

companies

Large Medium Small

MAS Intimates

11 Garments
Factories

MAS Active

12 Garments
Factories

MAS Fabrie

06 Garments
Factories

MAS Apparel

Bodyline
10

Unichela
10

Slimline
10

Sample = 30
SC

Employees

Source: Author’s work based on Premaratne (2011) and Peiris (2009)

The manufacturing facilities as well as the corresponding service entities of MAS were reorganized into the three 
main divisions MAS Intimates, MAS Active, MAS Fabrics, under MAS Apparel. The entities of MAS Intimates, MAS 
Active provide design to delivery solutions for intimate apparel, activewear and sportswear respectively and the entities of 
MAS Fabrics integrate the supply chain for MAS Apparel.

At present the core operations of the company could be categorised under four broad areas namely, Customer & 
Product Development, Supply Planning & Production Control, Manufacturing Excellence and Corporate Quality. Currently 
operations are managed by the Senior Management who report to the CEO.  This management team consists of the Financial 
Controller, Head of Supply Planning & Production Control, Head of HR & Admin, Productions Managers, Purchasing 
Manager, Planning Manger, HR Manager, IT Manager, Head of Quality & MOS and Technical Manager. The Head of 
Operations and Supply Chain Managers who are engaged with SCM will be entitled for this survey. 

Secondary Data Collection Methodology

Data required to analyze theoretical back ground hypothesis is accompanied through a survey which is conducted by 
different MAS Holdings companies, news paper articles. The secondary data will be collected from by requesting past data 
and performance figures from the relevant Operations department, HR departments and IT Departments via face to face 
interviews and discussions. Furthermore relevant publication in the fields of supply chain management by the Sri Lanka 
Institute of Textile & Apparel will be referred.

TABLE 3
TYPE OF SECONDARY DATA

Type of Secondary Data Data source Year Authorisation

Survey conducted on Supply Chain 
integration through collaboration 
and relationship transformation

Survey conducted by the MAS 
Holdings-Bodyline 2010

MAS Holdings 

Analysis of the factors influencing 
improvement in apparel sector 

Research Articles and other news 
paper articles regard to Sri Lankan 
apparel sector 

2004 -
2010

Published by the 
different authors  

Source: (Author’s work, 2012)

The Supply Chain of MAS Holdings-Bodyline

MAS Holdings is structured as a unique three-way Joint Venture partnership between MAST Industries of USA, 
Triumph International of Germany, and MAS Holdings of Sri Lanka. 

FIGURE 2
THE JOINT VENTURE

A Supply Chain can be defined as the set of activities involved in moving a product from the ultimate supplier to the 
ultimate customer. With regard to Bodyline, its supply chain could be identified as the set of core business processes that 
create and deliver the product (lingerie) from concept through development and manufacturing, into the market for 
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A Supply Chain can be defined as the set of activities involved in moving a product from the ultimate supplier to the 
ultimate customer. With regard to Bodyline, its supply chain could be identified as the set of core business processes that 
create and deliver the product (lingerie) from concept through development and manufacturing, into the market for 
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consumption. The chain is viewed as a whole, a single entity rather than fragmented groups, each performing its own 
function.  A graphical representation of Bodyline’s supply chain (in relation to the JV model) is given below.

FIGURE 3
THE SUPPLY CHAIN OF BODYLINE

The above diagram depicts the position of Bodyline relative to its upstream and downstream in the value system. All 
orders from the customers are channelled through the Development House, where the designing and development of the 
styles are carried out at the outset. The consumptions of the each style is also arrived at by the Development House and 
offered to Bodyline, nominating the raw material suppliers from which Bodyline should procure. In this cycle, Development 
House keeps direct contact with the suppliers as well as with Bodyline; in return Bodyline also does keep contacts with the 
customer in terms of quality and garment delivery schedules. 

FIGURE 4
VALUE CHAIN OF BODYLINE

In this model, which accounts for more over 80% of present business, what is expected from Bodyline is purely the 
role of manufacturer, where the company is positioned as the production facility of the supply chain, strictly adhering to the 
instructions given by the Development House, engaged in the task of converting the procured inputs from nominated 
suppliers into outputs of finest quality and superior workmanship. Thus in terms of the JV model, it can be concluded that 
Bodyline’s current strategy is to function as a multi customer focused apparel manufacturer, operating in the ladies’ 
foundation garments segment, having a well diverse portfolio ranging from intimates to sportswear and swimwear. However, 
this is a limited role played by Bodyline in the present JV, relative to the company’s potential. 

Integrated Supply Chain Strategy of Bodyline

In terms of the supply chain, the current strategy is to focus on internal supply management (rather than a supply 
chain management strategy) to optimise the process of getting inputs from the suppliers to the point of production on time 
and within the schedules. In other words, the focus is to establish proper discipline in the RM process and to bring down 
stock writeoff to the lowest possible level.

A strong supply chain strategy can define a unique end state that has the potential to change the competitive 
landscape. Initial focus of Bodyline Integrated Supply Chain Strategy will be to achieve control over capacity fulfilment and 
cost. Next would be to better integrate with the upstream and downstream of the supply chain. Final stage would be to pursue 
innovation strategy towards being self reliant (full service capability). (Figure 08)

FIGURE 5
BODYLINE STRATEGIC PATH 2010-2020

The generic business strategy will be the philosophies of operation which will have universal appeal throughout the 
company as well have a considerable impact on its supply chain partners. This business strategy should be correlated with the 
supply chain strategies.   

Up to 2015 core focus will be a low-cost strategy to achieve control over cost and capacity utilisation, and to be 
fully integrated with the supply chain. This business strategy implies a supply chain strategy that cut costs and is in full 
synchronisation with the supply chain. Hence Bodyline should favour a supply chain strategy of rationalisation and 
synchronisation up to 2015.  
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Ultimate state for Bodyline (to be achieved by 2020) is to be recognised as an entrepreneurial company that is led by 
design and innovation in products and processes. Indeed the company should adopt a differentiation strategy for this purpose.
A differentiation business strategy means a supply chain that achieves the ability to serve the mass market yet be different 
from competitors on one or more dimensions. Hence Bodyline should adopt a customisation and innovation focused supply 
chain strategy.

Detailed Explanation of The Supply Chain Strategies-Bodyline

FIGURE 6
DETAILED EXPLANATION OF THE SUPPLY CHAIN STRATEGIES BODYLINE

Rationalisation strategy is aimed at containing operating costs. Under this strategy Bodyline will focus on managing 
operating costs through supply chain management to achieve its low-cost strategy and greater profitability than its 
competitors.

Synchronisation strategy is aimed at balancing supply with demand. From this strategy Bodyline will aim to achieve 
reliable and flawless supply chain execution (the right product at the right place at the right time) so as to be able to produce 
the same volume of output with less production capacity and inventory. Collaboration and integration with the supplier base 
will be paramount to reap benefits of synchronisation. This aspect is the key area of focus for the project undertaken by the 
author. Detailed elaboration is given in the project definition report.  

Customisation strategy aims to enhance the customer interface. From this strategy Bodyline will build a unique capability 
using the supply chain to enhance customer relationships, which will lead to higher gross margins. Benefits will be obtained 
through improved responsiveness and higher flexibility.   

Innovation strategy is focused on achieving rapid new product development. Under this supply chain strategy Bodyline will 
use its supply chain activities to enable rapid, frequent and effective new product developments and introductions to the 
market, which will enhance the image of the company as innovator in the mind of the brand owners, which will lead to 
acceleration of revenue.    

Integrated supply chain strategy – The above strategies should not be pursued in isolation. Bodyline executes an integrated 
strategy to get the benefits from all four strategies combined. The benefit of an integrated strategy is that there is a strong 
synergy between strategies if they are sequenced properly. (Refer Above Figure 09)

Strategy Specific Value-Adding Supply Chain Management Tactics of MAS Holdings Bodyline
Underneath given tactics can also be considered as different strategy specific projects that represent the implementation of the 
supply chain strategies explained above.
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Segmental Analysis of Bodyline’s Supply Chain Based on Customer/Market Channels  

The below analysis is done to understand the key characteristics of each customer/market channel and where 
Bodyline is currently adding value. This analyze will also help identify the alternative ways in which the company could 
integrate into the channel. (Table 06) 

TABLE 4
SEGMENTAL ANALYSIS OF BODYLINE’S SUPPLY CHAIN

(Source: Abeysinghe, 2010)

TABLE 5
SEGMENTAL ANALYSIS OF BODYLINE’S SUPPLY CHAIN

(Source: Abeysinghe, 2010)

Relation-Long Term Relationships

With the exception of a few suppliers, the present nature of relationship between Bodyline and its suppliers can be 
identified as ‘transactional’ where neither party is especially concerned with the well being of the other. An arm’s length 
relationship exists, where there is little or no concern about the other party’s well being. When one party wins, the other 
loses.  

Focus is on honouring and executing transactions, where each is regarded as one of a series of independent deals. 
Each transaction is entered into on its own merits, and focus is to execute as per the instructions given by the development 
houses.  

Little or no basis exists for collaboration and learning. Data and especially forecasts are not shared. There is a less 
degree of openness, trust, and respect between the company and the suppliers. 

Underneath are the key issues arising from the present ‘transactional’ nature of relationship with the suppliers, and 
thus the key focus areas this project will address.
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Key Issues and Impact on the Company

1) Communication difficulties, gaps and conflicts in determining priorities. 
2) Considerable effort, time and investment required in expediting and monitoring the orders to ensure timely delivery 

at the right quality. 
3) The present relationships are inflexible when flexibility is required. 
4) Often result in delivery issues when compared with collaborative relationships. 
5) Quality will only be as per the requirement. There is no incentive to improve quality.
6) Provide the minimum service required. 
7) The suppliers have much less to lose from Bodyline being dissatisfied (except for claims), compared to that in a 

collaborative relationship. 
8) Bodyline is most often subject to supply disruptions and resultant pressure from customers solely due to supply 

shortages by transactional suppliers. 
9) Suppliers are not motivated to invest time and effort to improve the service.

Raw Material Supply Base Analysis

In order to support the business strategy as well as speed to market requirements of the customers, strategic 
positioning of the raw material supply base will be of paramount importance.    

Distribution of Bodyline Raw Materials using the Kralijic’s Purchasing Model 

FIGURE 7
KRALIJIC’S PURCHASING MODEL

(Source: Abeysinghe, 2010)

Bodyline’s current raw material supply base is around USD 50 million. Strategic items account for 70% of our 
purchases (refer below graph).  These items have high financial impact and supply risk. Further, there is only one supplier for 
these items. Hence there is significant amount of overdependence on these Suppliers.  

FIGURE 8
SUPPLY SOURCE 2009

(Source: Abeysinghe, 2010)

FIGURE 9
RM ITEM MIX 2009

(Source: Abeysinghe, 2010)
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FIGURE 10
KEY SUPPLIERS 2009

(Source: Abeysinghe, 2010)

FIGURE 11
RM COST BY CUSTOMER 2009

(Source: Abeysinghe, 2010)
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Supplier % purchases

Denier 0.00%

Fredenbrg 0.00%

Jessop & Baird 0.16%

Kurimoto 0.01%

Maxfoam Industries 1.01%

Metric Products 0.00%

Regina Miracle 74.54%

SF Mould 0.03%

Silueta 22.56%

Strong Castle 0.44%

Tensuel 0.03%

Vanessa Holding 0.99%

Wai Seng 0.12%

Yick Shun 0.09%

Total 100.00%

Count 14                

Supplier % purchases

Dynafield 0.87%

Edge Fastner 5.85%

Prym Consumer HK 0.06%

Prym Intimates Lanka 88.32%

Texco Hook & Eye 4.89%

Total 100.00%

Count 5                  

Supplier % purchases

Amann Asia 1.53%

American & Efird 7.74%

Coats (Thailand) 0.15%

Coats Thread Export 80.92%

Gunzetal 1.01%

MCC Garment 0.02%

Triumph (TI-Sub) 8.63%

Total 100.00%

Count 7                  
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Supplier % purchases

Bbf Hong Kong 2.26%

Best Pacific Textile 0.96%

Body Fashion (M) 2.50%

Body Fashion (Thailand) 0.77%

Derun Industrial 0.30%

Dogi Efa 0.63%

Dogi Fabrics (Jiangsu) 0.39%

Eclat Textile 0.56%

Eschler Thaiknit 0.11%

Eurojersey 6.22%

Formosa Taffeta 0.02%

Freudenbrg & Vilene 0.01%

Gemma Knits 1.13%

Giantform Enterprise 0.00%

Guangdong Jlip Holdings 0.00%

Hk Bonding Fabric 0.06%

Intimate Fashions 0.45%

Intissel Lanka 0.00%

Iris Textile 0.51%

Kichi Corporation 0.06%

Kurimoto 4.82%

Lantor Lanka 0.00%

Linea Aquq 0.00%

Mackent Fabrics 0.18%

Marcel Liebaert 0.01%

MAS Intimates 0.29%

Men-Chuen Fiber 0.68%

Miti  Manifattura Italiana 0.00%

Nanjing Yuyuang 0.32%

Noyon 0.78%

Ocean Lanka 0.01%

Pacific Textiles 32.12%

Penn Asia 0.33%

Pretty Ribbon Works 0.22%

Prym Intimates 0.40%

Ray-Fabrics 3.62%

Regina Miracle 0.00%

Ruey Tay Fibre 18.89%

San Shue 0.48%

Sun Hing Elastic & Lace 0.05%

Taubert Textile 0.27%

Texcon Enterprises 2.57%

Tex-Ray 0.03%

Textprint Lanka 0.14%

Thomas Kershaw 0.00%

Throne Interntional 0.06%

Tong Siang 0.03%

Triumph (TI-Sub) 15.35%

Vanessa 0.03%

Well Source 1.10%

Willingtex 0.01%

Willy Hermann 0.01%

Y.R.C. Textile 0.23%

Yancheng 0.02%

Yu Yuang Textile 0.00%

Total 100.00%

Count 55                

Supplier % purchases

Bemis Hong Kong Limited 2.54%

Body Fashion (M) 1.65%

Body Fashion (Thailand) 0.11%

Burltex Lanka 0.02%

Carta (HK) 0.08%

Cheynet Rubans 0.03%

Chun Yu Ribbon 0.15%

Dynafield 2.12%

Fantasia Elastics 0.03%

Filpar Srl 0.00%

Gabler-Band 0.00%

JRC Refflex 0.00%

Julius Boos Jr. 0.01%

Kurimoto 0.31%

MCC Garment 0.05%

New Horizon Elastic 0.00%

Pioneer Elastic 30.99%

Plymouth 0.00%

Prym Intimates 3.69%

Pt. Stretchline 1.92%

Rich Chest 1.77%

S.F.Corp. 0.56%

San Shue Industrial 0.01%

Satab Asia 0.04%

Stretchline (Pvt) Ltd 39.45%

Stretchline Hong Kong 0.53%

Sun Hing Elastic & Lace 0.11%

Taiwan Paiho 0.29%

Texco Hook & Eye 13.35%

Thai Takeda Lace 0.05%

Triumph (TI-Sub) 0.11%

Union Pioneer 0.03%

Velcro Hong Kong 0.00%

Total 100.00%

Count 33                

Plan-Advanced Planning Systems

Initial implementation started in 1998 where Slimline went live in Feb 2000 with MM, PP, FI&CO and SD on SAP 3.1I 
and AFS 1.0D. Each subsequent implementation was based on the business process of the company. MAS companies had 
independent management teams and operating models. The project team formed a Strategic Business Unit and became Rapier 
Consulting, the internal consulting arm of MAS Holdings.  The services of Rapier were extended to companies outside the 
group as well. Attune Consulting was formed as a joint venture between MAS Holdings and three more joint venture 
partners. At present Attune Consulting is the largest AFS Consulting firm in the world. In 2007 the internal SAP support 
teams were amalgamated and a MAS internal SAP team was formed. MAS Holdings have recognized following benefits with 
the integration via SAP:

1) Faster planning
2) Improved forecasting accuracy
3) Enabling speed sourcing
4) Total visibility to forecasts & stock levels at all levels of the supply chain
5) Operational transparency to bring stability and cost savings for the plant as well as the customer
6) Shipment planning
7) A  knowledge hub;

A platform for sharing product ideas
Visibility to development planning

MAS Holdings has eight live SAP instances and three ongoing projects. Each instance ranges from a single location 
to ten locations connected by a WAN. Wintel platform with SQL server is used at all locations. Only two companies within 
the MAS Group do not run SAP. Future plans for amalgamation of systems. By 2013 the plan is to have one SAP system 
across MAS Holdings.

Complexity of Consolidating Supplier Codes for Spend Analysis

1) Supplier Codes are standardized with the systems of joint venture partners.  These cannot be changed without 
changing the dependant systems of joint venture partners.

2) Supplier Codes can use Numerics or Text, if one system has text changing it to a numerics or Vice versa is a very 
complex exercise and involves changes in all reports and tables.

3) In some of the non SAP systems that are home grown the original programmers have left the company and changing 
the table structures is not straight forward.

4) In the SAP systems if there are open purchase orders then the supplier codes cannot be changed..
5) Consolidation of supplier codes is not easy as it looks.

Bodyline & the proposed suppliers both are using SAP as the Management information system (MIS). This & the 
common structure among these organizations will enable in integrating both MIS. This will enable Bodyline to gain a higher 
visibility towards suppliers & the current state of their orders. Further this can be used as a method of transferring 
information such as order placements & invoice related date transfers which will reduce duplication of work among two 
parties & get a faster feedback & make decisions faster. Information technology department coordinate in integrating SAP 
between Bodyline & supplier base.

Distribution of Turnover – 2010

MAS Holdings primary business objective was achieved with the Turnover exceeding of USD 150 million in 2010,
through the existing customer base and with the introduction of the new customers from swimwear and intimate categories. 
USD 30 million of the incremental business came from the year on year growth from the existing customer base and the 
balance USD 20 million came from the two new customers. The total capacity has grown up to 22 million units per annum in
2010 from the current 15 million units per annum. (Figure 15, 16)
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5) Consolidation of supplier codes is not easy as it looks.

Bodyline & the proposed suppliers both are using SAP as the Management information system (MIS). This & the 
common structure among these organizations will enable in integrating both MIS. This will enable Bodyline to gain a higher 
visibility towards suppliers & the current state of their orders. Further this can be used as a method of transferring 
information such as order placements & invoice related date transfers which will reduce duplication of work among two 
parties & get a faster feedback & make decisions faster. Information technology department coordinate in integrating SAP 
between Bodyline & supplier base.

Distribution of Turnover – 2010

MAS Holdings primary business objective was achieved with the Turnover exceeding of USD 150 million in 2010,
through the existing customer base and with the introduction of the new customers from swimwear and intimate categories. 
USD 30 million of the incremental business came from the year on year growth from the existing customer base and the 
balance USD 20 million came from the two new customers. The total capacity has grown up to 22 million units per annum in
2010 from the current 15 million units per annum. (Figure 15, 16)
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FIGURE 12
DISTRIBUTION OF TURNOVER BY CUSTOMER/PRODUCT CATEGORY

FIGURE 13
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In order to analyze and evaluate the relationship between the dependent variable and the independent variables, a 
questionnaire will be prepared to determine the effectiveness of the SCM in Garment industry. The questionnaires will be 
given out to the Operations department heads and the supply chain executives, in leading MAS Holding companies. Further 
in order to analyze these variables face to face interviews also being conducted with the supply chain managers in order to 
identify the effectiveness of the variables. And also it gives accurate information. This will give relevant information to 
assess the variables hypothesis clearly.

In order to evaluate the collected data for the Effective supply chain questionnaire Mean, Mode, Frequency and 
standard deviation was used. Following table indicates the Cronbach's Alpha findings for the reliability test conducted on the
data gathered via the questionnaire. A sample questionnaire in presented in Appendix (B)

TABLE 6
RELIABILITY STATISTICS

TABLE 7
OVERALL SUMMARY OF PRIMARY RESEARCH FINDINGS

Cronbach's Alpha

.704

VARIABLE MEAN STANDARD 
DEVIATION

FREQUENCY

Integrated Supply Chain Strategy 3.93 0.49 4-4.99

Share-Information Sharing 2.80 0.403 2-2.99
Relation-Long Term 
Relationships

4.24 0.302 4-2.99

Plan-Advanced Planning Systems 3.92 0.518 4-4.99
Internet-Leveraging the Internet 3.36 0.588 3-3.99
Effectiveness of the SCM 3.73 0.339 3-3.99
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4.2.2 Integrated Supply Chain Strategy

According to the survey results it’s clear that MAS Holdings mainly manage its supply chain with close partnerships 
with suppliers/customers, JIT supply, subcontracting, plan strategically, many suppliers and by holding a safety stock. These 
are the main strategic tools used by the company. Results show that respondents answered production, procurement, 
operations, storage and inventory as very important internal functions of the organization. Most of respondents agreed to all 
recommended principal objectives in developing SCM in the company. They answered very strongly agreed on benefits to 
the clients, improved customer service and reducing paperwork. Main reasons to implement integrated supply chain strategy 
is to gain a strategic advantage, pressure to keep up with competitors, improve interaction and communication with suppliers 
and customers, simplify and standardize systems and restructure company. Most of the respondents agreed on that statement. 
Finally respondents answered financial management as the main advantage in integrated supply chain strategy. 

Share-Information Sharing

MAS Holdings mainly outsource company web site design/hosting, credit control, IT support/training and computer 
and hardware purchasing. Most of the respondents agreed on increase productivity, minimize risk when it come to what lead 
the decision to outsource. All the respondents averagely agreed on advantages and disadvantages of outsourcing.

Its clear MAS Holdings will invest on outsourcing on the above areas to minimize risk and to increase the quality.

Relation-Long Term Relationships

Length of partnership with suppliers is shown in the below table.

Length of partnership with clients is shown in the below table.

MAS Holdings consider better relationships with suppliers in order to get better quality raw materials, cost benefits 
and simplify the ordering process. MAS Holdings consider better relationships with clients in order to have simplified the 
design stage and to provide better quality products. The survey results shows trust, reliability of supply, top management 
support, mutual interest, joint business planning and integrated information system are the key factors in effective SCM 
relationships with the suppliers and clients. Most of the respondent agreed on low commitment of partners and poor 
understanding of the concept are the major barriers to apparel SCM relationships.
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Plan-Advanced Planning Systems

It is evident that Senior/Middle administrative management, Head of Departments and designers are ones mainly 
responsible to initiate SAP system in the organization. Most of the respondents strongly agreed on increase demand for real 
time information, capability for decision making as the reasons for implementation of SAP system in the company.
According to the survey results, after the implementation of SAP system MAS Holdings information response time has 
increased, interaction across company has increased, order management/order cycle improved, financial cost has decreased, 
lowered inventory levels. The respondents identified cost of software and implementation a main problem in implementing 
the SAP system.

Internet-Leveraging the Internet

1. 

According to the survey results most of the respondents agree on that they use web effectively within the organization.

2.

According to the survey results most of the respondents agree on that they use web effectively to reach customers of their 
organization.

3.

According to the survey results most of the respondents agree on that they use web effectively to streamline operations 
internally of the organization.

4.

According to the survey results most of the respondents agree on that they use web effectively to interact with customers of 
their organization.

5.
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According to the survey results most of the respondents agree on that they use web effectively in training and development 
within the organization.

Effectiveness of the SCM

According to the questionnaire 66.7% of them have Rs. 80.1-100.0 (Mn) annual revenue in their organization. 
33.3% of them have Rs. 100.1 (Mn) annual revenue in their organization. 

According to the questionnaire 33.3% of respondents working company has 701-900 employees while 66.7% has 
901-1000 employment strength.

According to the questionnaire MAS Holdings is managing its general supply chain activities successfully.

According to the questionnaire MAS Holdings main supply chain operating modules are stock purchase, production, 
logistics and quality management.

Recommendations

The following recommendations are based on the conclusion drawn from the survey results and the literature 
outcomes.

Sri Lankan garment manufacturing firms need to develop and adopt a culture of strategic planning/thinking. This 
will necessarily need top management commitment and coordination between main clients, suppliers, and designers.
Internal coordination is an important prerequisite for successful SCM. Internal integration involves achieving 
seamless integration of organization functions (logistic, operation, etc) facilitated by reorganizing the organizational 
structure around key business process.
It is strongly recommend to increase the trust level among SCM partners, as working with the supplier as a partner 
in a long-term relationship of Loyalty and trust would improve the quality and decrease the cost of production, 
therefore the garment manufacturing firms are urged to invest their time and resources needed to enable all 
participants to build a trusting relationship.
Increasing the awareness of the mutual benefits of SCM among the organizations that participates in the relationship 
which is considered as an important step in facilitating SCM.

CONCLUSION

This study was mainly focused on effective supply chain management in Garment industry of Sri Lanka. The 
problem justification of this study was based on supplier management which is a key issue of SCM because the cost of raw 
materials and component parts constitute the main cost of a product. This research was proved based on the past literature 
review that there is a relationship between effectiveness the SCM and other independent variables like integrated supply 
chain strategy, information sharing, long-term relationship with suppliers & customers, advanced planning systems and 
internet usage.

In order to derive the sample size, stratified random sampling method will be used and a sample size of 30 was 
selected from the population which includes Operational Heads, supply chain managers and executives from four factories of 
MAS Holdings. Very effective research approach and stratified random sampling methodology has being utilized in order to 
develop and combine the strata’s. Questionnaires and r4andom face to face interviews are conducted in order to gather 
primary data of the sample. In order to provide an analytical and meaningful data interpretation descriptive statistic such as, 
Mean/ Standard deviation and T- test are utilized. 

The primary data congregated through questionnaires and some interviews elucidate that the relationship of the 
dependent and independent variables of the study clearly shows strong positive relationships between the dependant and 
independent variable. When analyzing the research questionnaire, MAS Holdings tries to implement suitable supply 
management system to their organization to be competitive in the industry. The study reveals that MAS Holdings companies 
are more oriented towards clients rather than their suppliers in the supply chain. They have more arrangements with clients 
than suppliers. Owing to the aggressive business mentality of the industry and the non-trusting climate. MAS Holdings have 
a tendency to pay more attention to clients who provide their workload.

Current research suggests that this level of integration is still lacking in the garment manufacturing process. In Sri 
Lanka not all organizations adopts effective SCM practices. The reason is implementation of SCM practices involves 
organizational changes across various key areas related to strategy, technology, culture, management systems, human 
resources, and structure. Therefore this study will provide an idea to future researcher and other organizations the importance 
of SCM.
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ABSTRACT

Through cloud computing technology, information can be collected and analyzed in real time; the infrastructure 
to maintain a demand-supply balance is also made available. If product cost can be comprehensively grasped in real 
time, decision-making to adjust the demand-supply balance would be possible. The purpose of this study is to build an 
algorithm to compute product costs in real time from the information on changing market conditions. Cost is computed 
for each process by combining Activity-Based- Costing and IDEF0 Process Modeling, which shows how the cost of 
each process will change owing to any change in actual sales volume and market price of raw materials. This facilitates 
access to detailed cost information in real time.

KEYWORDS
Demand-Supply Balance, Activity-Based-Costing, IDEF0, Real Time, Product Cost

INTRODUCTION

The spread of cloud computing in recent years has led to the collection and analysis of information in real time. 
Cloud computing technology helps achieve the demand-supply balance in real time. This technology is useful for making 
decisions regarding the quantum of production or price, in a changing business environment. Moreover, the 
demand-supply balance appears as a change of cost. Therefore, the purpose of this research is to achieve the 
demand-supply balance by building an algorithm that computes product cost in real time. The cost is computed through a 
combination of activity-based costing and IDEF0 Business Process Modeling for every activity. Cost is shown clearly by 
any change in the market environment, such as volume of sales. How the cost of each activity changes is described. The 
change in business conditions can be grasped in real time and a structured target can be maintained with a change in each 
expense or profit. Thus, a detailed profit-and-loss management system can be achieved.

In this research, a business process is described through IDEF0 and an activity cost model is created by using a 
Structure Matrix, which expresses activity cost with a matrix. Each expense in the matrix is used as a parameter. Then, 
when information is given from the cloud, a parameter calculation algorithm is created, which tracks the changes in each 
parameter. These two models are united and a real-time demand-supply balance model is proposed.

ACTIVITY COST MODEL

In order to visualize the structure of product cost, detailed cost is expressed by combining business process 
modeling and ABC (activity-based costing) through the Integrated Computer-Aided Manufacturing Definition Method 
(IDEF0) [1]. Structure Matrix of Toyama [2] is used to express cost. As an example in this research, the range of products 
of a full-service coffee shop is used, and the objects derive from a visitor who comes into the store for clearing up of the 
goods. Goods are types of "coffee” in this instance.
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IDEF0 BUSINESS PROCESS MODELING

The introduction and the target business process were modeled through IDEF0. Figure 1 describes the cardinal 
rules of the model. An activity is denoted by a rectangle and any correspondence with the activity is shown through the 
four arrows. Input (I) is changed by an activity. Output (O) is produced by the activity or it is the execution result of an 
activity. Control (C) is usually what restrains an activity and directs its execution. A mechanism (M) is a person, 
equipment, a machine, or other organizations, which carry out an activity. This, together, is called ICOM. Moreover, 
another rule is that a single point of view is used, which is fixed from the beginning to the end, with a particular flow.

FIGURE 1
CARDINAL RULES OF IDEF0

IDEF0 was used for cost accounting. In combination with conventional ABC, only the overhead cost was 
treated and the direct cost was not treated. Moreover, although the viewpoint was fixed, IDEF0 did not work effectively 
while considering cost.

In this research, as a feature of business process modeling, an activity is expressed hierarchically as an 
embedded structure and the elements that flow from the start to the end of each activity is fixed. The fixed elements are a 
visitor, an order, and material.

The flow of a visitor, who is the introduction of the global image, is shown in Figure 2. In this instance of a 
coffee shop, the process begins from the starting point, when a visitor comes to a store, opens a store at a point in time, 
and puts away the goods.  This process is termed a visitor transaction. It is assumed that operating activities are 
performed by repeating this process through various visitors.

FIGURE 2
PROCESS OF A VISITOR TRANSACTION
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Thus, a visitor's flow and the person required for a visitor's purchase processing are described. Next, "the order 
of a visitor transaction is received and the flow of an order of the activity of the goods offered" is divided into viewpoints
(refer to Figure 3).

FIGURE 3
PROCESS OF AN ORDER TRANSACTION
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This process fixes the flow of an order and the person required for processing the order. The flow of the order is 
denoted by the flow of the check.

Next, the flow of materials is divided into viewpoints through the activity of "cooking" of an order transaction 
(refer to Figure 4).

FIGURE 4
PROCESS OF A MATERIAL TRANSACTION
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This process fixes the flow of materials and the person required for the creation of the goods. Thus, the people 
and the activities required for each transaction are described through a process in the shape of a nest, which can be easily 
understood in detail.



274 Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

Cost Structure Matrix

The cost of ICOM is expressed through a Structure Matrix for each transaction that is carried out. For example, 
through the foundations of a Structure Matrix (as shown in Figure 5), the number of cars to be manufactured and the 
amount of materials required to do so are first put into the upper part  of the matrix. Next, the numerical values in the 
central part are multiplied and the resulting numerical values are added in a transverse direction. The necessary quantity 
of steel, which is the material required to manufacture a car, is computed on the left side. Next, this quantity of steel is 
moved to the upper part, where it is similarly calculated. Thus, the disassembly of parts and the structure of an assembly 
can be described.

FIGURE 5
BASIC OPERATION OF STRUCTURE MATRIX

C
ar

sets)

Steel(tons)

Iron ore(tons)

C
oal(tons)

100 70 112 63

Steel(tons) 70 0.7
Iron ore(tons) 112 1.6
Coal(tons) 63 0.9

The up side part

The left side part

The central part

Table 1 is a Cost Structure Matrix of a material transaction.

TABLE 1
COST STRUCTURE MATRIX OF A MATERIAL TRANSACTION

[It flows into a cup and
sets accessories]

O-list

[It extracts]
O-list

[Beans are
ground]
O-list

[Beans are
ground]
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[It extracts]
I-list

Product list Product list Product list
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electric coffee
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electric coffee
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and
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Coffee Coffee Coffee
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quantity(cups)
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It is a
material unit

price
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Personnel

expenses(ye
n)

Cost of
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Fixed cost(yen)
Personnel

expenses(yen
)

Cost of
materials(y

en)

Cost of
materials(

yen)

Cost of
materials(y

en)

Cost of
materials(ye

n)

Fixed
cost(yen)

Personnel
expenses(y

en)

Sales unit
price(yen)

The variable
cost unit price
classified by
product(yen)

The fixed cost
unit price

classified by
product(yen)

1 200 10 10 10 15 100 10 15 100 1 1 10 10 10 300 112 70

Extracted
coffee

Necessary
quantity(ml)

200 200

Sugar 1 5

Milk 1 5

Disposable
spoon

1 1
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I-list

The ground
coffee beans
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quantity(g)

10   1/20
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I-list

Coffee beans
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10 1
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I-list
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Cost of
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100 10
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Total(yen) 25 1 1
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100 1

[It extracts]AC Total(yen) 25 1 1
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70 1 1 1 1 1 1
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188 1 -1
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In Table 1, the coffee shop is used as an example again. The numerical values and multiplication of the central 
part corresponding to a lengthwise direction for the numerical value of the upper part are performed. The result is added 
to the numerical value corresponding to the transverse direction of the central part, and the numerical value of a left part 
is computed. This basic operation is called “perpendicular multiplication and horizontal sum."

Calculation of a Structure Matrix begins from the upper left of the central part. First, the process involved in a 
material transaction is determined, and a product is disassembled. In the coffee shop example, the coffee that is served is 
the output, which is described by "the flow of coffee into a cup and the setting up of accessories" of the material 
transaction. This is located first. It is then divided into the inputs for the activity; the necessary quantity is then computed. 
This is performed for all the activities and it continues until the third row of the six lines of the central part.

After this, a process is followed in a particular order, whereby the personnel expenses and the fixed cost (the 
unit price and the activity of the used material) and each activity cost is calculated. Each expense is then divided into 
variable costs and expenses, and a fixed cost (if the calculation is finished to the last activity), and the total is calculated. 
A marginal balance is computed by subtracting the variable costs and expenses from a sales unit price. In addition, a 
fixed cost is subtracted from a marginal balance and the operating profit is computed. Further, let each numerical value 
be regarded as a parameter. A cost Structure Matrix is similarly created about an order transaction and a visitor 
transaction. Given that the output cannot be divided into an order transaction and a visitor transaction, the cost is 
described in terms of ICOM of each activity and only the activity cost is calculated.

TABLE 2
COST STRUCTURE MATRIX OF AN ORDER TRANSACTION

[An order is
received]I-list

[An order is
received]M-list

[Goods are
offered]M-list

Product list Product list Product list

The check of a
blank paper

In charge of the hole In charge of the hole
Offer of the
made coffee

Offer of the
made coffee

Offer of the made
coffee

Cost of
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Personnel
expenses(yen)
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cost(yen)

Fixed cost(yen)
Personnel

expenses(yen)
Sales unit
price(yen)

The variable cost
unit price

classified by
product(yen)

The fixed cost unit
price classified by

product(yen)

5 10 vm fm 10 300 5 + vm 20 + fm

[An order is
received]AC

Total(yen) 15 1 1

[It cooks]AC Total(yen) vm + fm 1 1

[Goods are
offered]AC

Total(yen) 10 1

Product list
Offer of the made

coffee

The variable cost unit
price classified by

product(yen)
5 + vm 1 1

Product list
Offer of the made

coffee

The fixed cost unit
price classified by

product(yen)
20 + fm 1 1 1

Product list
Offer of the made

coffee

The marginal balance
according to
product(yen)

295 - vm 1 -1

Product list
Offer of the made

coffee

Operating profit
according to
product(yen)

275 - vm -
fm

1 -1 -1

[It cooks]AC

1

1

2

2
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TABLE 3
COST STRUCTURE MATRIX OF A VISITOR TRANSACTION

[Guidance]M-list
[Clearing up]M-

list
Product list Product list Product list

In charge of the
hole

In charge of the
hole

Register
In charge of the

hole

The visitor who
opened the

store

The visitor who
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The visitor who
opened the store
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expenses(yen)

Variable
cost(yen)

Fixed
cost(yen)

Personnel
expenses(yen)
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cost(yen)

Personnel
expenses(yen)

Sales unit
price(yen)

The variable cost
unit price

classified by
product(yen)

The fixed cost
unit price

classified by
product(yen)

10 vr fr 10 20 10 300 vr 50 + fr

[Guidance]AC Total(yen) 10 1

[Goods are
offered in

response to an
order]AC

Total(yen) vr + fr 1 1

[The bill is
paid]AC

Total(yen) 30 1 1

[Clearing up]AC Total(yen) 10 1

Product list
The visitor who

opened the
store

The variable cost
unit price classified

by product(yen)
vr 1

Product list
The visitor who

opened the
store

The fixed cost unit
price classified by

product(yen)
50 + fr 1 1 1 1 1

Product list
The visitor who

opened the
store

The marginal
balance according

to product(yen)
300 - vr 1 -1

Product list
The visitor who

opened the
store

Operating profit
according to
product(yen)

250 - vr -
fr

1 -1 -1

[Goods are offered in
response to an order]AC

[The bill is paid]M-list

2

2

1

1

Thus, by changing a process (in the shape of a nest) and flows, dividing  a process, and creating a corresponding 
cost Structure Matrix, the model can respond to any situation by checking the number of visitors, orders, cups, etc., 
thereby enabling a detailed calculation of cost and profit. In addition, the account headings that occur for every 
transaction differ, and the model covers the process from each viewpoint (per cup of coffee, and profit and loss per 
visitor) in detail. Thus, a simple earnings statement can be made.

Parameter Calculation Algorithm

If the information on the changing market environment (such as volume of sales) is actually supplied as a parameter 
in the cost Structure Matrix of an activity cost model, how does a parameter change? The algorithm that computes the 
parameter is built, and this study defines it as a parameter calculation algorithm. Additionally, the information on 
changing market conditions is treated by cloud computing technology as “volume-of-sales change” and “market prices.” 
In a store, when a fixed cost is considered concretely, it is classified into cookware, a container, and a register.  This 
fixed cost changes the cost of each cup with the actual volume of sales. If the actual volume of sales is less than the 
predicted volume, the fixed cost per cup will increase. Then, the volume of sales would actually be supplied as 
information on a changing market environment. Thus, an algorithm, where an actual fixed cost is calculated, can be built 
(refer to Figure 6).
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FIGURE 6
ALGORITHM OF FIXED COST CALCULATION
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The total fixed costs of a t term and decision making of the anticipated volume of sales are carried out to the t-1
end of a term. The related anticipated fixed cost per cup of coffee is determined. If it enters the t term and the information 
on the changing market environment and the " actual volume of sales" is supplied, then the actual fixed cost of a cup of 
coffee will be determined. The information of the actual volume of sales of t term affects the anticipated volume of sales 
and the total fixed costs of t+1 term in the t end of a term. This is then repeated; the material cost and personnel expenses
are calculated.

FIGURE 7
ALGORITHM OF COST-OF-MATERIALS CALCULATION
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With regard to the cost of materials, the volume of sales is actually determined by the operating activities of the 
t-1 term, and decision making in terms of the kind of material to be used in the t-1 end of a term using the information is 
performed. If the used material is determined, although a stock is laid in, the market price will affect the input price in 
that case. Completion of stocking will determine the cost of materials of the t term. Since the cost of materials is variable,
the cost of materials does not change with the results of the operating activities of t term. This is then repeated. Therefore, 
the information on the changing market environment, which the cloud supplies in terms of the cost of materials, includes 
the “actual volume of sales” and “market price.”

FIGURE 8
ALGORITHM OF PERSONNEL-EXPENSES CALCULATION
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CONCLUSION

An activity cost model and a parameter calculation algorithm are united, and the global image of the model is 
shown below.

FIGURE 9
GLOBAL IMAGE OF MODEL
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The market information is collected through cloud computing technology and supplied to a parameter 
calculation algorithm. Each parameter is calculated and displayed on an activity cost model. The model displays 
corresponding parameters by using the same color. Each cost can now be known at a glance. Given that cost is calculated 
whenever the market information is supplied through cloud computing, cost fluctuations can be caught in real time. 
When a financial condition changes, the change to profit can be easily grasped in real time.

FUGURE DEPLOYMENT

For future deployment, this study sets up fictitious data and performs a simulation. When the business 
environment changes, that is, the parameter of a Structure Matrix changes, the degree of influence of these changes is 
analyzed. A table is created for every condition along with the results, and the changes are properly documented. This 
model offers cost information in the present progressive form.

Moreover, an operating ratio is considered, and a model that can account for the currentumber of employees, 
sales per customer, etc. is used. This model uses sensitivity analysis to help manage the cost information of the future.
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ABSTRACT 
 
 This study presents how the methods of supply chain collaboration using supply chain performance and supply 
chain cost as a measurement are selected and developed. . In general, supply chain collaboration is measured in a wide 
variety of contexts. The motivation for selecting supply chain collaboration measurement tools depends on the 
requirements for data interpretation, and the context of use. Measurement is a process in which the collected data test the 
hypotheses or theories. In this thesis, the selection and development of supply chain collaboration using the CFPLR 
model is described. In an attempt to define a new theory of CPFR in compatible with logistics, it is essential to develop 
some models that can support the validation of the theory presented. This chapter, therefore, proposes a model of 
Collaborative Forecasting Planning Logistics and Replenishment (CFPLR) of the relationship between demand forecast, 
business plan, production plan, logistics, and inventory replenishment. Furthermore, the reason for their rational behind 
is described. Supply chain performance is discussed in light of the Supply Chain Operations Reference model developed 
by Supply Chain Council, and supply chain cost is constructed according to previous literature reviews. 
 
KEYWORDS 
Supply Chain Collaboration, Supply Chain Cost, CPFR Model 
 
 

INTRODUCTION 
 

A variety of measurements in the area of supply chain collaboration have been developed by previous research, 
using subjective rating scales or objective performance. In general, supply chain collaboration is measured in a wide 
variety of contexts. The motivation for selecting supply chain collaboration measurement tools depends on the 
requirements for data interpretation, and the context of use. Measurement is a process in which the collected data test the 
hypotheses or theories. In this study, the selection and development of supply chain collaboration using the CFPLR 
model is described. 
 
 
Supply Chain Performance Measurement 
  

Supply chain performance measures can be classified broadly into two categories: qualitative measures (such as 
customer satisfaction and product quality) and quantitative measures (such as order-to-delivery lead time, supply chain 
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response time, flexibility, resource utilization, delivery performance, etc.). Improving supply chain performance requires 
a multi-dimensional strategy that addresses how the organization will service diverse customer needs. While the 
performance measurements may be similar, the specific performance goals of each segment may be quite different. 
 

There are number of conceptual frameworks and discussions on supply chain performance measurements in the 
literature; however, there is a lack of empirical analysis and case studies on performance metrics and measurements in a 
supply chain environment. This section discusses the background for the research, reviews the selected literature on 
supply chain performance metrics and measurements, develops a framework based on the literature and an empirical 
analysis, and finally, summarizes the findings and conclusions. In this section, the literature on performance 
measurements and metrics in SCM is reviewed. The metrics and measures are discussed in the context of the following 
supply chain activities/processes: (1) plan, (2) source, (3) make, (4) delivery, and (5) return of the SCOR model. 

 Plan. Assess supply resources; aggregate and prioritize demand requirements; plan inventory for distribution, 
production, and material requirements; and plan rough-cut capacity for all products and all channels. 

 Source. Obtain, receive, inspect, hold, issue, and authorize payment for raw materials and purchased finished 
goods.  

 Make. Request and receive material; manufacture and test product; package, hold, and/or release product. 
 Deliver. Execute order management processes; generate quotations; configure product; create and maintain 

customer database; maintain product/price database; manage accounts receivable, credits, collections, and 
invoicing; execute warehouse processes including pick, pack, and configure; create customer-specific 
packaging/labeling; consolidate orders; ship products; manage transportation processes and import/export; and 
verify performance. 

 Return. Defective, warranty, and excess return processing, including authorization, scheduling, inspection, 
transfer, warranty administration, receiving and verifying defective products, disposition, and replacement. 

 
 SCOR spans all customer, product, and market interactions surrounding sales orders, purchase orders, work 
orders, return authorizations, forecasts, and replenishment orders. It also encompasses material movements of raw 
material, work-in-process, finished goods, and return goods. 

 
The SCOR model includes three levels of process detail. In practice, Level One defines the number of supply 

chains and how their performance is measured. Level Two defines the configuration of planning and execution processes 
in material flow, using standard categories like stock, to-order, and engineer-to order. Level Three defines the business 
process used to transact sales orders, purchase orders, work orders, return authorizations, replenishment orders, and 
forecasts. 
 
The Concept of Configurability 

A supply-chain configuration is driven by: 
 Plan levels of aggregation and information sources 
 Source locations and products 
 Make production sites and methods 
 Deliver channels, inventory deployment and products 
 Return locations and methods 

 
SCOR must accurately reflect how a supply-chain’s configuration impacts management processes and practices 

that contains three levels of process detail shown in Figure 1.  
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  Source: Supply Chain Council (2006) 

 
Figure 1 Three Levels of Process Detail 

 
 According to the above three levels of process detail, this study applied the theoretical concept in relative to the 
CFPLR model and construct a set of standard notation (i.e., P depicts Plan elements, S depicts Source elements, M 
depicts Make elements, D depicts Deliver elements, and R depicts Return elements. SR = Source Return and DR = 
Deliver Return. An E preceding any of the others (e.g., EP) indicates that the process element is an Enable element 
associated with the Planning or Execution element (in this case, EP would be an Enable Plan element). Every Level 1 
Process has Enable Processes associated with it. The adjusted set of standard notation according to the CFPLR model is 
identified in Table 1. 
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Configuring Supply-Chain Threads 
 

Configuring a supply-chain “thread” illustrates how SCOR configurations are done. Each thread can be used to 
describe, measure, and evaluate supply-chain configurations. 
1. Select the business entity to be modeled (geography, product set, organization) 
2. Illustrate the physical locations of: 

• Production facilities (Make) 
• Distribution activities (Deliver) 
• Sourcing activities (Source) 

3. Illustrate primary point-to-point material flows using “solid line” arrows 
4. Place the most appropriate Level 2 execution process categories to describe activities at each location. 
5. Describe each distinct supply-chain “thread” 
 • A supply-chain thread ties together the set of Source-Make-Deliver supply-chain processes that a given product 
family flows through 
 • Develop each thread separately to understand common, and distinct, execution and return process categories 
 • Consider end-to-end threads in the inter-company case 
6. Place planning process categories, using dashed lines to show links with execution processes 
7. Place P1, if appropriate 
 • P1 - Plan Supply Chain aggregates outputs from P2, P3, and P4 

Supply chain threads shown in Figure 4.2 are developed from the geographic product flow of orchid supply 
chain. 
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Construct Questionnaire as Subjective Measures 
 
 First of all, it was needed to determine appropriate key performance indicator and develop performance 
evaluation by using a developed questionnaire as subjective technique. SCOR identifies five core supply chain 
performance attributes: Reliability, Responsiveness, Agility, Costs, and Asset Management. Consideration of these 
attributes makes it possible to compare an organization that strategically chooses to be the low-cost provider against an 
organization that chooses to compete on reliability and performance. 
 
Table 2 Supply Chain Performance Attributes 
 

Performance Attributes Description 
Reliability The Reliability attribute addresses the ability to perform tasks as 

expected. Reliability focuses on the predictability of the outcome of 
a process. Typical metrics for the reliability attribute include: on-
time, the right quantity, the right quality. The SCOR’s KPI (level 1 
metric) is Perfect Order Fulfillment. Reliability is a customer-
focused attribute. 

Responsiveness 
 

The Responsiveness attribute describes the speed at which tasks are 
performed. Examples include cycle-time metrics. The SCOR’s KPI 
is Order Fulfillment Cycle Time. Responsiveness is a customer-
focused attribute. 

Agility 
 

The Agility attribute describes the ability to respond to external 
influences and the ability to change. External influences include: 
Non-forecasted increases or decreases in demand; suppliers or 
partners going out of business; natural disasters; acts of (cyber) 
terrorism; availability of financial tools (the economy); or labor 
issues. The SCOR’s KPIs include Flexibility and Adaptability. 
Agility is a customer-focused attribute. 

Costs 
 

The Cost attribute describes the cost of operating the process. It 
includes labor costs, material costs, and transportation costs. The 
SCOR’s KPIs include Cost of Goods Sold and Supply Chain 
Management Cost. These two indicators cover all supply chain 
spend. Cost is an internally focused attribute. 

Assets 
 

The Asset Management Efficiency (“Assets”) attribute describes the 
ability to efficiently utilize assets. Asset management strategies in a 
supply chain include inventory reduction and insourcing vs. 
outsourcing. Metrics include: inventory days of supply and capacity 
utilization. The SCOR’s KPIs include: Cash-to-Cash Cycle Time and 
Return on Fixed Assets. Asset Management Efficiency is an 
internally-focused attribute.  

 
 By determining the supply chain performance attributes, this study investigated process categories and process 
elements in order to develop a questionnaire type suitable for being answered by subjects. The supply chain performance 
was identified according to the above five attributes found in Table 3. 
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DISCUSSION 
 

It is important to note that the research presented in this Ph.D. thesis uses subjective rating scales and objective 
performance measures to indicate the measurements and correlations of supply chain performance and supply chain cost. 
It is assumed that both techniques would provide information to interpret or to understand the underlying relationships. 
Different measures evaluate different aspects of supply chain collaboration using the CFPLR model. There are no rules 
to guide measure selection in such measurement. The discussion to this point has suggested that subjective rating scales 
seem to play a role when attempting to measure supply chain performance. For a measuring instrument of supply chain 
cost, justification was also discussed. The selection of specific measure sets should be carefully made, and specific 
criteria should be established.  
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ABSTRACT

It has been increasing in environment responsiveness in recent years. People are aware of toxic substance usage, 
global warming, and non-replenish resource reduction. Numerous communities are aware of such problems and have 
developed and applied a concept of green principles to overcome the problems such as using the recycle papers for 
packaging, using environmental friendly raw material, and reducing the usage of petroleum power. Green supply chain 
was emerging and expanded to many organizations across supply chain. Managing green supply chain may cover all 
activities from upstream to downstream (i.e., product design to recycle) in different sectors such as manufacturing or 
service. Nevertheless, managing supply chain may need the measures and metrics in the success of an organization that 
has received much attention from researchers and practitioners. Green supply chain performance is found to have less 
attention due to the difficult of measuring toxic chemical substances usages or emission and waste that have an impact to 
environment. Therefore, the role of measures and metrics cannot be overstated because they affect strategic, tactical, and 
operational planning and control. The specific research objectives are as follows: 1) to develop a new theory and model 
of green supply chain performance index, 2) to assess performance index by developing green supply chain performance 
indicator, 3) to assess green supply chain cost analysis using regression model, and 4) to investigate the relationship 
between green supply chain performance and green supply chain cost.

KEYWORDS
Green Supply Chain, Furniture, Performance, Cost Analysis

INTRODUCTION

In recent years, it has been increasing in environment responsiveness. Nowadays, we are facing with 
environmental problems. People are aware of toxic substance usage, global warming, and non-replenish resource 
reduction. Numerous communities are aware of such problems and have developed and applied a concept of green 
principles to overcome the problems such as using the recycle papers for packaging, using environmental friendly raw 
material, and reducing the usage of petroleum power. Green supply chain was emerging and expanded to many 
organizations across supply chain, and is defined as “the process of using environmentally friendly inputs and 
transforming these inputs through change agents – whose byproducts can improve or be recycled within the exiting 
environment” (Penfield, 2007).

Managing green supply chain may cover all activities from upstream to downstream (i.e., product design to 
recycle) in different sectors such as manufacturing or service. Nevertheless, managing supply chain may need the 
measures and metrics in the success of an organization that has received much attention from researchers and 
practitioners. Green supply chain performance is found to have less attention due to the difficult of measuring toxic 
chemical substances usages or emission and waste that have an impact to environment. Therefore, the role of measures 
and metrics cannot be overstated because they affect strategic, tactical, and operational planning and control. It has a vital 
role to play in setting objectives, evaluating performance, and determining future courses of actions (Gunasekaran, 2004).

This Ph.D. research paper is aimed at investigating the performance index of green supply chain by proposing 
green supply chain performance model, and developing the green supply chain performance indicator along with green 
supply chain cost analysis using regression model. The green supply chain performance index to the company proposed 
in this study is developed based on a framework of the proposed model, and investigated by using a case study of 
furniture industry to identify the impact of green to the supply chain performance management.  The specific research 
objectives are as follows: 1) to develop a new theory and model of green supply chain performance index, 2) to assess 
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performance index by developing green supply chain performance indicator, 3) to assess green supply chain cost analysis 
using regression model, and 4) to investigate the relationship between green supply chain performance and green supply 
chain cost.

REVIEW OF LITERATURE

Thory and Definition

Ecology is the scientific study of the distributions, abundance and relations of organisms and their interactions 
with the environment. Ecology includes the study of plant and animal populations, plant and animal communities and 
ecosystems. Ecosystems describe the web or network of relations among organisms at different scales of organization. 
Since ecology refers to any form of biodiversity, ecologists research everything from tiny bacteria's role in nutrient 
recycling to the effects of tropical rain forest on the Earth's atmosphere. The discipline of ecology emerged from the 
natural sciences in the late 19th century. Ecology is not synonymous with environment, environmentalism, or 
environmental science. Ecology is closely related to the disciplines of physiology, evolution, genetics and behavior.

Society or a human society is a group of people related to each other through persistent relations such as social 
status, roles and social networks. A large social grouping that shares the same geographical territory and is subject to the 
same political authority and dominant cultural expectations. Human societies are characterized by patterns of 
relationships between individuals sharing a distinctive culture and institutions. Without an article, the term refers either to 
the entirety of humanity or a contextually specific subset of people.

Economy consists of the economic system of a country or other area, the labor, capital and land resources, and 
the economic agents that socially participate in the production, exchange, distribution, and consumption of goods and 
services of that area. A given economy is the end result of a process that involves its technological evolution, history and 
social organization, as well as its geography, natural resource endowment, and ecology, as main factors. These factors

Policy is typically described as a principle or rule to guide decisions and achieve rational outcome(s). The term 
is not normally used to denote what is actually done, this is normally referred to as either procedure or protocol. Whereas 
a policy will contain the 'what' and the 'why', procedures or protocols contain the 'what', the 'how', the 'where', and the 
'when'. Policies are generally adopted by the Board of or senior governance body within an organisation where as 
procedures or protocols would be developed and adopted by senior executive officers. On the other hand, regulation is 
"controlling human or societal behavior by rules or restrictions." Regulation can take many forms: legal restrictions 
promulgated by a government authority, self-regulation by an industry such as through a trade association, social 
regulation (e.g. norms), co-regulation and market regulation. One can consider regulation as actions of conduct imposing 
sanctions (such as a fine). This action of administrative law, or implementing regulatory law, may be contrasted with 
statutory or case law.

Performance generally comprises an event in which one group of people (the performer or performers) behave 
in a particular way for another group of people (the audience). Sometimes the dividing line between performer and the 
audience may become blurred, as in the example of "participatory theatre" where audience members might get involved 
in the production. Singing choral music, and performing in a ballet are examples. Usually the performers participate in 
rehearsals beforehand. Afterwards audience members often clap, indicating appreciation. However, sometimes this rule is 
reversed. In Japan, the greatest compliment is complete silence. In business, retail, and accounting, a cost is the value of 
money that has been used up to produce something, and hence is not available for use anymore. In economics, a cost is 
an alternative that is given up as a result of a decision. In business, the cost may be one of acquisition, in which case the
amount of money expended to acquire it is counted as cost. In this case, money is the input that is gone in order to 
acquire the thing. This acquisition cost may be the sum of the cost of production as incurred by the original producer, and 
further costs of transaction as incurred by the acquirer over and above the price paid to the producer. Usually, the price 
also includes a mark-up for profit over the cost of production.

Literature Survey

Robert et al., (1998) draws on the results of interviews with five environmental managers in the furniture 
industry to develop a taxonomy of environmentally-friendly (‘green’) best practices within the operations management 
value chain. This taxonomy is then extended to develop a group of propositions concerning the role of management in 
promoting environmentally-friendly practices. The results suggest that in order to be successful, environmental 
management strategies must be integrated into all stages of the value chain, which includes all of the processes spanning 
product design, procurement, manufacturing and assembly, packaging, logistics, and distribution. While the potential for 
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environmental performance improvement in all five of the companies is evident, all of them demonstrated ‘pockets’ of 
environmentally-friendly practices (EFP) in different areas of their respective value chain functions. The propositions and 
results emerging from the analysis also suggests that reacting to regulations is no longer sufficient. World-class EFP must 
anticipate and pre-empt changing environmental regulations and customer expectations, and proactively prepare 
products, processes and infrastructure for these changes without sacrificing competitive advantage.

Gunasekaran et al. (2004) investigated supply chain management that has been a major component of 
competitive strategy to enhance organizational productivity and pro
strategies and technologies for effectively managing a supply chain is quite vast. In recent years, organizational 
performance measurement and metrics have received much attention from researchers and practitioners. The role of these 
measures and metrics in the success of an organization cannot be overstated because they affect strategic, tactical and 
operational planning and control. Performance measurement and metrics have an important role to play in setting 
objectives, evaluating performance, and determining future courses of actions. Performance measurement and metrics 
pertaining to SCM have not received adequate attention from researchers or practitioners. We developed a framework to 
promote a better understanding of the importance of SCM performance measurement and metrics. Using the current 
literature and the results of an empirical study of selected British companies, we developed the framework presented 
herein, in hopes that it would stimulate more interest in this important area.

Anciaux and Yuan (2007) recommended that nowadays we are faced with lots of environmental problems: the 
erosion of biodiversity, the exhaustion of resources, the disorder of climate, the affection of human health by pollution 
and so on, as a result of industrial development and human unconsciousness. In all these respects, it is necessary for us to 
reorientate the progress, to use our technologies differently, to produce with rationality and no more take the way 
unslung. It has become a necessity for us to count in the costs of production the factor of environmental costs as social 
costs. And that is what we proposed to develop in this paper: how to integrate the environmental impacts into the 
transport function within the supply chain? Actually, the transport function, without the consideration to environmental 
impacts, remains outside of the integration of production system and is normally managed by external service provider. 
In fact, the flows between companies and performance supports are dissociated from the functions of production. The 
almost exponential increase of flows between companies thus requires nowadays a global evaluation of the performance 
and management of industrial transport. We proposed to show the issues for integrating the means of transport within the 
green supply chain, as well as a decision-aiding model, which allows optimising the solution choice of
intermodal transport problems.

Khiewnavawongsa and Schmidt (2008) stated that green supply chain management (GSCM) was emerging in 
the last few years.  This idea covers every stage in manufacturing from the first to the last stage of life cycle, i.e. from 
product design to recycle.  Not only manufacturing, but GSCM can also be used to other business sectors such as 
government, education and services. The purpose of this paper was to describe the impact of green to the supply chain 
management.  It started with the importance of GSCM to the company in different levels or what factors that influence 
the company to adopt the GSCM.  These factors can be categorized by different drives such as government, whole 
market, industry, competitors, and within the company. Since GSCM can be applied to various areas within the company, 
this paper also discussed the implementation of GSCM to several areas.  Furthermore, some examples of GSCM 
application were demonstrated to support the concept.
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RESEARCH METHODOLOGY

Conceptual Framework

Independent Variables Dependent Variables

Methodology

1) Identify problem statement of the research study
2) Review and survey literature
3) Hypotheses development
3) Collect primary and secondary data
4) Develop a model of green supply chain performance
5) Develop green supply chain performance index
6) Investigate the model and index by using a case study of Furniture Industry
7) Analyze the results
8) Draw conclusion and recommendation

ANTICIPATED RESULTS

It is anticipated that the proposed model of GSCP will be of use for testing hypotheses to identify efficiency of 
green supply chain and determine its performance indicator. Moreover, the study also investigates how a cost reduction 
can be done across the supply chain of an exemplary company considering environmental impacts. Especially, this 
research study will collect primary and secondary data according to furniture manufacturing. It is due to all furniture 
manufacturers have focused more on design, but they are not yet fully aware of green production. Therefore, this paper 
will thoroughly investigate such issue to succeed the potential for environmental efficiency improvement to become 
evident. It is also suggested that the performance index of green supply chain by proposing green supply chain 
performance model, and the green supply chain cost analysis using regression model will be developed based on 
environmental management strategies that is integrated into all of the processes spanning product design, procurement, 
manufacturing and assembly, packaging, logistics, and distribution.

CONCLUSION AND RECOMMENDATION

In conclusion, green supply chain was emerging and expanded to many organizations across supply chain.
However, a few researches have focused on how to develop the performance index of green supply chain and the green 
supply chain cost analysis. The focus of the study is that the factor that make the company in different industries to adopt 
the proposed model of green supply chain performance and develop its index in their organization. The survey will be 
sent to furniture manufacturers across the country. Survey questions will be asked to see the perspective of the 
manufacturers in green supply chain and what make them apply it, as well as the future trend. It is hoped that the 

X1
- Location (of facilities and sourcing 

points
- Production (what to produce in 

which facilities)
- Inventory (how much to order, 

when to order, safety stocks)
- Transportation (mode of transport, 

shipment size, routing, and 
scheduling

X2
- Ecology
- Society
- Economy
- Policy/Regulation

Y
- Green Supply Chain 

Performance Indicator
- Green Supply Chain Cost
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performance index and cost analysis presented here in the study would be a framework used for setting up green standard 
into all stages of the value chain.
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ABSTRACT

The objective of this research was to determine trend of future research on Thailand Automotive Logistics and 
Supply Chain. Data was collected via interview and focus group with automotive industry and by summarizing the 
progress of research study relate to Logistics and Supply Chain Management on Thailand Automotive Sector. Result of 
study has showed that Thailand Automotive Industry require on supply chain research in area of Asean Economics 
Community (AEC), Small and Median Enterprise (SMEs), Value Chain and Value Creation, Green Supply Chain, 
Overall Supply Chain, Technology, Supply Chain Management and Creative Economy.  

KEYWORDS
Logistics, Supply Chain, Automotive Industry

INTRODUCTION

Supply Chain Management is a term to describe the management of material flow, information flow and 
financial flow across the supply chain from downstream process to upstream process or component producers to 
customer. The supply chain activities also includes sourcing and procurement, production planning and scheduling, 
packing, assembly and customer service which involved on collaborative at all level of strategy, tactical, planning, 
execution. The world business competition strategy has rapid change from Free Trade Area (FTA) and become to a key 
driving to Global Supply Chain. Supply Chain Management is become to challenge as all supply chain partner has 
difference nationality, culture individual and organization, knowledge, environment, language, behavior. which impact 
on collaborative in Supply Chain (Kerati.S, 2012)

Thailand Automotive Industry is a key driver on Thailand economy as it is the third largest sector which has 
more than 400,000 workers. The emerge of Free Trade Area and Asean Economic Communities (AEC) has impact on 
automotive sector by global sourcing strategy policy and weakness is product design and development. Although the 
advantages on Thailand Automotive were skill of labor is higher than other countries in a region and has located in centre 
of region but all competitive in region has fast development which free resource and labor transfer under AEC 
agreement. Therefore, the strategy on Thailand Automotive Development must be prepared.

The objective of this research was to determine trend of future research on Thailand Automotive Logistics and 
Supply Chain in the next five year ahead.
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LITERATURE REVIEW

Thailand Automotive Industry

Thailand Automotive Industry had been developed in the context of the expansion of Japanese industry capital 
in Southeast Asian on 1960 and become to key driver of Thailand’s economy as the third largest sector in the country, it 
employs more than 400,000 workers and account for 12% of GDP. Automotive production in Thailand is split almost 
equally for domestic sale and exports market (Thailand’s Board of Investment.2012). It has been successful in retaining 
and position as the “Detroit of Asian”. The reason of growth in automotive industry are numerous. Firstly and foremost is 
being the benefit in derived from Free Trade Agreement such as Thailand-Australia Free Trade Agreement (TAFTA), 
Asia Free Tread Area (AFTA) with China, Indian as opened market and investment opportunities. Then ASEAN 
automotive industries are major export to Europe, Australia and Middle-East. Secondly Thai government has set up
industrial estates which offer tax incentive, lower import duties, one-stop visa and work permit advantage. Thirdly is all
automotive partners have located in between not over than 250 km. from major seaport and become to automotive 
clusters. Then it can reduce lead time and logistics cost.

Almost Japanese vehicle producers (etc, Toyota, Honda, Isuzu, Mitsubishi, Nissan) and United State and Europe 
(etc, BMW, General Motor, Ford, Mercedes Benz, Volvo) and from Asian (etc, TATA) has assemble plant in Thailand. 
Along with the auto part industry such as engine, suspension control and spring, axles, break, clutches, steering system, 
body part, air condition, tire and wheel, glass, external and internal interior. Has become a strong position as car 
producers bring their owner supplier into Thailand to supply component with local supplier. So, local suppliers are 
depended on foreign investor suggest on technology & design and continues process to upgrading the ISO certificate as 
standard among major procedure.

The trend of vehicle design is global platform policy to minimized research and development cost and used 
global sourcing strategy for cost saving by economic of scale. Consequences of global sourcing strategy is complexity in 
supply chain by several partners from nationality, culture, environment, language, behavior, tax and custom regulation
and impact on responded lead time (Ambe I. M. and Badenhorst-Weiss J. A., 2010, Lee and Wilhelm, 2010) and the 
relationship between vehicle producer and local supplier has change to captive relationship style as determine 
specification to supplier and design & development cost were absorb by supplier (Ministry of Industry of Thailand, 
2002).

The problem and weakness of Thailand Automotive Industry must be addressed and prepared for Asean 
Economic Community (AEC) for competition within AEC and other regions. The problems are (1) Shortage of technical 
with vocational and higher vocational degree and a part of agreement is allow free labor transfer within region and 
become to key issue on technical level as they move to other region as pay better. (2) Research and development 
capability is a weakness on Thai Automotive (Anuwat Wangvanichakorn, 2012).

Asean Economic Community (AEC)

Asean Economic Community (AEC) shall be the goal of regional economic integration by 2015. (Brunei 
Darussalam, Burma, Malaysia, Cambodia, Indonesia, Philippines, Singapore, Laos, Thailand and Vietnam) on key 
characteristics are consisting by single market and production based, highly competitive economic region, region of 
equitable economic development and a region fully integrated into the global economy (www.aseansec.org).

The impact of AEC on Thailand Automotive Industry becomes to key topic discussion as it chance to source 
auto part from several country as cheaper under better quality while zero import duty. Indonesia is expected to be a major 
competitor to Thailand on OEM segment due to a large market size which can offer economic of scale. Many OEM 
companies have expanded their production based at Indonesia. Therefore, Thailand SMEs part makers which are tier 2-3
supplier for OEM will effect as well. Other side Thailand also has chance to export to other countries at cheaper price as 
well.

Scope of study

Data were collected from on research papers Logistics and Supply Chain in Thailand Automotive which had 
been conducted between2005-2010. Sources of data came from databases of National Research Council of Thailand, 
Thailand Research Funds, Office of the Higher Education Commission, Office of the National Economic and Social 
Development Board, Thai VCML Journal, International Journal of Logistics and Transport and Thai Library Integrated 
System.
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Methodology

Thirty-six research papers from research reports, thesis and conference were synthesized. The results from the 
study showed that 53 percent of those researches has been studied in General Supply Chain Management area, 31 percent 
is in Overall Supply Chain, 11 percent is Technology in Supply Chain and 5 percent is in Value Chain area (Walailak A., 
et al., 2011).

Interview

Key performance interview was also employed in this study to determine current problems, requirements and 
opinions on future research in the area of logistics and supply chain management in this sector. The result from the 
interview reveals that 8 areas are needed to be investigated in the next five years ahead i.e. Asean Economics Community 
(AEC), Small and Median Enterprise (SMEs), Value Chain and Value Creation, Green Supply Chain, Overall Supply 
Chain, Technology, Supply Chain Management and Creative Economy (Wallailak A., etal. , 2011) as shown in Table 1.

TABLE 1
DEFINITION OF SUPPLY CHAIN RESEARCH AREA AND FUTURE REQUIREMENT

Topic Scope / Definition Current 
Research

Industrial 
Require

AEC The researches as related with AEC regulation such as 
impact of single market and production based or any 
research has relate with resource and labor transfer under 
free trade in region

SMEs The researches focus on activities in any enterprise as 
investment less than 200 million bath or labor less than 200 
person such as auto part industry

Value Chain & 
Creation

The researches focus on activities linkage, product value 
create and collaborative in supply chain to improved 
competitive advantage

Green Supply Chain The researches have focused on environment such as  
material reused, transportation and land feel free

Overall Supply 
Chain Management

The research focus on supply chain strategy or integration 
between supply chain member to improved customer 
satisfaction such as cluster

Technology The research focus on technology development and 
implement to fixed or improved productivities such as 
barcode, RFID, E-commerce

General Supply 
Chain Management

The research focus on internal organization improvement 
such as human resource, internal process and technology 
integration, performance improvement

Creative Economy The research focus on activities to drive economic by 
knowledge integration, Creative integration and Intellectual 
property to link with cultural and new technology 
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Focus Group

This process was determined to rank priorities of key area of requirement and necessary by 50 people from 
industrial top management, researchers and research funding representatives. The score was summarized by using a 
distance matrix method. (Walailak A., et al. , 2011). Figure 1 shows score of research requirement

FIGURE 1
SCORE OF RESEARCH REQUIREMENT

CONCLUSION

The priority of research requires from industrial which the current research does not yet support are area of 
Asean Economic Community and Small and Medium Enterprise as below table. 

TABLE 2
THE PRIORITY OF RESEARCH TOPIC REQUIRE IN FUTURE

Topic Scope / Definition Score Priority Current 
research

AEC The research as relate with AEC regulation such as 
impact of single market and production based or any 
research has relate with resource and labor transfer 
under free trade in region

11.22 1

SMEs The research focus on activities in any enterprise as 
investment less than 200 million bath or labor less 
than 200 person such as auto part industry

10.77 2

Value Chain & 
Creation

The research focus on activities linkage, product value 
create and collaborative supply chain to improved 
competitive advantage

10.22 3

And the area of research require follow as below table (Walailak Atthirawong et al., 2011).
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TABLE 3
TOPIC REQUIRE ON FUTURE RESEARCH

Topic Topic require
AEC 1. Effecting of AEC on Thailand Automotive Industry

Factor effecting to investment and resource transfer
Opportunities and weakness of Free Trade
Regulation and law in each country 

2. Evaluate competitor capability and collaborative explanation
3. Possibility of logistic and supply chain linkage within region
4. Factor effecting on collaboration and approach 

SMEs 1. Technology and adaptation for SMEs
2. Factor effecting on sustainable alliance in business
3. Marketing development under Free Trade
4. Form of collaboration within SMEs for competitive advantage

Value Chain & 
Creation

1. Collaborative on production development and design by supply chain partner
2. Suitable technology to support value chain and creation
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ABSTRACT

The paper aims to make an attempt to study an opportunity of exporting products derived from durian and 
longan plants from Thailand to Poland. The results show a model of durian and longan’s supply chain from production 
in Thailand to retail sale in Poland along with SWOT analysis based on which strategies for development of the chain 
were developed.

KEYWORDS
International Supply Chain, Durian, Longan

INTRODUCTION

In the era of globalization companies must quickly react to market needs and offer product of high quality with 
competitive prices if they want to get a position on market and keep a competitive advantage over rivals. These things 
contribute to creation of value for customers. Contemporary firms continually look for ways, methods, and techniques of 
management which allow achieving these goals.  One of such concepts is implementation of supply chain management 
which means management of relations with suppliers and customers as well as clients in order to provide the highest 
possible value for a client with lower costs in a whole chain. It is a situation when narrowly understood interest of one 
link must be confronted with advantages for a whole chain. It is a great challenge for the Thailand fruit sector where 
nowadays it is not so simple to talk about supply chain management. The development of consumer-driven, efficient, 
responsive and innovative supply chains is crucial for growth of fruit consumption in Thailand and Europe and for a 
competitive, sustainable fruit sector.

The paper aims to make an attempt to study an opportunity of exporting products derived from durian and 
longan plants from Thailand to Poland.  The various aspects regarding the production and exporting of durian and longan 
as well as their international supply chain issues are analyzed from perspective of Thailand using secondary data sources. 
The questionnaire based interviews of the supermarkets in Warsaw, Poland serve as a basis for analysis of the domestic 
supply chain and market of duran and longan in Poland.

Competitive position of durian and longan in scientific evidences

Thailand remains a major producer and exporter of agriculture products, including rice, and tapioca. Fruit 
production is one of the most important businesses in Thailand; it contributes to a great share of the country’s national 
income. The country is known for fresh tropical fruits, such as rambutan, mangosteen, mango, guava, durian, coconut, 
longan and pineapple. Most of these fruits are seasonal with the exception of mangosteen, longan, mango and pineapple, 
which are available throughout the year. As a result of agricultural diversity, Thailand is never in short supply of fresh 
fruits.[2]. Durian is the famous Thai’s fruit and now we call it  at “King of Fruit” and it make much foreign currency for 
Thailand every years[3]. Durian is a major fruit in Malaysia and Thailand, and is also popular in a number of other 
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countries in Southeast Asia; but Durian is still unheard of in many parts of the world [2]. On other side, longan is 
considered as a popular fruit locally consumed both in fresh and processed form. The fruits domestic production potential 
because of the suitable topography and climate coupled with farmers’ long experience in cultivating longan. Thailand has 
exported longan to Asian markets for a long time. Presently, exports are gaining ground in European markets. Thus, 
longan is considered to have great marketing potential [4].  

There re several evidences in the literature about the competitive factors that could enhance the role of durian
and longan on the food market. A.M. Amin and R.Arshadwas studied the proximate composition and the pasting 
properties of durian seed flour. They found that durian seed flour has great potential in food industry due to its high 
dietary fiber content and suitability to be used as dough as well as thickening agent [5]. It needs to be emphasized that 
there are 4 major varieties of Durian in Thailand: Monthong, Chanee, Kanyaw, and Kradumthong [6]. The most 
important ones were Monthong and Chanee. The production trend of Monthong increased while that of Chanee declined. 
Production technologies and practices in site selection, land preparation, planting and crop maintenance had not been 
changed much from the early time.

Krittiga Ngamgunha [3] studied the factors which are affecting export of durian. She found that 76.1% of 
exports of durian are done by small companies (1-5 million baht investment registered).  In average they have only 11 
workers launched their business.  The 91% of durian exporting is fresh durian. Durian “Mon Thong” spicy (99%) is the 
major of export rather than Cha nee (55%). The most exporters buy fresh durian from whole market rather than for 
aggregator. Durians are transported by airplane (84%) rather than by ship (36%) to foreign customer. Hong Kong, 
Taiwan, USA, and Canada are the major foreign customer respectively. Accordingly, Piyawan Skulcharoen [7], studied 
about longan exporting. The major market of longan’s export is fresh rather than dried.  Fresh longan is exported to Hong 
Kong, China, Singapore, and Malaysia. Longan products are in form of fresh, dried, canned and freeze. Longan is a 
seasonal fruit commonly sold in summer. After harvesting, farmers or food manufacturers may treat longan with 
chemicals to prolong it's shelf-life.

Apichat Sopadeang [8] studied the supply chain of fresh longan by evaluation the efficiency of its supply chain 
and logistics, determining the potential of the business, analyzing the cost and providing the suitable supply chain and 
logistics development action plan for the business and official organizations, related to the activities. Additionally, Ruth 
Banomyong [9] provided border and transit trade statistic, analyzed the logistic of each corridor, and recommended  
policy for  greater economic development  of  the  Mekong sub region north  south corridor.

Current situation

Durian and longan emerges as a promising fresh and processed fruits. Durian and longan production resources 
and period are shown in Table 1. Mostly this product is available in late August-September. There are 23 varieties 
possible for growing 

TABLE 1
PRODUCTION RESOURCES AND PERIOD

Fruit Production resources Period
Durian Earthen: Chantaburi, Trad, Rayong

Southern: Chumporn, Nakornsrithammarat,
Yala, Suratthani, Narathiwat
Middle:  Nontaburi

Earthen: May-June
Southern: August –September

Middle: May-June
Longan Northern: Cheingmai, Lumpoon, Cheingrai, Payoa, Prae, 

Nan, Lumpang, and Tak
Earthen:  Chantaburi, Trad, Rayong, Srakeaw
EartNorth: Udon, Ubon, Srisaket, Yasothon

Northern: July-August

Earthen: January-December
EartNortth: July-August

Source: Thailand foreign agriculture trade statistic 2010
http://www.oae.go.th/fruit_report/export_import/export.php

Durian’s production area and yield for 2004, 2010 and 2011 show a resist approximately 611,000 rais (1 rai 
=160,000 square meters) and 560,000 tons for each year (table 2). More than 90% of the durian production is locally 
consumed in both fresh as well as, in some cases, sweetened state. The rest is designated for export in the form of chilled, 
fresh and sweetened paste. 
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TABLE 2
DURIAN’S PRODUCTION

2004 2010 2011

Durian Agriculture
Area (rais)

QTY(Tons)
Yield

Agriculture
Area (rais)

QTY(Tons)
Yield

Agriculture
Area (rais)

QTY(Tons)
Yield

All 719,618 828,010 611,206 568,067 602,111 537,277  

Northern 22,716 16,100 24,451 13,914 24,192 14,271

Middle 386,589 513,94 269,135 328,300 266,055 349,217

Southern 307,911 296,535 316,017 224,893 310,302 172,812

Source: Thailand foreign agriculture trade statistic 2010, (1 rai =160,000 square meters)
http://www.oae.go.th/fruit_report/export_import/export.php

The quantity and value of export are shown in Table 3. The durian’s export is resisted for the last 3 years, 2009-
2011.The typical processed durian products are: paste, chilled and crispy and fried. Most of the chilled durian was 
exported to the USA, Canada and Australia. Because of the suitable agro-climatic conditions, including the soil structure 
and texture, and the very long cultivation experience, Thai farmers are capable of producing durian of good quality, 
popular both locally and overseas. The durian export is currently 5% of the output, primarily to Asian markets where the 
taste and scent are well liked. In the European and American markets, Asian residents comprise the initial target group. 
As the Durian fragrance is new and strong for both Europeans and Americans, it will take some time for them to get used 
to it. However, interviews with such prominent Durian exporters as Thai Hong Fruits Co., and Fah Charoenporn Inter. 
Co., indicate that the future Durian export trend will depend on price and quality. A reasonable export price range of 20-
25 baht per kg is thought by the major exporter to induce a good export outlook. Furthermore, the foreign market expects 
a Durian frui tof quality, well ripened with meat of a specific consistency. Only when these requirements are met, will a 
bright export market be found [11].

TABLE 3
TOTAL DURIAN’S EXPORT

2009 2010 2011

QTY(Tons) Value QTY(Tons) Value QTY(Tons) Value

Durian, fresh 256,172 4,114.4 207,501 3,690.3 224,380 4,212.5

Durian, dried 490 144.8 366 142.4 218 85.2

Durian, frozen 19,768 510.8 15,440 560.6 12,557 462.4

Total 276,430 4,770 223,307 4,393 237,155 4,760
Source: Thailand foreign agriculture trade statistic 2010, All values are Million THB
http://www.oae.go.th/fruit_report/export_import/export.php

As the longan’s production characteristic is concerned table 4 show the production resources and period of 
production. The data indicates a rising trend of production area and yields. In 2010, the planting area was 954,574 rais. 
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TABLE 4
LONGAN’S PRODUCTION

2006 2007 2010

Longan Agriculture
Area (rai)

QTY(Tons)
Yield

Agriculture
Area (rai)

QTY(Tons)
Yield

Agriculture
Area (rai)

QTY(Tons)
Yield

All 781,872 471,892 829,586 495,000 954,574 525,230

Northern N/A N/A N/A N/A 852,442 394,252

Earthern N/A N/A N/A N/A 51,511 111,880

EartNorth N/A N/A N/A N/A 50,621 19,098

Source: Thailand foreign agriculture trade statistic 2010
http://www.oae.go.th/fruit_report/export_import/export.php

In table 5, the major export items of longan products are classified as fresh, dried and frozen. In 2010, the total 
export of longan products in fresh longan equivalent was approximately 249,813 tons worth 4,103.2 million baht. 
Additionally, there were exports without official record. The export of longan products in fresh equivalent grew 
gradually during the period of 2009 to 2011. The major foreign markets are neighboring countries, namely Hong Kong, 
Singapore, Malaysia and Indonesia which account for 80% of total export. However, Europe especially England and 
France is recognized as a new potential market. Canada also poses a new market prospect because its import is 
increasing. The major markets for dried longan are the existing markets of Hong Kong, South Korea, Singapore and new 
markets.

TABLE 5
TOTAL LONGAN’S EXPORT

All values are Million THB
2009 2010 2011

QTY(Tons) Value QTY(Tons) Value QTY(Tons) Value

Longans, fresh 239,838 3,632.9 216,395 3,512.9 249,813 4,103.2

Longans, dried 144,154 2,589.6 72,705 2,109.3 107,725 133.5

Longans, frozen 204 12.9 211 16.4 21 2.5

Total 384,196 6,235 289,311 5,639 357,559 4,239

Source: Thailand foreign agriculture trade statistic 2010
http://www.oae.go.th/fruit_report/export_import/export.php

Based on analysis of the data of past export performance coupled with interview of producers in Chiangmai and 
Lampoom provinces, processing factories and major exporters of canned fruit (Malee Sampran Factory, General Food 
Company Limited), and a seminar, the trade expansion of longan and its products has good prospects in both Asian and 
European countries. However, market expansion should be supported by the government and the private sector could 
follow to support further expansion. On the production side, when farmers have good varieties, technologies of 
production and harvesting can be developed [11].

MARKET SURVEY RESULTS

Students who were enrolled to Supply chain management master classes at SGGW in winter 2011 were assigned 
to survey and collect data from the retailer shops, companies, and supermarkets in Warsaw, Poland about the longan and 
durian fruits sale.  There are many shops in Warsaw which sell fruits and vegetable, but only few shops have sold durian 
and langan in different form.  Table 6 shows the results of surveying data about retailers in Warsaw.  
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TABLE 6
DURIAN AND LONGAN’S RETAILER IN POLAND

Shop’s name Fresh fruit Dried fruit Canned fruit
Durian Longan Durian Longan Durian Longan

E.LeClerc Yes, * No, No, No, No, No,
Tesco No, No, No, No, No, No,
Carrefour No, No, No, No, No, No,
KuchnieSwiata No, No, No, No, No, Yes ,
Asia House  No, No, No, No, No, Yes,
Frisco.pl No, No, No, No, No, Yes, **

(Masala)
No, No, No, No, No, Yes, 

*They have fresh Durian only in summer
** Online market 

Table 7 shows that among the large super markets fresh durian is not found, except for the supermarket E’ 
Leclerk. Freshworld chain supplies fresh durian equal 4 kg per day, but the demand only 2 kg per day available in 
summer. Price of this fruit is approximately 24 zl per fruit (equal to 240 bath). This data shows unbalance between 
supply and demand. 

TABLE 7
SUPPLY AND SALE VOLUME OF FRESH DURIAN IN WARSAW

The  shop name Supplier Price Supply Sale

E’Leclerc Freshworld 4 kg 2 kg

Table 8 shows “Asia House” which has direct supplier from Thailand. This shop has quite stable demand of 
canned longan (approximately 4 pots per month).  In Kuchnie Swiata, a CHAO KOH shops longan in can cost 11 z
These products are imported mostly from Netherland. Frisco.pl shop is a pioneer in online shopping. Unfortunately, they 
did not give information about supply and demand (N/A). Holland and demand 
equal 3 pots per month.  These data show the small demand on both fresh Durian and canned longan.

TABLE 8
SUPPLY AND SALE VOLUME OF CANNED LONGAN IN WARSAW

The shop name Supplier Price Supply/month Sale/month

Asian House (Seafood 
Ltd)

Thailand 6 pots 4-5 pots 

Kuchnie Swiata Netherland N/A N/A

Frisco.pl N/A N/A N/A

(Masala)
Holland per 1 pot (230 g) 3 -4 per month 2-3  pots per 

month
‘* KIER canned Longan   ** CHAO KOH canned Longan
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SWOT Analysis

Based on executed investigation the SWOT analysis was executed to find out the strategic factors for improving 
above described situation. The following description presents the results of analysis.

Strengths

1 )  Farmers have long experience and high potential in good  production,
2)   The quality and taste of Durian and Longan are very good.
3)   Thai exporter has experience in export fruit to aboard, 
4)   Durian is organic and healthy.

Weaknesses

1) Life of fresh Durian and Longan are short and seasonal.
2) Weight of fresh Durian is heavy cause high cost in transportation.
3) Durian has high  fragment, European don’t want to try,
4) Transportation Thailand to Poland is long distance.
5) Supply chain of Thailand’s fresh fruits is not high developed. 

Opportunities

1) Poland has high purchasing power.
2) Durian and Longan market in Poland is frontier stage, it good opportunity for exporters.

Threats

1) Durian and Longan production is depend on natural environment, the yield of Durian and Longan in each year 
are varied.  

2) Lacking employee for farmer to produce in high volume.
3) Transportation cost from Thailand to Poland via air plane is high.
4) Durian and Longan are not popular fruit for Polish and European.
5) Durian and Longan are high price compared to local fruit as Apple.

Supply Chain Model Development

Finally, the supply chain model can be developed, which is presented in Figure 3.  The stakeholders in the chain 
are: aggregator, wholesaler in Thailand, exporter, international wholesaler, wholesaler in Poland, retailer in Poland, 
consumer in Poland.

Aggregator collects durian and longan from farmer directly or might have representative in each local village. 
There are two kinds of aggregator. Firstly aggregator sends durian to wholesalers in wholesale market. Secondly 
aggregator brings durian to wholesale market and sale for retailers himself in wholesale market. Wholesaler normally is 
located in wholesale market; he distributes fresh fruits to retailers in Bangkok, other provinces in wholesale price. In case 
of exporting fruits, before export fruits they have to do size selection and packaging.

Exporter can be done by the same wholesaler or separate. The shipping process or exporting process is needed.  
International wholesalers supply the whole fruits and vegetables from Thailand to European countries or to Holland or to 
Poland.  Asian House and SktadBananow companies are the example. 

Wholesale   hypermarkets   (self-service wholesaling)   functioning   in   Poland belongs to   two companies 
with foreign capital: Makro Cash and Carry Poland Ltd (part of Metro AG Concern). 

Retailers can be characterized as discount shops or modern-trade systems. Today many people to buy fruits and 
vegetables a supermarket, cash and carry stores instead of old-style market. These kinds of shops can be found not only 
in city but also in outskirts of cities. The names of modern retailer show in table 6.  Discount   shops   are   very   popular   
among Polish   consumers.

Recent increase in fruit consumption in Poland has been irregular and has fluctuated. However, in a long period 
we can observe considerable raise of its level. Despite of significant increase in fruit consumption in  Poland,  it  has  
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been  still  very  low  comparing  with  other  countries  of  the  EU.  Fruit consumption in Poland is more than 20 kg 
lower than recommendations of the National Food and Nutrition Institute.  Taking a fact of a low level of fruit 
consumption in Poland into account, there have been taking up more promoting activities in order to encourage 
consumers to fruit consumption. An example of such activities was  a  campaign  “vegetables  and  fruit  5  times  per  
day”  as  well  as  product  innovations continuously launched on market [10].

FIGURE 3
FRUITS SUPPLY CHAIN FROM THAILAND EXPORT TO POLAND

CONCLUSION AND RECOMMENDATION

During the feasibility research it was found out that although and longan is popular in Thailand and other Asia 
countries they are not so popular in Warsaw, Poland even are uncommon for citizens. Additionally, durian is high price 
fruit compare with other fruits in Poland. Marketing of exotic fruits are not very well develop in Poland.

As a recommendation it can be suggested that Thailand should increase and stimulate demand for durian and 
longan in Poland by begin to offer the fruits in special cafes and restaurants, then observe the preferences of consumers, 
what they like best, fresh or canned fruit. Additionally, Thailand should advertise these fruits (emphasis on the fact that 
product are organic and healthy). 

The supply chain need to be aligned with requirements of importing countries which require control and 
monitoring of quality standards of the raw materials and processed products. Thailand should introduce durian and 
longan in dried form because they are available over year, fresh are available only their season. 
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ABSTRACT 
 

The objective of this paper is to ignite the value-added alternative solution in the cassava industry’s supply chain. 
Due to the supply chain of cassava, we can see the two important products which are tapioca chip and tapioca starch. The 
researcher who has the long experience in tapioca chip—one important path of supply chain in the cassava’s industry. 
The challenge question is “Is it true that tapioca starch is the most value-added alternative solution in the cassava 
industry’s supply chain?”  
 
KEYWORDS 
Cassava, Tapioca Chip, Tapioca Starch, Value-Added Alternative Solution 
 
 

INTRODUCTION 
 

Cassava is the agricultural products which was ranked in the # 7, behind corn, wheat, sugarcane, potatoes and 
vegetables from the years 2004 - 2008 (2547-2551 BC). The world's supply produces more than 200 million tons per year, 
or about 3 percent of the world's agricultural output. The products are mainly consumed as food, feed and industrial use 
which tends to increase production’s capacity continuously (see Figure 1). 

 
FIGURE 1 

TOP 10 OF AGRICULTURAL PRODUCTION OF THE WORLD  
 

 
 

 
 
 

Remarks : Data on Yr. 2008Source
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About 117 million acres of the world’s cassava have been planted in the South America shown in Figure 1. The 
major manufacturers including Brazil, Colombia, Paraguay, Peru, Haiti and Africa, including Ghana, Nigeria, Congo, 
Angola, Tanzania, and Asia, including Thailand, Indonesia, Vietnam, India and China (Figure 2), which has an area of 
cassava cultivation with the suitable environment. 

 
FIGURE 1 

PLANTING CASSAVA IN THE WORLD 
 

 
 

FIGURE 2 
YIELD IN THE MAJOR CULTIVATED AREAS 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Remarks : Data on Yr. 2008 
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FIGURE 3 
TOP 5 OF CASSAVA PRODUCING COUNTRIES IN THE WORLD  

 

 
Thailand is an agricultural country which provides the agricultural export products. Statistical value of 

agricultural exports of the top 10 agricultural products in 2555 B.C. (Jan-Sep) was 511,583.8 million baht. The cassava 
products have export value of 63,228.3 million baht which is 12% of agricultural output over the first 10 years and is 
likely to increase from 2554. 

 
TABLE 1 

VALUE OF TOP 10 AGRICULTURAL EXPORT PRODUCTS FROM 2552 TO 2555 (JAN-SEP) 
 

 
 
 
 
 
 
 
 
 
 
 

Nigeria Thailand

IndonesiaCongo

Brazil
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FIGURE 4 
VALUE OF TOP 10 AGRICULTURAL EXPORT PRODUCTS   

 

 
 

Cassava is an important agricultural product in the world which has the production volume of over 200 million 
tons per year. The production growth is likely to increase continuously. Cassava is a major source of crop in South 
America, Africa and Asia. The top 5 producers include Nigeria, Brazil, Thailand, Indonesia, and the Congo, respectively. 
More than 80 percent of cassava consumption is in food and feed. The major cassava products of the world’s 
consumption are in the form of primary processed products—Tapioca chip and tapioca Starch. The major exporter of 
tapioca Starch are Thailand Vietnam and Indonesia while the major importers of tapioca chip are China, Indonesia, Japan, 
Taiwan and Malaysia. For the tapioca chip’s exporters, the major exporters including Thailand, Vietnam and Indonesia. 
The importers are China, South Korea and the European Union. In Thailand, cassava is an important commercial crop 
which has the production volume of more than 20 million tons each year. About 30 percent of the products are domestic 
consumption and the remainder exported to the world market. Which Thailand is the first exporter of cassava products in 
the world’s market continuously. 
 

Trade liberalization under the ASEAN Economic Community (AEC), which is an important market with high 
potential to increase agricultural products. The ASEAN is a big market with a combined population of 580 million 
people. These factors combined with the benefits directly to only cassava products. Since Thailand is a country with great 
potential in the production and export of cassava products in ASEAN with the highest market share over competitors 
such as Vietnam and Indonesia.  In addition, Thailand's cassava production costs per acre is lower comparing to the other 
countries including with the development of technology in the production and processing of cassava and related tapioca 
industry. However, the industry and the export of cassava products of Thailand depend on the demand of China under the 
price competition. While Vietnam cannot produce enough tapioca products to serve the demand of the customers. For the 
future, the major concern is the quality development of Vietnam especially "Clean tapioca chip" became a key issue 
during the 1-2 years under the Chinese’s major concern in cleanliness and contamination. 

 
The movement of cassava products in the world market is determined by factors of supply and demand of the 

market. In the current situation, the major variable is the demand for tapioca in China. The major importers are likely to 
increase demand for the production of alcoholic drinks, the use of renewable energy and animal feed. The variable of the 
supply is the reduction of climate change and disease, insect infestations. Moreover, the growth in demand for ethanol 
industry factors will likely result in increased demand while the supply is decreasing. As a result, the price of cassava 
products in the world market is likely to increase1. 
 
 
 
 

1 source : http://www.thai-aec.com
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This Objectives of the Study as follow: 
1. To study the value-added solution comparing between tapioca chip and tapioca starch within the supply 
chain. 
2. To develop the model in order to find out the value-added alternative solution in the cassava industry’s 
supply chain. 

 
 

LITERATURE REVIEW 
 

The researcher carried out an intensive and extensive survey of literature and found that studies conducted by 
The Thai Tapioca Trade Association, National Science and Technology Development Agency and Office of Agricultural 
Economics, Ministry of Agriculture and Cooperatives. Moreover, the researcher has to add on with the study in cost of 
processing in both tapioca chip and tapioca starch. 

 
 

METHODOLOGY 
 

The researcher studies the data from both primary and secondary sources in order to find out the comparative 
study indicating the value-added solution of both tapioca chip and tapioca starch. 
 
 

DATA ANALYSIS AND FINDINGS 
 

Supply chain of cassava products. Figure 5 shows the result can be seen as the supply chain of cassava (fresh 
roots) can be processed into a product of two basic components: starch and cassava chip which can be extended to the 
relevant industries before it can be linked to the consumer. 
 

Considering for the usage of the product in the cassava’s supply chain. The interesting study is which is the 
reasonable choice of product that has the highest value added amount through the supply. Although tapioca chip has 
lower value per unit comparing to the starch, the growth trend of the value per unit compared to the base year is higher 
than the value per unit of starch. Rate per unit value of the chip is 288% in 2554 compared to the base year. The rate per 
unit value of cassava is only 183% compared to the base year. This is an interesting issue to evaluate the needs and added 
value of each products. 

 
FIGURE 5  

SUPPLY CHAIN OF CASSAVA PRODUCTS 
 

 
 
 



336 Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

Utilization of cassava diagram showed that cassava is used in major industry such as tapioca chip and starch. In 
tapioca starch, accounted for 40 percent of production is divided into 8 percent domestic and 32 percent export. For the 
cassava chip, the yield proportion is 55 percent which shared to the 19 percent domestic usage and 36 percent of exports. 
For the ethanol production, the usage is accounted for 5 percent. 2 

 
FIGURE 6 

USAGE OF CASSAVA PRODUCTS 
 

 
 

Cassava export statistics in the last 5 years, exports amount shows the higher value-added of tapioca chip. As 
shown in the chart, It can be seen that the trend has been impacted from the government promotion policies in each 
period which reflect the fluctuated export amount in the chart. However, the chart line value per unit of output shows 
continuous growth of value added per unit of the tapioca chip. 

 
FIGURE 7 

THE AMOUNT (MILLION KG.) AND VALUE (MILLION BAHT.) 
 

 
 
 

2source : The Thai Tapioca Trade Association
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FIGURE 8 

VALUE PER UNIT OF TAPIOCA CHIP 
 

 
 
 
 

FIGURE 9 
THE ADDED VALUE PER UNIT AND % GROWTH COMPARED TO THE BASED YEAR 
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TABLE 2 
VALUE PER UNIT AND % GROWTH COMPARED TO THE BASED YEAR 

 

 
 

The conversion rate of agricultural productivity. "Agricultural Statistics Document No. 432," Office of 
Agricultural Economics. This statistics show that 100 kg of cassava can be able to produce 22.42 kgs tapioca starch. 
While the yield of cassava to tapioca chip is 40.82 kgs which is almost two times comparing to the yield of tapioca starch. 
Moreover, tapioca chip can be extend to the other related industries to create value throughout the supply chain, 
including the production of food, animal feed and ethanol industries, as shown by Figure 10. 
 
100 kg of cassava can be processed to 22.42 kgs of starch.  
100 kg of cassava can be processed to 40.82 kgs of tapioca chip.  
100 kg of cassava can be processed to 16.00 liters  ethanol production. 

 
FIGURE 10 

CASSAVA SUPPLY CHAIN 
 

 
 

The interesting related industry is ethanol. Considering the demand of  domestic and export , China's demand 
for alcohol is vastly , 5 million tons, accounting for the proportion of 36% tapioca chip  as the raw material. While the 
demand of tapioca chip for the ethanol production considering  from the 19 manufacturers] capacity which shown 
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3,075,000 liters per day. If the conversion rate is 100 kgs per 16 liters of ethanol , the domestic demand for ethanol 
production has reached 19,218.7 tons. 
 
 

FIGURE 11 
THE AMOUNT OF ALCOHOL SOLD IN THE 2006-2010 MARKETING YEAR 

 

 
 

The study of value-added alternative solution in the cassava industry’s supply chain purposed to compare the 
value added alternative solution between tapioca chip and tapioca starch. While the same material is fresh cassava roots, 
it is hypothesized to solve the optimal choice for resource-efficiency. Due to the increasing in demand of tapioca chip 
and tapioca starch and the sufficiency of supply in cassava. Therefore, the methodology will give high and suitable value 
alternative solution concerning all major variables involved. The tools used for this study is “Excel Solver” .The 
variables concerned in this study are comprised of: 

 
 fresh cassava planted area supply and yield 
 The value-added of production in each supply chain 
 Cost of processing for each product. 
 Demand for each line of products and the related industries through the supply chain 
 Energy costs involved in the production of each product. 
 The relevant factors to consider include impacts to upstream or farmers 

 
The variables and relationships involved in the study can be expressed as the following equation. 
 

MAX Value Added = (Vc*Qc)+(Vs*Qs) 
Vc = Value added per unit of tapioca chip 
Qc = Quantities of processing cassava to tapioca chip. 
Vs = Value added per unit of tapioca starch 
Qs = Quantities of processing cassava to tapioca starch. 
The value must be a value per unit minus the cost of processing each product. 
 
The limits of the parameters involved. 
Qc + Qs  <= Supply of Cassava 
Qc  >= Domestic Demand + Export Demand of tapioca chip 
Qs  >= Domestic Demand + Export Demand of tapioca starch 
 

What would be expected from the study is a fascinating and educational model that can improve the decision 
making processes in concrete. In order to further study on the feasibility of continuing in the production of cassava is 
preferred by both domestic and foreign demand. While the supply is limited and the need for effective management of a 
supply management plan implementation mechanism, which is reflected in the overall value of the country as well. 
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THE RECOMMENDED APPROACH 
 

The alternative of cassava usage is not only considering on the price of the product but also the value-added 
solution from each product. The decision should include the relationship through the supply chain. The researcher will 
develop the study from the methodology and study more from the samples of the factories within each industry—tapioca 
chip and tapioca starch. The longer value-added supply chain should be the interesting choice to consider raw material 
usage first. 

 
 

CONCLUSION 
 

The alternative of cassava usage is not only considering on the price of the product but also the value-added 
solution from each product. The decision should concern on the relationship through the supply chain. It’s the gap that 
needs to find out what is the suitable model to find out the solution under the higher demand and the shortage of supply 
in cassava. The further study will be shown on the next research so we can highlight the properly solution under the 
approach. 
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ABSTRACT

This paper addresses the integrated inventory and distribution planning considering patient safety in the 
healthcare supply chain which consists of one supplier and many buyers such as hospitals or health centers. We consider 
a finite horizon, multi-periods and multi-buyers with patient safety where a fleet of capacitated vehicles transport 
medicine from the supplier to meet the demand specified by many distinct buyers in each period. A mixed integer 
programming formulation is developed, which finds exactly when to deliver to a hospital, how much to deliver to a 
hospital in a time period and how to route vehicles such that the sum of transportation and inventory costs is minimized 
while still meeting patient safety level. To solve the problem we develop a genetic algorithm. The algorithm is compared 
with the optimum on sets of test problems. The experimental results validate the quality of the solutions and the 
effectiveness of the proposed genetic algorithm.

KEYWORDS
Healthcare Industry, Supply Chain Management, Inventory Routing Problem, Patient Safety, Genetic Algorithm

INTRODUCTION

Recently with the emergence of an innovative supply chain management (SCM) that transcends the whole 
process of business logistics, the healthcare industry is more changing than ever. Due to fierce competition and the 
increasing patient‘s need to deliver healthcare services in a more efficient and effective way, many healthcare 
organizations are faced with various difficulties in healthcare supply chain management. However, most SCM studies are 
in the industrial field, and only a few are in the healthcare research field (Liao, 2009).   

However, from both the recent practical and academic standpoints, the emphasis in SCM is strongly skewed 
toward the healthcare industry with the increasing standard of living. The most important connection of SCM from 
suppliers to customers is the cost-effective inventories flow with high customer service level. Likewise, in healthcare 
industry, the effective and efficient supply of medicines to delivery healthcare service is important while minimizing the 
inventory and transportation cost with consideration of service level for patient safety. To overcome this difficult 
situation in the increasingly more complex and wider healthcare industry, it is natural to apply supply chain concepts to 
healthcare industry.

In this paper, we consider the inventory routing problem (IRP) to minimize the integrated inventory 
distribution cost occurring in supplying the appropriate quantity of medicine from one supplier to each hospital while 
keeping patient safety level in each hospital. To aid in resolving this problem, we propose IRP in which inventory control 
and vehicle routing decisions are made simultaneously to meet patient safety for each time period over a specific 
planning horizon. In other words, IRP combines an inventory control problem with a vehicle routing problem considering 
patient safety. 

Since the IRP considering patient is a generalization of the IRP, it belongs to the class of NP-hard problems. As 
a result, finding exact solutions to the IRP considering patient safety is not still easy to researchers, despite the impact of 
innovative developments in computer technology and mathematical programming. In this paper, IRP considering patient 
safety is formulated as a mixed integer programming (MIP) model. We find the optimal solution for TDIRP by using 
CPLEX solver. Since finding the optimal solutions for IRP considering patient safety is a NP-hard problem, a genetic 
algorithm (GA) is applied. We develop new chromosome structure to represent vehicle routing and inventory solutions in 
IRP considering patient safety. Then suitable crossover and mutation operators for the improvement phase are proposed. 
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The paper is structured as follows, section 2 introduces the studies involves healthcare supply chain 
management and patient safety. Section 3 introduces a mathematical model dealing with transportation and inventory 
decision making in healthcare supply chain. In Section 4 we introduce genetic algorithm with representation of 4-
dimentional matrix gene to solve the problem. In section 5, we compare CPLEX with proposed genetic algorithm
through numerical experiment. Finally section 6 presents the conclusions.

LITERATURE REVIEW

Healthcare SCM (HSCM) is more complex than other industries because of the delivery of adequate and 
accurate medical service according to the patient’s need. Buddress and Raedels (2000) presented supply chain 
management tools that should be considered in healthcare industry. They address how to apply these tools to healthcare 
industry and how to achieve significant benefits that result in control of healthcare costs. Rivard-Royer et al. (2002) 
present a case study for hybrid stockless replenishment methodology in medical supplies in Canada and the lessons 
learned. Stockless replenishment has evolved in a more effective and efficient hybrid model of replenishment resulting in 
healthcare cost reductions for both the distributors and the hospitals. Roark (2005) examine the healthcare supply chain
from the alternate perspective of the requisition process of order. He emphasizes that the supply chain cost represents 
25% to 30% of total operating expenses and that savings opportunities in this area have not begun to be exploited. The 
role of purchasing organizations is discussed in detail, along with cost-saving measures that can lead to improved patient 
outcomes and enhancements to the bottom line. They stress there is many studies about framework of HSCM, a 
fundamental concepts and long-term strategy.

FIGURE 1
DISTRIBUTION MODEL IN HSCM

Generally speaking, patient safety means effort to prevent against disease or any other bad situation which 
influences human life. Since the healthcare industry involves high risk for morbidity and mortality, it is considered to be 
a high hazard industry. Therefore, in healthcare industry, there is various studies concerned with factors that measures 
patient safety. Institute of medicine (IOM) recommend that healthcare organizations should enhance their patient safety 
culture. It is emphasized that improving patient safety is an important issue to enhance the high quality care of hospital.
Schmidt (2003) examines the barriers in reporting medication errors and addresses that the application of periodic 
monitoring in medical inventory could not only improve inventory control but also increase patient safety. In the 
previous studies, there are no cases dealing with integrated inventory and transportation management on healthcare 
industry with patient safety.
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MATHEMATICAL MODEL

A IRP considering patient safety should finds exactly when to deliver to a hospital, how much to deliver to a 
hospital in a time period and how to route vehicles such that the sum of transportation and inventory costs is minimized 
while still meeting patient safety level. To make these decisions, we propose a IRP considering patient safety in 
healthcare industry. The IRP considering patient safety is NP-hard in the strong sense due to its vehicle routing element 
along with its interaction with inventory decisions (Abdelmaguid and Dessouky, 2007). Figure 1 shows IRP model in 
HSCM that involves decision variables such as route, quantity and period. In the HSCM situation, each hospital should 
set a patient safety level affecting the transport route and inventory level. With high inventory level of each hospital and 
frequent transportation from supplier to each hospital will increase patient safety. However, the total cost including the 
inventory and transportation cost will also increase with high patient safety. 

Therefore, we attempts to trade off between patient safety and the total cost. That is, the total cost is considered 
based on the level of patient safety. The prevention of medicine shortage is an important factor in analyzing the patient 
safety for HSCM based on the HSCM explored in material flow (Liao, 2009; Rogers et al., 2007; Schmidt, 2003). 
Service level, which is the capacity to have inventory present when and where it is desired by a patient, is a feasible 
index to measure the shortage level of medicine. Therefore, in this paper, service level is the index of patient safety level. 

We will make the following assumption.

1. Backordering/backlogging is not allowed at hospital in order to relate to patient’s life.
2. Supplier provides only one type medicine to each retailer.
3. Replenishment lead-times including transportation time are zero.

Notations
i = 0 centralized purchasing center
i,j = 1, 2,…,N a set of hospital
t = 1, 2,…,T period index
v =1, 2,…,V size of the vehicle fleet
qv capacity of vehicle v
Ci capacity of inventory at the hospital i
ft fixed vehicle cost per trip in period t
dit demand for medicine at the hospital i
cij travel cost between edge i and j where cij = cji
hi inventory carrying cost of medicine at each hospital i

i patient safety level for hospital i

Decision variables
yv

ijt total amount medicine to be delivered by vehicle v from hospital i to j in period t
xv

ijt equals 1 if vehicle v travels from i to j in period t, and 0 if it does not.
Qit transported medicine quantity to hospital i in period t
Iit inventory level of medicine at the hospital i at the end of period t

0 1
1 1 1 0 0 1 1 1

min ( )
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t jt ij ijt i it it it it i
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The objective function (1) represents the cost minimizing function. That includes ordering cost, fixed cost of 
initial route, transportation cost, inventory cost and shortage cost. Constraint (2) means that transported quantity plus 
inventory level over demand value should be over than patient safety level of each hospital. Constraint (3) denotes the 
transported quantity of each hospital. Constraint (4) means that vehicle visit a location no more than once in a time 
period. Constraint (5) is to ensure that the number of vehicles leaving a hospital or the supplier is equal to the number of 
its arrival vehicles. Constraint (6) is to ensure that the amount transported between two locations will always be zero 
whenever there is no vehicle moving between these locations and to ensure that the amount transported is less than or 
equal to the vehicles capacity. Constraint (7) is to eliminate sub-tour, and Constraint (8) is inventory balance equations 
for the hospitals. Constraint (9) represents each hospital cannot exceed its capacity. Constraint (10) and (11) are domain 
constraint. Constraint (12) is penalty cost incurred when quantity doesn’t meet the demand.

GENETIC ALGORITHM

An IRP considering patient safety is NP-hard. Therefore, if the size of problem grows, it is difficult to find 
optimal solution with exponentially increasing computation time. To overcome this difficulty we propose a GA that is 
one of the meta-heuristics methods. GA is a general-purpose optimization procedure based on the mechanics of natural 
selection and natural genetics. The GA has been successfully applied to a linear transportation problem (Vignaux and 
Michalewiz, 1991) and non-linear transportation problem (Michalewicz et al., 1991) with the results of a near-optimal 
solution. Figure 2 shows GA process in this paper.

FIGURE 1
GA PROCESS

GA Representation

The performance of GA is dependent on how you set a gene representation and evaluation function. We suggest 
representation of gene that is 4-dimensional matrix as a single unit which is shown in Figure 3. A single unit with four 
index values involving sequence number of vehicle, number of vehicle, planning period represents a transported quantity 
of decision variable. Decision variables are determined by combination of these units with index to minimize objective 
function. An inventory and transportation integration decision for the gene expression of matrix units is shown in Figure 
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4. The transportation planning factors in the plane zx represent a hospital order and the path of the vehicle to be 
transported.

FIGURE 2
4-DIMENSIONAL MATRIX AS A SINGLE UNIT

FIGURE 4
AN INVENTORY AND TRANSPORTATION INTEGRATION DECISION FOR THE GENE EXPRESSION

In the previous research of Abdelmaguid and Dessouky (2007) on application of GA to IRP, the representation 
of gene limits only the inventory of each retailer with the application of the saving algorithms to vehicle routing. In this 
study, the gene representation of proposed GA satisfies the necessary conditions of successful GA implementation by 
being as minimal as completely expressive.

(1) Initialization

The GA initialization process uses nearest neighbor search (NNS) method which finds a non-visited node such 
that the link from the last-visited node to this node has the smallest distance and does not violate the vehicle capacity 
restrictions for the current vehicle. 

Step 1. Start from the depot at the given starting time.

Step 2. Find a non-visited node such that the link from the last-visited node to this node has the smallest distance and 
does not violate the vehicle capacity restrictions for the current vehicle. Add this node to the tour of the current vehicle.

Step 3. Repeat step 2 until all nodes are visited and return to the depot. If all nodes are visited, stop. Otherwise, if the link 
does violate the capacity restrictions for the current vehicle, indicate infeasible solution and stop.

(2) Fitness function and evaluation

The fitness function is the measure of goodness of a solution with respect to the original objective function. For 
the IRP considering patient safety we have considered, candidate solutions with lower total costs imply better solutions. 
Thus, the fitness function for each chromosome is defined as the inverse to the total cost value of the original objective 
function with the form in Eq. (13). In result, the higher the fitness value the more chances the individuals have to be 
selected. 

0 1
1 1 1 0 0 1 1 1

1

( )
T N V N N V N Nv v
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t j v i j v i i

Fitness Function
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(3) Crossover and mutation operation

Selection is the procedure of a GA in which individual genomes are chosen from a population for later breeding.
Retaining the best individuals in a generation unchanged in the next generation is called elitism. It is a successful variant 
of the general process of constructing a new population. We use roulette-wheel selection and elitism. Crossover operation 
is applied to generate the offspring genes between parent chromosomes and child chromosomes. Each gene of the 
chromosome is expressed in the form of an integer within a certain range, these types of chromosomes can be applied to 
the n-point mating. Figure 5 shows an example of crossover.

FIGURE 3
EXAMPLE OF CROSSOVER 

Mutation is a genetic operator used to maintain genetic diversity from one generation of a population of 
chromosomes to the next. In mutation, the solution may change entirely from the previous solution. Therefore, GA can 
obtain better solution with mutation. We randomly select the index with planning time, vehicle route, and route sequence 
to change value of transported amount and of hospital.

NUMERICAL EXPERIMENT

The prototype of the proposed GA is developed in a C++ programming platform and executed on a 2.8 GHz 
processor with 8 GB of RAM. We compare the results obtained by the GA with the optimal solutions to give a measure 
of how far the results are from them. The optimal solutions are generated using CPLEX 12.3 In our implementation of 
the GA, the number of generations, population size, the crossover rate and the mutation rate are fixed at 1000, 100, 0.8, 
and 0.01 respectively, for all problems. Table 1 shows the data sets.

TABLE 1
DATA SET FOR EXPERIMENT

Problem type 1       2          3          4         5
Number of hospitals 4      15         25          30        50
Number of planning period 2      5             7              10
Vehicle 
data

Transportation cost Vehicle fixed cost Vehicle capacity
UNIF(5,30) $100 75 (unit)

Hospital 
data

Storage capacity Unit holding cost Penalty cost Patient safety
50 (unit) 0.09 - 0.13 ($/unit) 2.7 – 3.4 ($/unit) 90 %

GA
operator

Max generation Population Pc Pm
1000 100 0.8 0.01

A total of 19 test problems were generated by varying the number of hospital and the number of planning 
periods. The naming convention of the test problems starts with the letters “IRP”, followed by two digits for the number 
of retailers. Finally, the last two digits represent the length of the planning horizon. Thus, the problem IRP0402 
represents the first randomly generated test problem with 4 hospitals and a planning horizon of 2 periods. We perform 7 
runs on each data set. Table 2 summarizes the experimental results for best total costs and CPU times obtained from GA 
and CPLEX. In the sixth column of the table, we present the percentage differences for objective value between the total 

cost obtained by GA and the optimal solution found by CPLEX, which is 
(GA value - CPLEX value) 100

CPLEX value
. In 

final column of the table, we report the percentage differences for execution time for GA and CPLEX, which is 
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(CPLEX exe. time - GA exe. time) 100
 GA exe. time

.

TABLE 2
EXPERIMENTAL RESULTS

Problem CPLEX GA Diff. % for obj. 
value

Diff. % for 
time (s)Obj. value Time (s) Obj. value Time (s)

IRP0402 637.00 6.44 681.13 0.98 6.93 44.13
IRP0405 1331.00 8.30 1419.16 1.24 6.62 85.06
IRP0407 2582.00 9.25 2756.71 2.70 6.77 70.81
IRP0410 3832.40 11.99 3964.78 4.50 3.46 62.47
IRP1005 6235.00 54.84 6424.78 35.38 3.04 35.49
IRP1007 8757.00 76.96 8929.10 43.57 1.97 43.38
IRP1010 9633.60 135.60 10112.20 52.40 4.97 61.35
IRP1505 7202.60 148.80 7713.34 83.40 7.09 43.97
IRP1507 8502.00 163.79 8808.68 93.66 3.61 42.82
IRP1510 13363.00 176.12 13713.10 105.84 2.62 39.90
IRP2005 10761.00 302.45 11395.20 267.64 5.89 11.51
IRP2007 14057.00 396.60 14474.10 332.30 2.96 16.21
IRP2010 18397.00 526.40 19527.80 447.72 6.14 14.95
IRP4005 N/A* N/A 26285.00 1356.00 N/A N/A
IRP4007 N/A N/A 36161.10 1820.57 N/A N/A
IRP4010 N/A N/A 51973.10 2214.00 N/A N/A
IRP5005 N/A N/A 34119.60 4240.00 N/A N/A
IRP5007 N/A N/A 45299.50 5557.08 N/A N/A
IRP5010 N/A N/A 70291.50 5984.87 N/A N/A

N/A* : non-available

We note that CPLEX terminates prematurely in 4 of the data sets due to memory usage. CPLEX do not provide 
any solution for the 2 large problems of CPU time. It is observed that the average value of difference % for objective 
value is 4.59. Moreover, the average value of difference % for execution time is 44.00. Therefore, the best solutions for 
proposed GA are found in significantly less CPU times. As a result, GA performs relatively much better for larger 
instances.

CONCLUSION

This paper addresses the integrated inventory and routing problem considering patient safety in the healthcare 
supply chain. A GA for solving the IRP considering patient safety is developed. A new genetic representation in the form 
of a four-dimensional matrix is designed. A suitable crossover and mutation operator is developed. In the GA 
construction phase, a construction algorithm with an NNS heuristic is used. In the GA improvement phase, the crossover 
and mutation operators are regulated by each operator. The experimental results show the significance of the developed 
GA.
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ABSTRACT

This research studied about green logistic and the expected benefit that organization gotten when adapted to 
green logistic also the organization concerned about the important activity in green logistic to apply in implementation 
from study was found that the benefit of green logistic that organization was gotten by logistic management which was 
the increased efficiency process of management the product from producer to customer all of reduce production cost, 
increased value added save energy and prevented environment together. From study was found that the organization had 
green logistic to apply in logistic activities in supply chain since downstream till upstream to prevent environment as 
follow 1). Purchasing process, trade facilitation enhance such as linking of information technology during business to 
business (B2B business). 2). Productions process improved by business logistic improvement 3). Warehouse 
management process such as recycled packaging, moving goods in to warehouse, transportation goods and inside 
receiving and delivery products plan

KEYWORDS
Green Logistics, Trade Facilitation, Business Logistic Improvement, Double Handling

RATIONAL OF THE STUDY

Global warming problem was the important affects the most population lifestyle particular uncertain season, hot 
and extremely cold, those problem were happened from carbon dioxide emission to atmosphere. The key of carbon 
dioxide emission to atmosphere was lack of transportation plan. Utilization both of vehicle route and transportation mode 
in developed country and had be good competency of logistic management such as England that not only had be good 
logistic management plan to reduce cost and good increased core competency competitive but also able to reduce 
environment pollution by green logistic as a result to save government budget to prevent the affecting environment and 
increased life quality of population this become the root to development country (McKinnon, A., 2007).

Green logistic had important role to tradeoff process, transportation and delivery. It was the world trend to 
concern about carbon dioxide emission from metabolic in transportation sector included the packaging damage 
environment and loss. Trend of green logistic was important to logistic management but in term of environment was 
affect global warming included environment because of there was many activities of logistic as a result it related to 
move, collect and distribute. There were transportation sector which used fossil fuels while production sector stared to 
use electric energy or other energy another part to development to solar cell and wind energy on the other hand 
transportation sector still depend gasoline also emission in to gas carbon dioxide (Asian Productivity Organization 
(APO), 2011).

Furthermore activities of moving and warehouse management in logistic sector also related to packaging 
patterns which was the paper box around 86-88% the paper from pulpwood was the important raw material from natural 
resource. Green logistic was enhanced the raw material which could be recycled to contain and tried to use green 
packaging therefore pallet wood or cradle product was important to conveying product not only in warehouse but also 
transportation. Most of those were produced by wood even though those wood were been from agricultural, those still 
damaged environment. The new concept of pallet made from plastic or paper become popular because it could be reused 
and recycled (Tanit Sorat, 2009).

Currently, in developed country such as United State, Europe and Japan began have a trade barrier about green 
logistic to choose supplier who had green logistic system. This trend saw from the rule of importing product of electronic 
such as electricity appliance, computer would start from specify importer had to destruction process or return salvage to 
exporter country, this logistic process called “Reverse Logistic” this would had more wide meaning moreover, many 
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countries stated to avoid using wood to close container or using pallet made from wood because they were not 
environment friendly not only they damaged natural resource and they might have contaminated insect in to wood 
affected that country such as Australia and some country in  Europe do not use those material however, both government 
and private sector in Thailand still not saw the important to green logistic management system enough saw from Thai 
transportation almost 88% was road transport used higher oil than tram transport of 3.5 times also higher water transport 
of 7 times. Proportion of transportation by train was 2% only. It was low affected the logistic cost higher than other 
competitor country that transportation sector used high quantity fuel than production sector in addition Thailand was 
disadvantage of foreign currency to import fuel affected to environment pollution (Tanit Sorat, 2009).

Furthermore green logistic of government sector has to rush to lunch regulation and improve infrastructure in 
order to increase efficiency of tramp transport and a part of private sector had to be conscious in preventing environment 
like good governance that used energy minimum affected environment for instance to change fuel to NGV. It had to be 
invested in changing some engine as a result it made budget increased but in long time it was to reduce cost and affected 
environment. Trend of green logistic was entrepreneur of logistic and exporter sector been important. In nearby future 
many countries have restriction of NTB (Non-Tariff Barrier). If it was not adjusted, it would affected their business in the 
future unable to avoid. The objectives of this study are: 1) to study the benefit of green logistic to organization and 2) to
study about applying green logistic to organization activity operation.

LITERATURE REVIEW

Green Logistic

J-P. Rodrigue et al. (2001) said green logistic that it was from 2 words one is “logistic” it was the key of new 
transportation system had to use modern technology to manage another “Greenness” is the word to say about 
environment and positive thinking word when were integrated two words become eco-friendly environment and 
efficiency of transportation and distribution system.

Logistic industry concerned about environment to find new opportunities. The previous logistic was forward 
distribution that was transportation, warehouse management, packaging and inventory management from producer to 
customer. Consideration of environment was to open new market for recycling and disposal through new part such as 
reserve logistic, it was related to waste transport and movement used material (Byrn and Deeb 1993 Reference in J-P
Rodrigue el al. 2001).

From study of J-P Rodrigue (2001) found that there was contrast of environment said transportation system total 
5 titles were 1) cost; logistic objectives were reduced cost, less time and increased reliability in management included 
flexibility, environment cost which was the external cost which was organization no need to pay as a result it become to 
pull pressure to government and organization interested in environment activities more 2) Time and speed had to use 
transport affected more pollution and efficiency of used less energy, increased air and road transport to be result from 
logistic condition 3) Reliability was the key of logistic in term of management competency to delivery on time and less 
waste, logistic provider had to choose to transport pattern to achieve objective above 4) warehouse was modern logistic 
system.

Warehousing; modern logistic system must increase inventory turnover by delivery product to customer fast that 
meant inventory was kept in to transportation system instead for on the road because it caused the congestion and air 
pollution 5. E-commerce; distribution was used by express company which was air and road transportation majority.

Tanit Sorat (2009) Green Logistic was related on below activities as follow:

1. Eco-Drive created awareness to truck driver to reduce fuel and maintenance engine completely and no 
exhaust emission to environment

2. Backhaul & Full Track Load was related to fuel management and got highest utility by reduced backhaul cost 
and full space trip but not overload of weight limited specified by law because the truck was been overload than the road 
compatible it meant it made environment damage too

3. Eco-Packaging was selecting packaging and equipment related transporting goods to reuse and recycle in new 
process 

4. Modal shift was adaptation transportation system to energy save mode related to government that must 
concern for transportation system development of tramp, river, and coastal
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Ruthir Banomyong (2006) said indicator of environment was the one of indicator to measure the successful in 
sustainable supply chain management and to study which factors was made organization changed to green logistic 
classified by two parts as follow:

1. Internal driven classified by two types 

1.1 Internal driven such as factor related to organization, in the part of policy particular to reduce cost and 
environment supplier control (Helen et al 2012) force driven from exclusive level that asked organization had to 
participate for sustainable management in order to support friendly environment operation those supports were supported 
by top and middle management level to start new system that officers must have participation and create culture.

External factor highest affected adaptation of toward green logistic such as customer factor and market then law 
factor, directive in both production and buyer country, competitive factor, and social factor respectively in term of 
supplying raw material management factor and total cost factor not affected adaptation. Internal of organization factor
affected the successful of adaptation both of policy and organization resource that impacted to more successful 
organization (Siritip Prapakornvimol, 2009).

Learning of organization through Resource-base theory was integration between resource and competency 
included experience under standards made organization to operate and adapt easily (Qinghua Zhu et al., 2007).

1.2 External driven were
- Directive and law specified by government were important role.
- Customer both organization and end user were interested in friendly environment goods.
- Competitor to create competitive advantage was clear force driven for organization to operate related to 

environment particular private sector (Helen et al, 2012).
- Social was composed government awareness and customer included non-government organization influence 

even thought it was important not much but the requirement from government too much, it might affect negative thinking 
of organization which not aware for environment truly.

- Raw material supplier this part was during participation but it was barrier when had conflict of confidential 
trade.

- Cost was the force driven and barrier. If the operation of environment affected reduction cost such as fuel cost, 
it was the force driven but production sector had high raw material cost too.

2. Barrier on above law included directive from government, cost and participated with supplier not good 
enough that was barrier of adaptation too. Some industry might not aware for environment not much because of unique
product like drug industry.

RESULTS ANALYSIS

Benefit of Green Logistic for Organization

Logistic management was process of increased transporting goods management efficiency from producer to 
customer and increased competency to both business and industry not only to reduce production cost, created value 
added, energy save but also kept environment too. The world state in currently concerned about environment problem 
such as air pollution from transportation, used energy in production process and used material packaging. For industries 
most of them were emphasized only reduction of logistic cost for increasing competitive competency had not aware for 
environment however, in fact to reduce logistic cost went to be reduced environment affective so there said “Green 
Logistic” to create organization image more. Environment problem particular in Climate Change issue from affected 
global warming and greenhouse effect (Poist Paul R. Murphy, Richard, 200, Asian Productivity Organization (APO), 
2001).

Beside, the cause of air pollution from carbon dioxide (CO2) was happened from fuel of truck transportation 
and other transportations such as distribution center could be reduced transportation amount of turn as a result cost of 
organization was reduced and more important was pollution reduce. Repackaging and re-used packaging in distribution 
center was another activity to increase efficiency to deliver product on vehicle. Effecting from transportation had no good 
system enough become high cost, time loss and pollution from carbon dioxide.
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Moreover, affecting environment from carbon dioxide (CO2) trend may have increased effected an 
environment. First was greenhouse effect this result had become global warming so logistic must be green logistic both 
the part of air pollution from transport, energy save and packaging raw material which were able recycled. Logistic 
management must concern related law of environment both nation and nations level in addition weight restriction could 
contain in container difference in each country further logistic management must concern for social accident and safety 
first of related person in logistic chain and the most important was morality and good corporate. International trade 
particular waste countries had concern reverse logistic or logistic return to shipper had be responsible for sending waste 
turned back to exporter country (Suwannee Adsawakulchai, (2009)).

Green Logistic Applied to Organization Activity

Green logistic had be been role in industries more applied to all logistic chain activities since downstream till 
upstream for keeping environment (Poist Paul R. Murphy, Richard, 2000, Asian Productivity Organization (APO), 2011).

2.1. Purchasing process; improving trade facilitation such as linking information technology during business to 
business (B2B business), selling system through e-commerce reduced documentation and going to receive documents too 
also reduce document quantity, they could keep environment more since cutting tress or producing paper process or 
recycle still used more energy. Logistic service international such as referring to global sourcing more was concerned 
producer to produce customer demand and must take technology helped such as RFID technology in order to accuracy 
data to deliver product to customer on time, fast and safe (Suwannee Adsawakulchai: (2009)).

2.2 Production process; business logistics improvement efficiency such as reduce energy. The sample in ceramic 
industry were reduced temperature furnace still be quality. The benefit of taking the temperature furnace was not 
environment emission, reduced waste from production, reused ground water as most as possible and waste treatment able 
to recycle etc (Poist Paul R. Murphy, Richard, 2000).

2.3 Warehouse management process such as recycled packaging, moving goods in to warehouse, tramp 
transporting goods, and should be had inside transmission plan not only to reduce folk lift but also to reduce double 
handling as a result to reduce energy and fuel energy. Distribution center development such as to change from previous 
time had five warehouses to one warehouse for distribution center to distribute for five warehouses it was not only 
reduced warehouse cost but also reduced transportation cost further reduced affected environment beside it might be used 
warehouse management to help for operation.

Additional consideration of transportation mode also consideration of transportation that calculate the efficiency 
of carbon dioxide emission would be considered efficiency of Load Capacity Utilization of all trucks, train or boat to 
quantity of using fuel and to weigh amount be able transporting goods (International Maritime Organization (IMO) 
2000).

Utilization of transportation route meant transportation plan and goods distribution such as set up HUB plan or 
DC was the plan of multimodal transport. If it was considered as logistics green transportation, it was considered 
transportation method that it was been minimum carbon dioxide emission like article 2 on above such as to select tramp 
transportation for remote distant and to select truck for near distance. Door to door transportation must be integrated 
transport plan since port at imported point till customized destination 5n (maKinnon, A., 2007).
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ABSTRACT 
 

The earthquake and tsunami disaster are the disasters having the lowest incidence rate, yet they have the highest 
damaging impact and cause the most victims. So far, Indonesia is one of the world’s most susceptible countries to the 
occurrence of earthquake and tsunami. Considering such condition, a good system is required in coping with such 
disasters, especially during emergency response. In coping with disasters, particular the emergency response, the fast, 
precise, effective, efficient, and integrated coordination and handling are required, so that the loss of life and property can 
be minimized. This research will model the emergency response plan after the occurrence of earthquake and tsunami by 
using a System Dynamics method aimed to know the priority actions to be taken during the emergency response, in order 
to predict the effectiveness of the implementation of emergency response in the view of the emergency response time. 
Also, it makes a recommendation on the plans of important points to set up the policies in coping with the earthquake and 
tsunami disasters. Model which developed in this research takes reference from the earthquake and tsunami disaster that 
occurred in 2009 in Padang. 
 
KEYWORDS 
Earthquake and Tsunami, Emergency Response, System Dynamics 

 
 

INTRODUCTION 
 
 Indonesia is one of the countries in the world representing the most disaster-prone areas as explained by BNPB 
(2008). During the period from 2004 to 2012, the frequency of catastrophic events begins to increase in comparison to 
previous years. The earthquake and tsunami disaster are the disasters having a lower incidence rate, instead the impact 
and the highest casualties. BNPB (2010) also represents that the historical records and scientific findings are more 
convincing potential recurrence of future natural disasters in almost all regions in Indonesia. The government is 
responsible for the delivery of disaster relief focus include post-disaster reconstruction and rehabilitation. Guaranteeing 
fair fulfillment of the rights of refugees and affected communities and in accordance with service standards should be 
immediately undertaken, in order to anticipate bigger number of victims. Priority efforts in disaster management 
measures are needed in a policy-making, either during the process of emergency response or during rehabilitation stage, 
so that the process of disaster handling can run in good and effective coordination, and the community can rebuild their 
social, cultural and economic life. These priorities need to be set up in order to be able to build a strong foundation in 
implementing sustainable disaster risk reduction and to accommodate national consensus and that of the affected areas in 
handling the disaster. 
 
 Priority of effective actions in coping with disaster, either during the process of emergency response or during the 
rehabilitation stage can be known when disaster has already occurred. However, when disaster has not yet taken place, 
the priority actions cannot be determined yet in certainty. Mauter (2004) conducted a study system dynamics without the 
use of a simulation model of motivation some elements of society on rehabilitation to reduce impact of the earthquake by 
interview method and also Ramezankhani (2006) modeled the event Bam Earthquake in Iran in 2003 as a dynamic 
system model to predict the effectiveness of broadcast coverage, team/food delivery percentage, burying special teams 
and equipment, medical rescue team percentage, and debris removal ability from team to victims who died. Moreover, 
Shigenobu (2009) used a Tsunami Hazard Map (THM) to support risk reduction and sustainable utilization, yet Deegan 
(2006) described the flood policy by developing codebooks causal maps that result from the implementation of the 
recommendations suggested in the disastrous 1993 Midwest Floods. Implementation of priority action plan in coping 
with disaster always undergoes the changes in line with elapse of time and characteristics of disaster. This makes the 
effectiveness of the well-organized plan to be unidentifiable when being put into the conceptual and mathematical forms. 
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The aim of this research is to know the emergency response time, in the presence of complex interaction and causal 
relation during the time of disaster and the change in the pattern of system in line with the change of time, so that the 
problems encountered in this research can be settled by using the System Dynamic approach. Complexity of the problem 
is also caused by too many amounts of variables. The System Dynamic (SD) can accommodate the interaction among 
variables in complex systems, and show the behavior of variables available in the system.  
 
 Event of earthquake which is able to cause a tsunami and chosen to be a model is the Padang earthquake occurring 
in September 2009, because Padang is one of the Indonesia's provincial capitals highly vulnerable to earthquake and 
tsunami disasters, so that it is sufficiently representative to be taken as a sample. Based on the exposure on the above 
background, it is necessary to make a research until the model of action plan in coping with the disaster during the 
emergency time can be obtained in order to predict the action priorities to be taken and their effectiveness from the view 
point of emergency response time. Emergency response time is the duration of time required to handle the bad impacts 
caused by disaster, covering the activities of rescue and evacuation of the victims, properties, fulfillment to basic needs, 
refugee protection and care, rescue and recovery of vital infrastructures. Emergency response time can be identified 
through interaction of variables in the system commencing from the change in scenario to be taken until the moment 
when system reaches a state of recovery. This scenario can be made based on hypothesis and expectation of events that 
might occur in the future. The scenario taken covers the change in information technology, resource allocation, and 
equipment for emergency response. 
 
 

RESEARCH METHODOLOGY 
 

Research methodology in designing simulation models of emergency response on behavior of the earthquake 
and tsunami disaster handling by using system dynamics methodology divided into four main stages. The first stage is 
the variable identification and conceptualization of the model using causal loops diagram that shows a causal 
relationship. The second stage is designing simulation model which is needed to carry out the simulations by 
formulating, running the simulation model and applying the scenarios. The third stage is the creation of verified and valid 
models using STELLA© (iSee Systems) simulation software. And the fourth stage is an analysis and interpretation of the 
model which is included the impact of policy scenarios application. The causal loops diagram of this research is able to 
be seen in Figure 1. Causal loops diagram is based on the variables identified. Muhammadi et al. (2001) stated in causal 
loop diagram, will also be shown the causality (causal relationship) between variables and establish causal loops 
diagram. From conceptualization of model through causal loops diagram earlier, it appears that the main purpose of 
modeling is to find the effectiveness of emergency response actions that can be performed during the implementation of 
the emergency response. 

 
FIGURE 1 

CAUSAL LOOPS DIAGRAM 
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SIMULATION MODEL DESIGN 
 
Variables Identification and Model Conceptualization 

 
In modeling a system with system dynamics approach, is necessary to an understanding of the elements related to 

identification and has contributed in the development of the system, especially the stakeholders. Identification of 
variables obtained based on the characteristics and behaviors that occur due to the influence of the earthquake and 
tsunami in a specified area. Variables are based on the results of brainstorming with reliable literature in the form of 
reports supported the earthquake in Padang, 2009 by a government agency (BNPB, BRR, BPS, TDMRC (2008), ATDR 
(2011)) as well as international organizations (UNDP and UNISDR). 
 
System Dynamics Simulation Model 

 
System dynamics simulation model which represented by stock and flow diagrams is designed based on causal 

loops diagram in Figure 1. The purpose of making stock and flow diagram is to describe the interaction between 
variables in accordance with the logic structures used in modeling software. The other purpose is for more detailed 
elaboration of the system that were previously shown by causal loop diagram because the diagram into account the 
effects of time on the relationship between the variables, so that each variable will be able to show results for the variable 
accumulation level, and which variable rate system activity each period of time is called the rate. Design of stock and 
flow diagrams also consider the purpose to the effectiveness of emergency response that can be seen with the time 
needed to carry out relief operations. Figure 2 is some pictures of the main model that determine the emergency response 
time. This response time can be seen from the time required to perform fulfillment of victims residence, the evacuation of 
the injured and the dead and the rest of the disaster cleanup has been done on emergency response operations. 

 
 

FIGURE 2 
(a) MODEL OF DISASTER VICTIMS SECTOR  

(b) MODEL OF RESIDENCE FULFILLMENT SECTOR  
(c) MODEL OF CLEANING UP SECTOR OF THE EARTHQUAKE AND TSUNAMI REMNANTS 

 

 
 
 
 
 
 
 
 
 
 
 

(a) 
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Model Verification and Validation 
 

Before running the simulation, the models need to be verified and validated. The summary of running model 
behavior is shown in Figure 3. Model verification is done to check the error on the model and make sure that the model 
works in accordance with the logic of the object of system. In addition, the verification also needs to be done by checking 
the formulations (equations), the model and by checking the variables unit of the model. Meanwhile, model validation 
aims to show that the model has to represent the real system. The model validation used is the model structures test 
proposed by Shreckengost (1985), the model parameter test, the limits adequacy test, the extreme conditions test, and the 
model behavior test using method proposed by Barlas (1996). The improvement scenarios are taken from the critical 
conditions that allow it to be controlled by the behavior of the earthquake and tsunami disaster handling and they must be 
able to give impacts for simulating the emergency response itself. The model is simulated for 1000 days and some 
models are simulated within 600 days and 2000 days to show in detail the behavior when the earthquake and tsunami, 
emergency response and clean-up the rest of the disaster. Figure 3 is the results of running the simulation model models 
existing conditions that determine response time with the help of software STELLA. 

 
 
 
 
 
 
 
 

(b) 

(c) 
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FIGURE 3 
INTERACTION SUMMARY OF RUNNING MODEL BEHAVIOR:  

(a) MODEL OF DISASTER VICTIM SECTOR 
(b) MODEL OF RESIDENCE FULFILLMENT SECTOR 

(c) MODEL OF DISASTER REMNANT SECTOR 
(d) MODEL OF ELECTRICITY AVAILABILITY SECTOR 

(e) MODEL OF CLEAN WATER AVAILABILITY SECTOR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

POLICY SCENARIO MODELS 
 
  Based on verified and valid simulation models, it has been designed seven scenarios for simulating the 
emergency response on behavior of the earthquake and tsunami disaster handling. The improvement scenarios are based 
on the conditions that allow it to be controlled by the systems itself. 
 

1.1 Scenario 1 : Acceleration of Evacuation Time of Injured and Died Victims  
 
  The scenario of accelerating the evacuation time of injured and dead victims is done by changing variables in a 
contingency plan to make the changes in the evacuation time and the discovery of the wounded and dead victims. The 
variable having the most and significant impacts to the acceleration of emergency response time is level of information 
technology. 
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1.2 Scenario 2 : Time Acceleration for Fulfillment Time of Temporary Shelter Needs  
 
  The most influential variables to the acceleration time of fulfillment time of the needs for temporary shelters are 
the amount of places already been prepared, consisting of tents, shelters, and temporary buildings prepared for the 
victims. The more number of temporary evacuation places are prepared, the faster the fulfillment time is for the needs of 
shelters, with the support from the availability of the logistic team. Besides, the level of technology also affects the 
fulfillment of shacks, so it will influence the total number of teams coming to the areas affected by disaster.  
 

1.3 Scenario 3 : Acceleration of Disaster Remnants Cleaning Time 
 
  Availability of heavy duty equipment is the most influential variable in cleaning up the remnants of the 
earthquake. The more numbers of heavy duty equipment are available, the faster the cleaning up of the disaster remnants 
is performed, because they have the ability to purge the large amount of earthquake remnants. So the amount of heavy 
duty equipment available will affect the earthquake remnant cleaning. 
 

1.4 Scenario 4 : Fulfillment of Electricity Needs and Number of Generators  
 

When the number of generators owned at the initial condition is at the sum of 50 sets, the affected areas will 
undergo electricity shortages, because the supply of electricity from generator sets is still unable to fulfill the expected 
needs. However, when the amount is increased to 80 generator sets, the requirement for electricity in affected areas can 
be fulfilled, and any activities requiring electric energy can run well. Thus, the addition of 30 units of generator sets is 
required. 
 

1.5 Scenario 5 : Fulfillment of Clean Water Needs and Number of Generators and Water Purifiers Car 
 
  When 2 units of water purifying plants and 3 units of water purifier cars are owned at the initial condition, the 
affected areas will experience clean water shortages, because the supply of clean water is still unable to meet the 
expected demand, but when 40 units of water purifying plants and 20 units of water purifier cars are available, the needs 
for clean water at the disaster area can still be fulfilled, so that people at the affected area do not undergo the clean water 
shortage. 
 

1.6 Scenario 6 : Allocation of The Most Optimal Emergency Response Team 
 
  At the initial condition scenario, namely allocating 40% for the rescue team, 30% for the cleaning team in 30%, 
20% for the equipment team and 10% for the burial team become the most optimum allocation for the team division.  
 

1.7 Scenario 7 : The Increasing in Contribution of All Emergency Response Division 
 
  Based on a simulation model of seventh policy scenario, it can be shown that the acceleration time of emergency 
response is very significant when all sectors of emergency response preparation are increased. It shows that all the sectors 
of emergency response have the acceleration on emergency response times, commencing from the sectors of information 
technology, emergency response teams and emergency response equipment. 
 
 

ANALYSIS AND CONCLUSION 
 
 Based on the simulation results and analysis, it can be concluded that simulation models were developed to 
describe the behavior of emergency response areas affected by the earthquake with tsunami scenario. The model was 
developed based on secondary data with system dynamics modeling. The aim of this research is to predict the emergency 
response time in coping with the earthquake and tsunami disasters. Based on a conceptual model of causal loops diagram, 
it is noted that the variable of earthquake and tsunami contingency planning providing the most significant effect on the 
acceleration of the evacuation time of dead and injured victims is owned information technology level. The variables 
having the most significant influence to the acceleration time in fulfilling the need for shelters is the amount of temporary 
evacuation places prepared. The variables having the most influential variables to acceleration time in cleaning up the 
remnants of tsunami is the allocation of proper percentage of the cleaning teams and the availability of the heavy duty 
equipment. The variables having the most influential variables to the availability of clean water and electricity is the 
availability of water purifier installation facility, water purifier car, and generator sets. In conclusion, there is a very 
significant acceleration in emergency response time when all preparations in all sectors of emergency response are 
increased. 
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DECISION SUPPORT SYSTEM INTERFACE 
 
  Decision Support System interface of the model created in order to facilitate the recovery scenario. Interface 
models are generally divided into two scenarios, such as scenarios model on emergency response recovery and total 
recovery. The DSS interface of emergency response on behavior of the earthquake and tsunami disaster is shown in 
Figure 4. 

 
FIGURE 4 

DSS INTERFACE OF EMERGENCY RESPONSE 
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ABSTRACT

Our world is filled with uncertainty since we can’t describe objects and actions precisely. Also, when 
probabilities of the outcomes are not known, or may not even be relevant and outcomes for each action are characterized 
only approximately, we say those decisions are made under uncertainty. This is the prime domain for fuzzy decision-
making (DM). Classical DM deals with a set of alternative states of outcome, a set of alternative actions that are available 
to the decision maker, a relation indicating outcome to be expected from each alternative action, and a utility or objective 
function, which orders the outcomes according to their desirability. Applications of fuzzy sets within the field of DM 
have, for the most part, consisted of fuzzifications of the classical theories of decision-making by applying the extension 
principle. Fuzzy decision theories attempt to deal with the vagueness inherent in human formulation of preferences, 
constraints, and goals [2]. In many fuzzy decision problems, the final scores of alternatives are represented in terms of 
fuzzy numbers. In order to express a crisp preference of alternatives, we need a method for constructing a crisp total 
ordering from fuzzy numbers. However, the issue of choosing a proper ordering method is still a subject of research. 
Professor George Klir describe in his book [7] three methods: Hamming Distance Method, -Cut Method, and Extension 
Principle Method. The Fuzzy Logic Package for Mathematica [9] supports all these methods and could be useful for 
evaluation logistic and supply chain management. In this paper, we overview the applicability of fuzzy set theory to the 
main class of decision making problems and give example on management.

KEYWORDS
Fuzzy Decision-Making, Uncertainty

INTRODUCTION TO FUZZY RANKING METHODS

In fuzzy multiple attribute decision-making, the final scores of alternatives are represented by fuzzy numbers 
[10]. In order to make a crisp choice among the alternatives, we need a method for comparing fuzzy numbers. However, 
the lattice of fuzzy numbers,        { , MIN, MAX}, is not linearly ordered. Thus, some fuzzy numbers are not directly 
comparable.

Consider, for example, the fuzzy numbers A and B in Figure 1.

Some people feel that B is larger than A because the center of B is larger than the center of A, while other 
people do not agree because B spreads widely over the small numbers while A is concentrated on small range of 
numbers. Clearly, the problem itself is ill posed, and no fuzzy ranking method is perfect. In the literature we have more 
then 20 fuzzy ranking methods [2,3,4,5,6, 8,11].
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FIGURE 1
FUZZY NUMBERS A AND B

In the context of each application, some methods seem more appropriate than others and the issue of choosing a 
proper ordering method is still a subject of research. Professor George Klir describe in his book [7] three methods:
- Hamming Distance Method,
- -Cut Method,
- Extension Principle Method. 

The Fuzzy Logic Package for Mathematica supports all these methods [9]. 

HAMMING DISTANCE METHOD

The first method is based upon defining the Hamming distance on the set of all fuzzy numbers [7]. 
To introduce a meaningful ordering of fuzzy numbers, we define a fuzzy numbers and extend the lattice for the set of real 
numbers R, {R, min, max} to corresponding operations on set of fuzzy numbers , { , MIN, MAX}.
Fuzzy sets that are defined on the set R of real numbers have a quantitative meaning and may be viewed as fuzzy 
numbers under following conditions:

- a fuzzy set must be a normal;
- an -cut must be a closed interval for every -cut in range [0,1];
- the support of a fuzzy set must be bounded.

For any fuzzy number A and B, we have new operations:

MIN (A, B)(z) = max   min [A (x), B (y)], for z= min (x, y)
MAX (A, B)(z)= max   min [A (x), B (y)], for z= max (x, y)1

For any given discrete fuzzy numbers A and B, the Hamming distance d (A, B) for fuzzy sets is defined as a 
scalar cardinality of the difference of two fuzzy sets A and B and is express by the formula    

d (A, B)  = |(A(x) - B(x)| for all elements x of universal space X.  

The basic idea is to find a fuzzy number C that A C and B C according to the -cuts based method. Then, if 
Hamming distance between C and A is larger than Hamming distance between C and B, we conclude that A B. 
However, the choice of C is not unique. Here we choose the C to be the number MAX (A, B).                                
For any given fuzzy numbers A and B, which we want to compare, first we determine their least upper bound MAX (A, 
B), in the lattice. 

Then, we calculate the Hamming distances d (MAX (A, B), A) and d (MAX (A, B), B) and define

A B if d (MAX (A, B), A) d (MAX (A, B), B).   
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If fuzzy numbers A and B are directly comparable,  then MAX (A, B) = B hence A  B. 

The ordering defined by the Hamming distance is compatible with the ordering of comparable fuzzy numbers in 
.

We can also define a similar ordering of fuzzy numbers A and B via the greatest lower bound MIN (A, B).

-CUT METHOD

One of the most important concepts of fuzzy sets theory is the concept of an 
-cuts . Given a set A defined on X and any number [0,1], the -cut A are the crisp sets 

A = { x | A (x) }.

The concept of -cuts plays a principal role in the relationship between fuzzy sets and crisp sets. They can be 
viewed as a bridge by which fuzzy sets and crisp sets are connected. Each fuzzy set can be uniquely presented by the 
family of all its -cuts. This representation allows extending various properties of crisp set and operations on crisp sets to 
their fuzzy counterparts.

An important property of -cuts is that the total ordering of values of in [0,1] is inversely preserved by set 
inclusion of the corresponding -cuts.

A representation of fuzzy sets in terms of their -cuts was introduced by Professor Lotfi Zadeh in 1971 in the 
form of the first decomposition theorem.

The second method is based on -cuts. In fact, a number of variations of this method have been suggested in the 
literature [7]. First, let examine under what conditions can we confidently rank fuzzy numbers. 

If the boundaries of the a-cuts A = [a1, a2] and B = [b1, b2] satisfy a1 <  b1 and a2 b2for in [0,1], then we can 
reasonably say that A is smaller than B. Its disadvantage is that it applies only to obvious situations.
A next variation of this method proceeds as follows: given fuzzy numbers A and B to be compared, we select a particular 
value of [0,1] and determine the -cuts A  = [a1, a2] and B = [b1, b2]. Then, we define A B   if   a2 b2.   
This definition is dependent on the chosen value of and it usually requires > 0.5.

EXTENSION PRINCIPLE METHOD

Extension principle is a basic concept of fuzzy set theory that provides a general procedure for extending crisp 
domains of mathematical expressions to fuzzy domain and was introduced by Professor Lotfi Zadeh in 1975.  

If f(.) is a function from X to Y defined as A = {{x1,A(x1)}, {x2,A(x2)},…,{A(xn),A(xn)} then
B =f (A) = {{y1 A(x1)},{y2, A(x2},…,{yn, A(xn)}}, where yi = f (xi), i = 1, 2,…, n.
If f (.) is many-to-one mapping, then there exist  x1, x2 X, x1 x2, such that f(x1) =f(x2) = y*, 
y* Y. In this case, the membership grade of B at y = y* is the maximum of the membership grades of A at x = x1 and x 
= x2, since f(x) = y* may result from either x = x1 or x = x2.
Formally, my have B(y) = max A(x) for x = f -1(y).  

The third method is based on the extension principle. This method can be employed for ordering several fuzzy 
numbers, say A1, A2, …An. The basic idea is to construct a fuzzy set P on {A1, A2, …An}, called a priority set, such that 
P (Ai) is the degree to which A1 is ranked as the greatest fuzzy number.  Using the extension principle, P is defined for 
each i Nn by the formula  
P (A1) = sup min Ak (rk) where the supremum  is taken over all  vectors (r1,r2,…, rk) Rn such that  ri rj for all  j Nn



376 Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

Example: Fuzzy Ranking

We illustrate and compare the three fuzzy ranking methods using the Fuzzy Logic Package for Mathematica.
Let A and B be fuzzy numbers whose triangular-type membership functions are given in left figure. Then MAX (A, B) is 
the fuzzy number whose membership function is in right figure.

FuzzyPlot[A, B, PlotJoined -> True]
FuzzyPlot[MAX[A, B], PlotJoined -> True]

FIGURE 2
FUZZY NUMBERS A AND B, AND MAX[A,B]

                         
                 

{HammingDistance[MAX[A, B], A], HammingDistance[MAX[A, B], B]}

{4/3, 1/3}

Since HammingDistance[MAX[A, B], A] > HammingDistance[MAX[A, B], B],
we may conclude that, according to the first ranking method, A B. 

When applying the second method to the same example, we can easily find, that A  B  for any [0, 1].

{AlphaLevelSet[A, .6], AlphaLevelSet[B, .6]}

{{2}, {2, 3}}

According to the method 3, we construct the priority fuzzy set P on  {A, B} as follows: 

P(A) =  sup min[A(r1), B(r2)] = 0.75      for r1 r2

P(B) =  sup min[A(r1), B(r2)] = 1           for r2 r1
      
Since P(A) P(B), we get A B.

CONCLUSION

The problem of ordering of fuzzy sets defined on R has been discussed in the literature quite extensively. The 
following are some references on this subject. However the classical paper by Professors Bellman and Zadeh [1] is a 
good source of ideas relating fuzzy decision-making and is worth careful reading. Fuzzy logic is a rapidly expanding 
field in today’s computer industry with new and exciting applications being developed all the time.  Yet, even as the field 
has grown, some areas that need attention still remain.  One of these areas is supporting software to help perform the 
basic, yet often tedious, calculations involved. The Fuzzy Logic Package applied above was written as an extension to the 
program Mathematica®.  Mathematica® by itself is a valuable tool that can be used for numerical calculations, graphical 
representation of functions, symbolic calculations, and programming.  The new package is a set of functions that can be 
easily read in and used in conjunction with Mathematica® others capabilities. The ease with which digital fuzzy sets and 
relations can be entered and manipulated makes this package an invaluable tool for anyone interested in studying or 
applying the techniques of fuzzy logic in decision-making, digital image processing, clustering or more advanced fuzzy 
modeling.
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ABSTRACT

Vehicle Routing Problem with Time Windows (VRPTW) is widely studied in many researches. The problem 
itself is known as NP-hard. In this study VRPTW for perishable products is considered. In practice, products without 
well-controlled temperature can maintain acceptable quality within some period of time after that perishable process will 
occur. Perishable rates of products are assumed to be a linear function occurring right after imperishable period ended.  
Mathematical model is also formulated to represent the problem. Subsequently, Ant Colony Optimization (ACO) is 
applied as a meta-heuristic technique to solve the problem. Suitable parameters for ACO are derived from a full factorial 
design. The experimental results show that total travelling distance is not primarily sensitive to perishable rate meaning 
that the higher perishable rate causes total travelling distance rather similar to those from the lower perishable rate. 
However the major difference of the rates is the higher rate trends to have more number of vehicles used, and higher 
fixed cost of vehicle deployment.

KEYWORDS
Meta Heuristics, Ant Colony Optimization, Vehicle Routing Problem, Perishable Products

INTRODUCTION

 Vehicle Routing Problem (VRP), a combinatorial optimization problem, first proposed by Dantzig and Ramser 
(1959) involves planning of the optimal set of routes for fleets of vehicles to serve a set of customers. Danide Vigo and 
Paolo Toth (2002) classified the problem to three VRP types including: 1) basics VRP, 2) three VRP variants, time 
window, backhauls, and pickup and delivery, and 3) issues arising in real-world VRP. Nakorn Indra-Payoong (2005) 
divided the characterization of VRP by dividing into 8 feature include fleet, vehicle type, warehouse, transport demand, 
demand location, vehicle capacity, maximum route time and time window. Nuijten W. (1997) studied VRP by 
constraining programming solution. It took more laborious work to arrive at the optimal solution than the Meta Heuristic 
approach. Goel and Grunn (2006) dealt with VRP by mean of applying neighborhood structure heuristics.

Cordeau, J. F., M. Gendreau, et al. (2002) studied classical and modern Heuristics for VRP by concentrating in 
four factors including accuracy, speed, simplicity and flexibility. For multiple traveling salesman problem, Sze and Tiong 
(2007) found that Meta Heuristic method provides a better performance than the common Heuristic method, mainly 
because more exploration. Changchien and Wu (2001) applied Ant Colony System (ACS) to Vehicle Routing Problem 
with Time Window (VRPTW) and compared effectiveness of the results with Genetic Algorithm (GA) and Simulated 
Annealing (SA). Their research found that the best solution was obtained from ACS. Hsu, C.-I., S.-F. Hung, et al. (2007) 
studied VRPTW, and considered effect of perishable product for transportation cost in term of inventory cost and energy 
cost. Upon reviewing previous work, it can be summarized that the calculation of VRPTW and perishable products had 
been performed using four cost components, which are fixed cost according to vehicle type, transportation cost, delay 
cost from transportation, and perishable rate from standard transportation. As a result, this work focuses on various types 
of transportation with the ultimate goal to improve routing management under time windows constraint by considering 
the product perishable rate as a linear function. VRPTW and Perishable products management is considered NP-Hard 
problem, typically required the application of meta-heuristic techniques, rather than exact algorithms. The approach used 
in the study is the Ant Colony Optimization (ACO). A mathematical model was first developed, and the ACO was then 
utilized to solve the problem through computer programming.
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MODEL FORMULATION

 The objective of this mathematical model to determine a set of vehicle routes at the minimum total cost by 
considering of perishable rate as a penalty cost. This model is under main assumptions; 1) each customer is served by one 
vehicle for exactly once 2) a set of homogeneous vehicles is used 3) each vehicle route starts from the depot, and ends at 
the depot 4) the total demand of the customers assigned to a vehicle route cannot exceed the vehicle’s capacity 5) Hard 
time windows are considered, meaning that there is no shipment outside acceptable period of the customer 6) lastly 
service time is negligible. Perishable rate of vegetables and fruits has many factors, and one of the most important factors 
is the respiratory rate (Kader, 1985).  This rate is directly proportional with perishable rate.  Therefore, this study 
classifies perishable products to three categories according to the respiration of plants. 

In this model, a connected graph denotes the network in which is the set 
of nodes and A is a set of arcs. It is noted that each arc, and node 0 is the depot. Time for open and close depot is ,
where is time to open depot, and is time to close depot. Customer time windows are defined as ]. The base 
location of the vehicle is depot, and each vehicle is assumed to have capacity, Q. Mathematical modeling is 
explained as Eq. (1)-(19).  Objective is minimize total cost consisting of three types, fixed cost of deploying vehicle, 
transportation cost, and perishable cost as shown in Eq. (1).  A set of constraints applied to this modeling is listed as 
described in Table 1. Besides, perishable process will occur only when the product stay in the vehicle longer than 
imperishable period and the perishable loss is a linear function.

Notations

Indices

Decision Variables

Parameters
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MATHEMATICAL MODEL

Objective Function

(1)
Set of Constraints

      (2)

                                                        (3)

(4)

(5)

      (6)

                                                 (7)

(8)                                          

 (9)
(10)
(11)

(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
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TABLE 1
DESCRIPTION OF EQUATIONS IN MATHEMATICAL MODEL

Equation number Description of constraint

(1) Three cost components are considered 1) fixed cost of vehicles 2) Travelling 
cost 3) perishable cost.

(2) If vehicle k is used, its fixed cost will be included.
(3)-(4) Each vehicle route originates from the depot and ends at depot.

(5) Sub-tour elimination constraint

(6)-(7) Flow for each vehicle at each customer by restricting that each customer is 
served for exactly once.

(8) Sum of customer demand for one route cannot exceed the capacity of vehicle.
(9)-(10) Starting time of vehicle k is determined by these constraints

(11) This constraint represents the hard time windows. Arrival time of any vehicle 
cannot exceed the latest time of customer i.

(12) Relationship between the leaving time of the current customer and the arrival 
time of the next customer.

(13) - (15)
If a vehicle arrives too early, it need to wait for the earliest ready time of the 

customer i indicated by the value of 
(16) Every vehicle needs to come back to the depot before closing

(17)-(19) Variable type constraints is expressed

ANT COLONY OPTIMIZATION (ACO)

Ant colony algorithm was inspired by the behavior of ants in a colony of cooperative foragers. Typically, the 
foragers of an ant colony select the shortest route to travel between the nest and food sources. Along the paths that they 
travel, pheromone, a chemical substance, is deposited. Other ants follow the scent of the pheromone if they are satisfied 
to take the same route. This is the key to model an ACO algorithm (Marco Dorigo, 2004).

Using ACO, each ant must find a vehicle route to arrive at each customer site. To visit the next customer, the ant 
follows the state transition rule that it has two options, exploration and exploitation, as explained in Eq. (20)-(21).

20)

(21)

where is equal to the amount of pheromone on the path between the current location i and possible locations l .The il
value defines heuristic value between the two customer locations.  If the parameter identifies the importance of 
heuristic, and describes the importance of pheromone. The value q is a random uniform variable specified as [0,1]. For 
each decision making, the ant will select the arc with the greatest value from Eq. (20) unless q is greater than q0. In this 
study, the ant will also choose a random variable (J) to be the next customer to visit based on the probability distribution 
of pij (Eq. (21)).  This will turn out a number of short paths with high levels of pheromone. Using Eq. (20) and (21), each 
ant may either follow the most favorable path already established, or may randomly select a path to follow based on a 
probability distribution established by heuristic value and pheromone accumulation. If the vehicle capacity constraint is 
met, the ant will return to the depot before selecting the next customer. This selection process continues until each 
customer is visited and the tour is complete.( S. Wesley Changchien, C.-S. W., 2001)

Trail updating includes local updating of trails after individual solutions have been generated and global 
updating of the best solution route after a predetermined number of solutions m has been accomplished. First, local 
updating is conducted by reducing the amount of pheromone on all visited arcs in order to simulate the natural 
evaporation of pheromone and to ensure that no single path becomes too dominant. This is evaluated with the local trail 
updating equation (Eq.22).
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(22)
where is a parameter controlling speed of evaporation. The is an initial pheromone value assigned to all arcs in 
graph G. In this study, , is equal to the inverse of the best known route distances found for the particular problem. 
After a predetermined number of ants m constructs a feasible route, global trail updating is performed by adding 
pheromone to all of the arcs included in the best route found by one of m ants. Global trail updating is achieved 
according to the following relationship as shown in Eq. (23).

(23)
where is a parameter that controls the speed of pheromone evaporation. is the inverse of the best known route 
distances found in the best solution.

FIGURE 1
PROCESS FLOW FOR ACO

EXPERIMENTATION

Generation of ACO Solutions for each problem and its variation was done using C# coding on an Intel i5-
2540M 2.5GHz processor . ACO used in this study is initially applied to the benchmark Solomon problems in order to 
determine the suitable parameter settings. Four parameters have to be configured including, , , and q0 to maintain the 
quality of the answer. Reasonable values of parameters explored in the experiment can be defined by two levels (Low 
and High) . A set of suitable parameters, = 1, = 5, = 0.1 and q0 = 0.1 are derived from the experiments. The result 
comparisons are shown in table 2. 
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TABLE 2
THE COMPARISON OF RESULTS

Benchmark Problem

Solutions Published Best % The 
difference 

NV TD NV TD

R101.25 11 728.0 8 617.1 17.97%

R102.25
R103.25

8
5

595.8
478.4

7
5

547.1
454.6

8.90%
5.23%

Although the performance of ACO in this study is lower than those from the published best, the proposed 
problem is still different that the ordinary VRPTW. Perishable product consideration is incorporated and solve by 
modified ACO. Perishability of products was measured in term of respiratory rate (Kader, 1985)  in which products can 
be classified into 3 categories; High, Moderate, and Low perishable rate. 

Perishable consideration can be incorporated in to the heuristics value ( ) as expressed in Eq. 24. The value of 
from Eq.25 is used to calculate Global trail update pheromone.

(24)

(25)

COMPUTATIONAL RESULTS

There is no benchmark problem available for this particular problem. Solomon's problems are modified by 
adding perishable consideration to the original ones. Three scenarios are considered. The first one is the scenario in 
which the lowest average imperishable period meaning that products can maintain their acceptable quality without 
perishable loss within the shortest time. Longer imperishable periods of the products are experimented in the second 
scenario, and the longest ones are in the last scenario respectively. Experimental results are summarized in Table 3.

TABLE 3
EXPERIMENTAL RESULTS FROM DIFFERENT SCENARIOS

Scenario
Imperishable Period (

Total 
distance 

Number 
of 

vehicles 
used

Low 
Perishable

Moderate 
Perishable

High 
Perishable

1 40 60 80 764 12
2 60 90 120 754 11
3 100 150 200 751 11

Perishable Loss per Time unit 
per number of products 10 20 30

From table 3, among different scenarios, the travelling distances are relatively similar. Reducing the 
imperishable periods causing the product easier to decay results in increasing total travelling distance of all vehicle in 
some degree, and also a number of vehicles used. However it can be noticed that instead of allowing perishable loss, 
algorithm trend to deploy more vehicles. In all scenarios experimented, there is no perishable loss during the delivery. It 
may be due to too high cost of perishable loss. 
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CONCLUSION AND FUTURE WORK

This research expresses how ACO technique works with the VRPTW and Perishable products. The results show 
that the ordinary ACO works relatively reasonable to the problem. However, there are still significant challenges, not 
only in developing or modifying algorithm, but also integrating some realistic components in order to make the problem 
more practical.
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ABSTRACT

The role of lean and agile principles in production and supply is considered in relation to particularities of the 
construction industry. A case study on Norwegian maritime industry provides basis for proposing a model where 
particularities regarding order penetration and inventory location coupled with supply timing indicate that lean and agile 
principles should merge in order to provide guidelines for efficiently attaining customer value in the construction 
industry. 

KEYWORDS
Lean, Agile, Production, Supply

INTRODUCTION

Offshore support vessel construction (OSV) in Norway is increasingly carried out in accordance with lean 
principles of process development. Lean production is rooted in the manufacturing industry and involves process 
development based on incremental waste reducing procedures taking place in specifically developed “lean” industrial-
culture contexts (Dennis 2007). On the other hand, agile supply chains involve highlighting responsiveness to customer 
demands through operations (Christopher and Towill 2000, Christopher 2011). In the literature these supply approaches, 
“lean” and “agile”, seem like opposites. This perception is in this paper encountered with theory and empirical findings 
from the construction industry. In general, construction-related industries involve a particular form of supply chain 
configuration (Koskela and Vrijhoef 2001). The construction industry is project-based and in shipbuilding the ship yard 
represents a hub location where various supply chains meet and are coordinated in relation to ongoing ship construction.
In an industrial network different planning types can be applied to direct value generating flows of products; make and 
send to stock (STS), make to stock (MTS), assembly to order (ATO) and making to order (MTO). These forms of 
production planning involve variations regarding order penetration points impacting on inventory (Hoekstra and Romme 
1985). This indicates variations in supply chain structure regarding configurations of the materials flow, the information 
flow and interaction between these flows. Handling inventory may also be considered in accordance with principles of 
“speculation” and “postponement” indicating further modes of analysis regarding timing supply operations (Alderson 
1950, Bucklin 1965, Pagh and Cooper 1998). 

The chief objective of supply is understood as securing customer value (Ulaga and Eggert 2006). This is 
understood here as customer perceptions ultimately measured from an end-user perspective (Alderson 1965). Customer 
value is a metric concerning perceived benefit in relation to total costs of ownership (Christopher 2011). Customer value 
may also be measured from the perspective of intermediaries and within competing chains of suppliers indicating 
multiple “customer value” metrics in a value network setting. Based on a case study of shipyards and component supply 
management configurations of inventory holding is analyzed in relation to 1) order penetration points, 2) timing supplies, 
3) lean process development, 4) agile supply chains, and 5) customer value; evoking particularities of construction 
industry product supply. 

THE SHIPBUILDING SUPPLY CASE

Data for this case was collected during the winter of 2010-2011 and involved in-depth semi-structured 
interviews of managers of different shipyards and suppliers to these yards located in the North-Western Coastal area of 
Norway. This is an area that is regarded as having an maritime industrial cluster. Interviews provided therefore a set of 
complementary perspectives of supplies to this particular industry in this geographical region. 
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Norwegian ship yards are relatively small. There is a clear development within Norwegian ship yards that hulls 
are manufactured at a foreign ship yard and then towed to Norway where component installment takes place. Within 
STX OSV, one of the two large shipyards in Costanca in Romania employs a workforce of approximately 3000 persons 
while the Søviknes ship yard (one of five ship yards in the STX OSV system – formerly Aker Yards) outside Ålesund 
employs 165 people. At the Constanca shipyards, they have achieved economies of scale through serial manufacturing of 
ship hulls. While the large shipyards increasingly employ in this respect a manufacturing configuration inn their 
production, smaller Norwegian shipyards are still managed as project-based workflows. 

Each ship product is managed as a unique event with a designated starting time and time of completion. Ship 
production involves location specific production where different flows of components, materials and services are timed 
and coordinated in relation to the stage of construction.  Supplies come from numerous different sources that are 
technologically heterogeneous. Ship yards receive ship designs from external or internal ship designers. These involve 
premeditated specifications of core components such as engines, large hydraulic winches, thrusters, rudders, and 
communications/electrical systems installation. More detailed ship design, including work specifications, are handled by 
the ship yard engineers. The ship yard involves accordingly competence in three main sectors: 1) contracting, 2) detailed 
ship design, and 3) ship construction. Ship construction requires skilled labor that includes piping and metal workers. 
Some ship yards, such as STX OSV have in-house design competence.

The Romanian part of STX OSV is developing competence in technical design. Gradually the degree of 
completion of the hulls in Costanca to be supplied to the five Norwegian STX OSV shipyards in Norway is increasing. 
At present installations in Costanca includes larger pipes, engines, rudders and thrusters. Within the STX OSV system 
the Norwegian ship yards are aware of this challenge. Firstly, moving hull production to Romania has meant that they are 
quickly losing competence in sheet metal construction as core personnel gradually depart the company for different 
reasons. Secondly, to develop competiveness the STX OSV ship yard has executed development of lean construction 
processes. This involves applying the last planner system (Ballard 1994) developed within the building construction 
industry inspired by lean manufacturing. The ship yard of the Ulstein Group has carried out a similar process. STX OSV 
at Søviknes has through this lean continuous learning process seen a substantial drop in labour absenteeism. While most 
Norwegian ship yards follow the STX model of producing the hull in a low-cost location, the Kleven Maritim shipyards 
(having 2 locations in Western Norway) have chosen to build OSV ships in usually 5 modules, of which three are the 
hull. 

All these modules, except for the most complex bow section which contains the engine, are produced in Poland. 
It takes less than a week to assemble the hull modules on the Kleven slip at Ulsteinvik. The other modules are produced 
at small polish construction firms that rely in Kleven as their sole customer. These are long term business relationships. 
Kleven states that producing one of these modules in Norway generates equal costs as potential outsourcing this part of 
operations due to a automated welding processes at their Rovde factory which supplies this module. Furthermore, 
producing one module provides Kleven with competence in steel sheet construction, important in purchasing the
complementary modules from Polish suppliers. Furthermore, while STX Søviknes expresses a lead time of about 15 
months including in-house design, Kleven has a lead time based on an externally provided ship design to delivery of 10 
to 13 months. The Norwegian OSV ship yards are increasingly becoming facilities for predominately assembling and 
fitting components. They finalize the ship construction process. An advantage of the Norwegian ship yards in this respect 
is that they are located closer to ship owner customers and many high technology components suppliers. They also have 
many parts and components suppliers located in the region. 

The size and types of ship materials and component suppliers vary. The flow of goods from these suppliers goes 
directly to the ship yard. At Ulstein Power and Propulsion most of the orders were ATO, about 20% MTO and never 
MTS. The use of lean manufacturing and construction principles are increasingly influential and applied in process 
development at all the studied component supply facilities. To develop efficiencies component suppliers attempt to 
increase the use of standardized manufacturing processes and limit the use of production that may be termed as 
“handicrafts". Sourcing at components suppliers varies. There is a tendency to offshore or outsource parts of components 
or complete components to foreign factories, essentially in China. Components manufacturing involves most often in 
Western Norway parts and subcomponent assembly. This is the case in the production of large winches and related 
products at Rolls Royce’s facility at Hjørungavåg (previously Odim). Components suppliers are furthermore organized in 
different manners. The largest operation in the Møre maritime network is Rolls Royce. They prefer to sell supply 
packages involving integrated sets of different components. Rolls Royce advocates that such solutions create more 
seamless component on the ship including less wiring and adaptations between different components. On the other hand, 
using supplies from smaller suppliers means that a lower price for each component may be achieved. Some components 
are standardized, such as toilets from Jets, furniture and to some degree information systems and communications 
systems. There are also a number of smaller parts suppliers supplying predominately STS or MTS products. Components 
suppliers, as ship design, are also often integrated with ship yards. This provides a specific type of business relationships.
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Ulstein Power and Propulsion sell approximately 90% of its equipment to ships designed by Ulstein Design. Ship yards 
normally prefer to use components, if available, produced within the same corporation. 

ANALYSIS

Analysis is divided into 5 parts in accordance with the preceding analytical framework. 

Order penetration points: Variations in order penetration points are evoked though the case; a supply configuration 
solution that involves increasing cost, criticality and technologically advancement supplied components are adapted 
while simpler and less expensive parts are MTS. In the case of parts imports this involves predominately a STS 
configuration. This indicates that the more challenging the purchase the further upstream the order penetration point is 
located. Particularities of the construction industry involve here a relatively large amount of supplies that are to varying 
degrees tailored for the specific construction process. 

Timing: Ship construction involves both unique product and a prolonged lead-time compared with manufacturing 
supplies. This provides ample room for applying postponement in form and location features of the product involved in 
ATO and MTO configurations. Even suppliers of MTS/STS supplies reported that in the case of construction supplies 
could be postponed limiting these suppliers need to hold inventory. In relation to timing supplies postponement may 
therefore be regarded as the normal principle of product supply timing. 

Lean: Lean manufacturing principles are naturally present in component supplying firms since these are manufacturing 
firms. In shipbuilding lean construction principles have been applied, principles adapted from manufacturing settings to 
the construction industry. In lean construction adaptation involves predominately adapting lean manufacturing principles 
of cyclic operations to the project-based operations of construction. In this planning postponement is applied in 
accordance with the last planner model (Ballard (1994). In construction information postponement in internal processes 
becomes accordingly an integrated particularity of production in this industry. There is, however, no substantial evidence 
of coupling lean process development to integrate supplies in an efficient manner between suppliers and the shipyard 
customers involving “lean networking”. 

Agile: There are no signs of formal supply development in this case towards agile supply. The case reveals how 
responsiveness is a natural element in all product supplies. The use of predominately postponement principles in supply 
indicate a form of agility that may be used to further develop flexible resources for facilitating economical supply to ship 
yards. This indicates that lean construction in a natural manner involves agility. Principles of lean and agile seem 
complementary in construction, since construction inherently involves use of flexible resources. What is lacking is 
coordinated effort in developing this resource flexibility in relation to customer value. 

Customer value: This industrial sector is technology-driven. Management focus is on providing product quality meaning 
supply in accordance with contract. In the construction industry “customer value” is not formally evoked as a supply 
objective. Through strategic efforts focusing on customer value, understanding the customer perspective should be 
highlighted increasing supplier understanding of customer needs. In addition, since the relationship between suppliers 
and ship yard customers in most cases may be described as intensive involving reciprocal dependencies (Thompson 
1967), there numerous contact points and interactions providing grounds for suppliers in gaining information of what 
constitutes customer value in relation to each shipbuilding project. 

CONCLUSION

The case evokes how shipbuilding is a form of construction that involves coordinating various incoming value 
chains at a construction site. Timing is an important feature of this coordination since different supplies need to be fit in
relation to preceding and following supplies for each relatively product (ship). Based on operational assessment of order 
penetration point and order timing involving that principles of lean and agility are recommended integrated in 
construction value networks in order to provide customer value. The following model is provided based on the 
shipbuilding supply case:
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FIGURE 1
THE CONSTRUCTION INDUSTRY VALUE NETWORK

This slightly normative model indicates how timing and location are used to evoke particularities of construction 
value networks as well as metrics used to indicate structural variation in reaching supply objectives. The model does not 
explicitly cover the prime indicated challenge of developing value networks through integrated efforts of the collective of 
construction value network actors including acquiring an aggregated network-level conception of “customer value”. This 
represents important topics of future research. While this study applies firms as the unit of analysis, future research 
should apply business relationships, value chains and possibly entire value networks as the unit of analysis.

REFERENCES

Alderson,W, (1965), “Dynamic Marketing Behavior. A Functionalist Theory of Marketing,” Richard D. Irwin, 
Homewood IL.

Ballard, G. (1994), “The Last Planner,” Northern California Construction Institute, available through The Lean 
Construction Institute. (www.leanconstruction.org).

Christopher, M. & Towill, D. R. (2000), “Supply chain migration from lean and functional to agile and customized,” 
Supply Chain Management: An International Journal, 5, 206 - 213.

Christopher, M. (2011), “Logistics & Supply Chain Management,” Edinburgh Gate, Pearson Education Limited.

Dennis, P. (2007), Lean Production Simplified”, Boca Raton FL, Productivity Press. 
Hoekstra, Sj. and Romme J.H.J.M. (1985), “Op weg naar integrale logistieke structuren,” Deventer: Kluwer (Dutch text). 

Koskela, L. (2004), “Moving on – Beyond Lean Thinking,” Lean Construction Journal. Vol. 1, No. 1. pp. 24-37.

Pagh, J. D. & Cooper, M. C. (1998), Supply Chain Postponement and Speculation Strategies: How to choose the right 
Strategy,” Journal of Business Logistics, 19, 13-33

Thompson, J.D. (1967),“Organizations in Action,”  New York, McGraw Hill.

Ulaga, W. and Eggert, A. (2006), “Relationship value and relationship quality: broadening the nomological network of 
business-to-business relationships,”  European Journal of Marketing, Vol. 40, No. 3/4, pp. 311-327.

Supplier D 

Construction 
site 

(coordination) 

Supplier A Supplier C 

Supplier B 

Value chain 

Value chain 

Value chain 

Value chain 

Supply principle: Lean 
integrated with Agile 

Objective:  
Customer Value 

Metrics: timing & 
place configuration 

Metrics: timing & 
place configuration 



397Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

0056

MANAGEMENT ON ENERGY USED IN FREEZING OF TUNNEL FREEZER

Teerayut Horthong and Pairat Sophanodora
Department of Agro-Industrial Technology,

Faculty of Agro-Industry, Prince of Songkla University,
Hat-Yai, Songkhla, 90112, Thailand

E-mail: Teerayut.th@gmail.com





399Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

MANAGEMENT ON ENERGY USED IN FREEZING OF TUNNEL FREEZER 
 
 

by 
 
 

Teerayut Horthong and Pairat Sophanodora 
Department of Agro-Industrial Technology,  

Faculty of Agro-Industry, Prince of Songkla University,  
Hat-Yai, Songkhla, 90112, Thailand 

E-mail: Teerayut.th@gmail.com 
 
 

ABSTRACT 
 

Frozen food industry has generally used tunnel freezer to freeze products because of rapid freezing and low 
operation cost. The refrigeration performance of the freezer could be evaluated from the value of coefficient of 
performance (COP). However, COP value could not indicate the performance of operation. Research in the case study 
factory, producing surimi base products, showed greater energy consumption than the target value (500 kWh/ton 
products). Therefore, the aim of this study is to find out any possible management to reduce energy consumption of the 
freezer. The major problem occurred were mechanical and operational problem. Only operation problem was emphasized 
in this study. It was found that during freezing for 10 h/day the energy was consumed for set-up period (12%), freezing 
(79%) and free running (9%). Measure on reducing the set-up time of freezer was applied at the beginning of the day and 
after lunch break from 40 and 30 to 30 and 20 min, respectively. It was shown that the energy consumption could be 
reduced from 140 and 105 to 105 and 70 kWh for each set up. Moreover, turn-off the condensing unit during freezing at 
appropriate sequence resulted in reducing energy consumption of compressors from 67 to 44 kWh. Another measure to 
reduce lost during free running was turn-off the freezer for about 30 min which could save energy consumption at the 
average of 100 kWh for each time. 
 
KEYWORDS 
Tunnel Freezer, Freezing, Performance Evaluation   
 
 

INTRODUCTION 
 
 In the frozen food industry, freezing is one of the most energy consuming processes (Chourot et al., 2003) and 
the amount of energy needed to keep the freezer. The quantity of food more million tons per year was frozen by 
mechanical or cryogenic freezing especially, mechanical freezing because of lower operation cost than cryogenic 
freezing but the mechanical freezers require higher processing time and low heat transfer coefficient (Salvadori and 
Mascheroni., 2002). Current, various kinds of freezers were used in frozen food industry their performances are 
difference while the method to evaluate and compare performance of freezer is generally method and not exactly. The 
evaluation of coefficient of performance (COP) is general method to analyze the performance of refrigeration system 
(Huan., 2003).  
 
 Harrison et al. (1985) provided the coefficient of performance or COPt for tunnel freezer, there have two mains 
factors, including refrigeration capacity of refrigeration system (Q) and input power (W). For tunnel freezer, the main 
energy was consumed by compressor and motor of fans. The freezer will have high performance when COP value is 
high. However, the COP can evaluate performance of freezer in term of refrigeration production only but not include 
performance of energy utilization. Prior investigation done by Huan (2003) showed method to evaluate performance of 
freezer joined with two factors, refrigeration production and refrigeration utilization in term of energy utilization 
efficiency ( e). The energy utilization efficiency ( e) was respected production rate (G) cooperate with enthalpy 
difference ( H) of food (refrigeration quantity absorbed by foods) and compare with input power (W). The high e value, 
the freezer has higher energy utilization and at the same time the COP value will higher. In contrast, the higher COP 
value, the freezer will have higher energy utilization efficiency or not. This idea can be applied to all kinds of 
refrigeration equipment. 
 
 Focusing a research topic is energy usage on freezing with tunnel freezer in surimi industrial. The case study 
company is a manufacturer of surimi and product from surimi (surimi base product) especially, surimi base products are 
very different such as shape, size and quality. On freezing, there have three type of freezer include air blast freezer, spiral 
freezer and tunnel freezer but tunnel freezer consume highest energy. On 2011, tunnel freezer was used energy higher 
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1. Turn on freezer 

2. Select product 

3. Freeze 

4. Weigh/Pack 
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than target value at 500 kWh/ton of product. Nowadays, cost of freezing was increased from higher price of energy, lost 
on operation and lack of data during freezing. That is why there is a need to assess and improve the operational efficiency 
on freezing for increase the coefficient of energy utilization and reduce cost of freezing. 
 
 

METHODOLOGY 
 
Survey current practices of case study factory.  
 - Freezing study and make flow process chart. 
 - Collect product type and capacity data of products which freeze by tunnel freezer. 
 
Analyze data and finding cause of problem with why-why analysis. 
 
Propose way to reduce energy usage on freezing. 
 - Reduce set up time of freezer. 
 - Reduce free running time of freezer. 
 - Turn – off condensing unit method. 
 
 

RESULT AND DISCUSSION 
 

Current Practices of Case Study Factory 
 
Freezing operation with tunnel freezer of packing department. 
 
 In packing department of case study factory have three type of freezer such as air blast freezer, spiral freezer and 
tunnel freezer. The tunnel freezer is main freezer to freeze some products which can’t freeze with air blast freezer or 
spiral freezer. The freezing will start with receive product, turn on freezer, select product, freeze, weigh and finally 
transport to keep in inventory (Figure 1). 
 

FIGURE 1 
FLOW PROCESS OF FREEZING WITH TUNNEL FREEZER 
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Product Capacity 
 
 The factory case study is surimi base product industry which produces various kinds of product such as crab 
flavored sticks, fish tofu, oboro, chikuwa, fish ball and other especially, distinction of product (shape, size, initial 
temperature and other) were influenced to capacity. However, the product can classify in two types i.e. vacuum and non 
vacuum product.       
 

TABLE 1 
CAPACITY OF FREEZING 

 
Product Capacity,  (kg/h.) 

Non-vacuum products  
      Fish tofu 442 
      Crab sticks 347 
      Chikuwa 515 
      Oboro 498 
      Fish ball 437 
Vacuum products 200 - 400 

  
The capacity target value of tunnel freezer was established at 500 kg/h. The table 1. shown capacity of products 

and it was found that Chikuwa and Oboro have 515 and 498 kg/h, respectively. But other non-vacuum products (fish 
tofu, crab stick, fish ball) that have capacity lower than target value, affected from free running. The vacuum products 
capacity is lower than target value because it was packed with plastic bag which decreases heat transfer coefficient. 
However, the main products was frozen by tunnel freezer is non-vacuum products and some vacuum products when need 
to freezes before out of time (8 hr.). 
  
Equipment and energy usage of tunnel freeze. 
 
 Tunnel freezer or continuous belt freezer was used cold air to reduce temperature of product and used belt to 
transport product within freezer. Tunnel freezer used vapor - compression cycle to moving refrigerant in system. The 
main equipments of this system were included compressors, evaporators, condensers, expansion devices, fans, belt and 
other. However, the most energy was consumed by compressor and motors of fan. From the tunnel freezer of case study 
it was consumed energy about 2,000 kWh/day that shown in table 2.         
   

TABLE 2 
ENERGY CONSUMPTION OF FREEZER 

 
 
 
 
 
 
 
   
 
 
 
  
 

The energy consumption of tunnel freezer can classify in three types. First’s used for reduce temperature before 
put in product (set up), consume highest energy (210 kW/h) and other used for freezing product about 200 kW/h like free 
running activity. However, the structure of tunnel freezer shows in figure 2 that included 4 evaporators, 9 fans and 
effective belt length 9 matter.    
 
 
 
 
 
 
 

Activities  Quantity,  (kW/h) 

Set up 209.78 ± 4.68 

Freezing 199.33 ± 6.87 

Free running 198.00 ± 25.84 
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FIGURE 2 
STRUCTURE OF TUNNEL FREEZER 

 
 
 
 
 
 
 
 
 
 
 
    
 
 The evaporators were installed spread in freezer, one evaporator per 2 fans but last evaporator (No. 4) is largest 
that have 3 fans. Product will put on the belt and moving from evaporator no.1 to evaporator no.4 before moving to 
weigh by automatic machine and movement speed of belt can adjust 5 – 40 minute. 
 
Analyze Data and Finding Cause of Problem with Why-Why Analysis 
 
 On 2011, energy was consumed by tunnel freezer about 10 % of surimi base products factory and used higher 
than target value. Tunnel freezer was worked 10 hr per day and three main activities per day. Figure 3 shown ratio of 
tunnel freezer was worked per day with three main activities. Freezing activity was spent highest time about 79 % of the 
day, 12 % for set up time and 9% free running time. The free running time is the problem of freezing.  
 

FIGURE 3 
OPERATION RATIO OF TUNNEL FREEZER PER DAY (10 HR.) 

 

 
 
 

  The 9% free running or about 1 hr. per day (10 hr.) will effect to capacity and quantity of energy consumption 
per day. Consequently, this problem should be solved by operation management to eliminate free running and reduce 
energy usage per day.  
  
Approach to Reduce Energy Consumption of Freezer 
 
Reduce set up time of freezer. 
 
 The procedure of freezing with tunnel freezer is importance to reduce temperature within freezer before freezing 
(put in product) and temperature within tunnel freezer was shown on monitor (figure 4.) that includes 4 condensing units.    
 
 
 
 
 
 

1 2 3 4
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FIGURE 4 
TEMPERATURE MONITOR OF TUNNEL FREEZER 

 
 
 
 
 
 
 
 
 
 
 
  
 From operation of freezing, needs to turn on freezer and set up two times per day, at the beginning of the day 
and after lunch break. The temperature should be lower than -40 oC every condensing unit before freezing that spend 40 
min at the beginning of the day and 30 min at the after lunch break. However, every unit was spent different time to 
reduce temperature which units 1, 2 and 3 spent 30 minute for reduce temperature to -40 oC but unit 4 spend highest time 
about 40 min. The duration during set up freezer is important because of during set up can’t freeze product or set up time 
is lost of production. So, tunnel freezer was frozen different type of product and spent different time to freezing them.  
From table 3 shown temperatures changing during product in and out of freezer at 20 min freezing time. It found that 
temperature within freezer will higher up during products in and out. Therefore, they shouldn’t reduce set up time 
because of it influence to core temperature of products and only group of products which spent 20 min freezing time i.e. 
non-vacuum products.   
 

TABLE 3 
TEMPERATURE WITHIN FREEZER DURING PRODUCT IN AND OUT AT 20 MIN. FREEZING TIME 

 
Condensing unit no. Input temperature (oC) Output temperature (oC) Temperature change (oC) 

Condensing unit 1 -51.6 -41.0 +10.6 
Condensing unit 2 -52.5 -40.7 +11.8 
Condensing unit 3 -50.5 -45.3 +5.2 
Condensing unit 4 -47.2 -46.9 +0.3 

 
 Freezing time at 20 min, temperature of every units is higher up when product in and out of freezer. In contrast, 
at 25 min feezing time (table 4.) all condensing units temperature is lower down during product in and out. Therefore, at 
25 min freezing time should be established new criteria for decrease set up time. New criteria should be assign new target 
temperature from -40 oC of all condensing units to -40 oC specific for condensing unit 1 and 2 that can reduce freezing 
time about 10 min.  
 

TABLE 4 
TEMPERATURE WITHIN FREEZER DURING PRODUCT IN AND OUT AT 25 MIN. FREEZING TIME 

 
Condensing unit no. Input temperature (oC) Output temperature (oC) Temperature change (oC) 

Condensing unit 1 -54.7 -54.7 0 
Condensing unit 2 -51.0 -53.4 -2.4 
Condensing unit 3 -44.5 -47.7 -3.2 
Condensing unit 4 -32.7 -38.3 -5.6 

 
Reduce free running time of freezer. 
 
  The flow process of freezing with tunnel freezer, products moving within freezer by continuous belt and after 
that frozen products will moving by continuous belt to weigh and pack with automatic machine. The free running is 
problem of freezing operation because of automatic machine can weighing products only one type per times and 
importance to waiting for adjust specific volume and speed value in every product before weighing on next time.  
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TABLE 5 
AVERAGE FREE RUNNING TIME 

 
 Average,  (min) Max (min) Min (min) 

Free running per day (10hr) 53.41 200 10 

Free running per freezing cycle 28.66 60 10 

Total 1175   

        
 The average free running time of tunnel freezer showed in table 5, average free running per day is about 50 min 
and free running per freezing cycle is about 30 min. However, maximum free running per freezing cycle is 60 min and 
free running at least 2 times per day. From table 2, the freezer consumed energy about 200 kW for freezing activity and 
so stability then free running at average about 30 min, the freezer consumed energy about 100 kW. The new method is 
turn-off compressor during free running for saving energy consumption of freezer. From the reduction of free running 
could save 100 kWh at average 30 min of free running and reduce hour of compressor running. 
 
Turn – off condensing unit method.         
 
 On freezing period, product moving from condensing unit 1 to unit 4 and on the last product freezing (no more 
product need to freeze) when product moving and passing each unit of condensing it have free space. Previous method, 
they will turn – off condensing unit when all products out of freezer therefore, they will spend energy for free space and 
it is lost of freezing. The new method do not waiting for products out of freezer but they should turn – off condensing 
unit during freezing at appropriate sequence (for example: at 20 min freezing time, turn – off condensing unit 1 - 4 in 
every 5 min) resulted in reducing energy consumption of compressors from 67 to 44 kWh and reduce hour of compressor 
running per day. 
 
 

CONCLUSION 
 
 This research aimed to reduce energy consumption of tunnel freezer with production management for save cost 
of freezing. One way to reduce cost of freezing is increasing freezing capacity but the freezing capacity is can’t increase 
because of any constraints such as initial temperature, performance of freezer, etc. Other way is reduce energy 
consumption of freezer. The tunnel freezer of case study factory consumed 2,000 kWh/day consist of set up period, 
freezing and free running. After improvement, the set up period reduction with reduce the set-up time could save energy 
consumption at least 70 kWh/day, lost reduction at the average free running 30 min with turn-off compressors could save 
about 100 kWh of each time and finally, the reduction of freezing with turn-off compressors at appropriate sequence 
could save about 46 kWh/day. All results of improvement could save energy about 216 kWh/day and reduce hour of 
compressor running. 
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ABSTRACT

The final dimension of a multi-component assembly that are assembled from subcomponents has to be 
controlled qualitative intensively. The application of standard worst-case method can analyze the assembly tolerances 
referring to the nominal size of each subcomponent. Consequently, the stacking up of tolerance limit can occur and the 
dimension of the assembly gets out of the tolerance specifications. By this means, it does not take the probability in 
account. This research work started with the problem formulation of the given tolerance stack up task in form of Two-
stage Stochastic Linear Programming. The TSLP model has been setup into matrix systems and transformed to 
MATLAB programming. By optimization, the most appropriate length and its tolerance of each assembled part has been 
obtained. Finally, the sum of the length and its tolerance become the length of assembly which satisfied the market 
requirement with an allowed tolerance specification limit and at the minimal manufacturing cost. 

KEYWORDS
Tolerance Stack Up, Assembly Under Tolerance Stack Up, Tolerance Allocation, Two-Stage Stochastic Linear 
Programming 

INTRODUCTION

 In the early 1800s, at the beginning of the manufacturing era, the components were assembled by hand. Such 
manual task required time and skill and the parts were not interchangeable because of the variation in size and shape of 
the parts. The interchangeability in manufacturing process was achieved in the year 1820s by the use of hard gages. 
Thereafter, the requirement of the part accuracy was rising rapidly and affect on the hard gages. 

 This led to the development of parts and assembly drawings with tolerance specifications in form of the nominal 
dimensions plus/minus the allowable tolerances (Ostrovsky-Berman, 2005).  The upper and the lower limits of the 
acceptable variation is still a standard indicator for the quality control until now.   At the design stage, the required 
tolerance should be set as possible as to be close to zero. But, at the manufacturing stage, higher precision or tight 
tolerances lead to higher cost and looser tolerances to less cost. At the assembly stage, due to the objective of optimizing 
the interchangeability of components, tight tolerances are desirable (Woo-Jong, 1990) There are various approaches to 
cost-based optimal tolerance analysis. Most of research methodologies apply mathematic principles, cost model, analysis
method and model author. The model terms are defined on a cost-per-part basis and are defined as the typical fixed cost 
in the manufacturing process, the cost of making a single part or component, and the tolerance (Cleveling,1997) The 
concurrent consideration of opposing criteria on tolerance, between design and manufacturing, and between 
manufacturing and assembly, can only be resolved by compromise. The result of such a rationalization, if agreeable to all 
concerns, is effectively a synthesis of tolerances. (Michael, W. and Siddall, J.N, 1982 and Lee, W.-J. and Woo, T.C., 
1989)

This paper deals with a computational calculation of an assembled set. The assembly composed of five steel 
blocks as shown in Table 1. Their nominal sizes and tolerances have been approximately allocated. The assembly 
dimension (total length) is the sum of all nominal lengths of five parts and in addition to their tolerances. The final total 
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length and its tolerance must line at the allowed tolerance zone. The optimal tolerance value of each five parts and the 
total optimal length and tolerance based on manufacturing cost will be discussed.

Problem Analysis

To allocate the most appropriate tolerance of each assembled part and to obtain the final length of the assembly 
with expected allowance is associate with the optimal manufacturing cost. This problem can be formulated in form of 
two-stage stochastic linear programming (TSLP) under uncertainties. As research review (P. Charnsethikul, 1996; P. 
Charnsethikul, 1992 and P. Charnsethikul, 2009) the effective calculation method that can define the optimal solution of 
TSLP problem is the Simplex method. 

A complete assembly block comprises of five components need to be defined the optimum tolerance in order to 
economize the manufacturing cost.  The complete assembly set will be allowed Grade: f, at 7.3 ± 0.100 . According to 
DIN ISO 2768-1 (1991-06) see Table A1. The five initial components are given in Table 1.

The rejection of the part 

The criterion for rejection of produced part can be discussed on as follow: 

1.2.1.In case of the finished length of any part would be shorter than the required dimension, the whole set of all 
five work pieces would be absolutely rejected as scrap parts that they could not be reworked anymore. Therefore, the cost 
of the work pieces would be the scrap cost of $US 30.50.

1.2.2. On the contrary, if the finished length of each work piece longer than required. The set of all work pieces 
would be reworked with manufacturing cost of $US 6.10.

TABLE 1
THE INITIAL LENGTHS OF FIVE COMPONENTS

Nominal Sizes  [mm.] A 1.2 2.4 1.5 1 1.2

Size Tolerances  [mm.] Atol 0.022 0.012 0.014 0.015 0.032

Component Costs [$US] fx 3 1.5 6 13 7

Rewok Cost [$US] fexd 6.1

Scrap Cost  [$US] fles 30.5

Market requirement DIN ISO  2768-1(1991-06)   see Table A1

Nominal Sizes  [mm.] b 7.3

Size Tolerances  [mm.] btol 0.1

Sizes  , Tolerances and component costs

METHODOLOGY

This research work aim to apply the mathematic models which is used for solving a mixing problem to solve a 
tolerance stack up problem. The problem as given in Table 1 is formulated in form of two-stage stochastic linear 
programming. Two-stage stochastic linear programming is very suit for a large and complicate problem under variation 
of both decision variables and their coefficients 
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Mathematic Model

Two-stage stochastic linear programming is written in general form as:

( , )

0

TZ C x E Q x
Ax b

x                (1)

Where:    ( , ) min ; ; 0T

y
Q x d y T x W y h x

Here: E is the expectation, and denote a possibility of outcome with probability space  ( , )P
 

The 
variable x is called first-stage variable which to be decided before the stochastic variable can be observed. Whereas 
the variable y is second-stage variable which can be calculated after the outcome of the variable is known (Gerd 
Infanger, 1993).

Model Formulation

This below model formulation is a large-scale, two-stage stochastic linear programming that forms the 
deterministic equivalent problem. This model is to apply for solving the case problem given in Table 1:

Minimize

             
1

( ) ( )
m

T
x les i exd i

i
Z f x E f U E f V

                            
(2)

Subject to
5

1

, 0 1,2, ,

j i i i
j

T T T T
tol tol

i i

x U V b

A A x A A
U V i m ,

where iU Finished length of work piece shorter than the required length at even i 

iV Finished length of work piece longer than the required length at even i 

( )E les Expected value of the random variable lesf
( )E exd Expected value of the random variable exdf

m Total number of constraint alternatives
j Type of the assembled work piece ( j=1,2,…,n ). 
i Type of the assembly work piece at the event i ( i=1,2,…,m)
cj Assembly cost by work piece type j (component cost = T

xf x )
xj Number of assembly work piece  type j

TA Transpose of nominal size of the assembled work piece
T

tolA Transpose of size tolerance of the assembled work piece
bi Sum dimension (total length) of the assembly at the even i
btol Tolerance of the sum dimension (total length) of the assembly at the even i
dk denotes the market demand = 1 (omitted for this case)

Setup of Matrix System

This following setting- up of matrix systems is necessary to start developing a computational calculation 
program. For this research, MATLAB® programming is selected
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FIGURE 1
MATRIX SYSTEMS A_sys, b_sys, f_sys

The given data in Table 1 are written in form of matrices formulation and saved to the data file named: data.mat
as  below shown:

1.2 2.4 1.5 11.2

0.022 0.012  0.014  0.015  0.032

7.3
0.100

3.00;1.50;6.00;13.00;7.00

30.50

6.10

A

Atol
b

btol
fx

fles
fexd

                                (3)

Computational Calculation 

To solve the above formulated two-stage stochastic linear programming, the primal-dual Simplex method,
MATLAB syntax called LINPROG, is applied.  There are two important assumptions:

Assumption

1. The nominal sizes of each type of assembled parts (x) is continuous event. The values, which are independent 
of each other, are uncertain (with tolerances). However, the values intervals are recognized to be uniform distributions.

2. All scenarios are also uniformly distributed and independent on each other.
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FIGURE 1
MATRIX SYSTEMS A_sys, b_sys, f_sys

The given data in Table 1 are written in form of matrices formulation and saved to the data file named: data.mat
as  below shown:

1.2 2.4 1.5 11.2

0.022 0.012  0.014  0.015  0.032

7.3
0.100

3.00;1.50;6.00;13.00;7.00

30.50

6.10

A

Atol
b

btol
fx

fles
fexd

                                (3)

Computational Calculation 

To solve the above formulated two-stage stochastic linear programming, the primal-dual Simplex method,
MATLAB syntax called LINPROG, is applied.  There are two important assumptions:

Assumption

1. The nominal sizes of each type of assembled parts (x) is continuous event. The values, which are independent 
of each other, are uncertain (with tolerances). However, the values intervals are recognized to be uniform distributions.

2. All scenarios are also uniformly distributed and independent on each other.

Calculation Tool and Step of Calculation

A mathematic calculation tool, MATLAB® Program has been selected to solve the problem. The 
MATLAB®_Software/Verion.2006a and a HP_Pavillion_IntelCore_2Qurd Inside, No.: 016-120610000, personal 
computer, at the Department of Industrial Engineering, Thammasat University, Pathumtani were mainly applied.  The 
calculation steps as follows:

Step1. In accordance with the mathematic formulation, the matrix systems have been setup in accordance to Simplex 
method. The initial input variable matrix is expressed in two possible substitutions, namely: randomization and dual 
simplex algorithm.

Step2. Model building according to the method of two-stage stochastic linear programming followed the programming
flowcharts

Step3.  Preparation of MATLAB® programming named: lstart, start, setupmodel, solvemodel linMAT, data.mat, result, 
pline, selfcat, speye, vspace and other graphical programs.

Step4. Creation of data file: a, a_tol, b, b_tol, fx, fles, fexd 

Step5. Program execution by the program named:  lstart (input P-Number) 

FIGURE 2
MATLAB PROGRAMMING FOR CALCULATION AND GRAPHIC REPRESENTATION

                       

Explanation: Figure1, representing the matrix systems correspondent with Equations (2) and (3) are setup.
Figure 2, The program named ‘lstart’ is an input data loading program, ‘linMAT.m’ is a matrix to receive all loaded input 
data whereas the program of the name ‘Speye.m’ serves to construct a large identity matrix system with the ‘Selfcat.m’ 
application await the parameters patterns modification And the ‘solve.m’ is the main calculation program whereas on the 
others are supporting programs for result reporting and all graphical representing required.
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RESULTS AND DISCUSSION
 

Results

The calculation results are the final optimal length of each assembled parts and the sum of those with optimal 
tolerances based on the minimum cost that are the outcome of optimization. 

processing ... 200/200( 997 events)
Optimization terminated.
Assembling Work pieces Result
Pieces : 5
Event : 997
Setup time : 0.0032974 seconds
Solving time : 0.1535 seconds

Piece Number 1: 1.222     [1.178, 1.222]     
Piece Number 2: 2.412    [2.388, 2.412]
Piece Number 3: 1.514     [1.486, 1.514]     
Piece Number 4: 0.986   [0.986, 1.014]
Piece Number 5: 1.1945    [1.168, 1.232]

Total Work piece length 
(Assembly length)    7.3285    [7.200, 7.400]

Minimum cost $US  74.7900
     - Working   cost $US  37.5476
     - Repairing cost $US  37.2424

All results can be illustrated as below:

FIGURE 3
THE MINIMUM COST OF THE ASSEMBLY INCLUDED RC AND WC COSTS
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FIGURE 4
REPRESENTING THE INDIVIDUAL LENGTH OF x1, x2, x3, x4, x5 

AND COMPLETED WORK PIECE LENGTH

Discussion

Figure 4 represents the nominal sizes with their optimal tolerances. The assembled part number 5, during 
optimization, at small number of event there was a high variation up to P=400 approximately whereupon the variation 
decreased and let the curve converge to it optimal solution.  Whereas in Figure3, the minimum costs of Zmin, Repair cost 
and working cost obviously converge to optimal solution, except the working cost, at the less number of calculation event 
the working cost was a bit fluctuated.

CONCLUSION

The tolerance allocation problem can be considered as a large-scale two-stage stochastic linear programming. 
The nominal sizes are comparable to the decision variables and their tolerances equivalent to uncertainties. To discover 
the best solution of decision variables, referred to our calculation results, the formulation in term of two-stage stochastic 
linear programming can reveal the optimal solution. Including the application of MATLAB programming can raise up 
the calculation performance.

RECOMMENDATION

1. In this research, the distribution was assumed as uniform distribution. In order to observe how different the results
would be, with the other type of distribution should be recommended.

2. In case the normal distribution would be encountered, the mean would be fixed. The input variables can be presented 
in term of manufacturing error while the output results refer to the rejected rates or yields.

3. The optimal cost of zmin was not yet the net minimum cost. By the next research, the price of the scrap should be 
returned something to reduce the cost.
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4. The method of Bender’s decomposition can especially suit for solving mixing problem whereas the Simplex method 
suits only for a problem with less design constraints [4], [11]. While the mixing process could be comparable to tolerance 
stack up of work pieces: various part designs, different tolerances and manufacturing costs, the method of Bender’s
decomposition might be applicable for further investigation.
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APPENDIX

TABLE A1
TOLERANCE FOR LENGTH AND ANGLE ACCORDING TO DIN ISO 2768-1 (1991-06)

Note: The assembly (total length) is required between 6.0 – 30.0 and grade f  tolerance  ± 0.100  
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ABSTRACT

Recent years have seen environmental issues such as global warning. To that end, attention is being focused 
on material flow cost accounting (MFCA), which is aimed at gaining an understanding of the amount and cost of 
industrial wastes and emissions from companies, which place a burden on the environment, and the cost of protecting 
the environment. The relationship of correspondence between MFCA and traffic accounting is identified, and a 
generalized material flow cost accounting (GMFCA) is proposed which takes the rate of utilization into consideration.  
Next, the results of application to Factory Y will be presented, and the results thereof are verified.

KEYWORDS
Material Flow Cost Accounting, Generalized Material Flow Cost Accounting, Rate of Utilization, Traffic Accounting

INTRODUCTION

Recent years have seen global growth of environmental issues such as global warning. To prevent worldwide 
worsening of such environmental problems, countries and industry are addressing the need for countermeasures to 
lower the environmental burden. To that end, attention is being focused on MFCA (Material Flow Cost Accounting), 
which is aimed at gaining an understanding of the amount and cost of industrial wastes and emissions from companies, 
which place a burden on the environment, and the cost of protecting the environment (Jasch Christine, 2009; 
Katsuhiko Kokubu, 2010). In this study, the relationship of correspondence between MFCA and traffic accounting 
(Masayuki Matsui, 2005, 2008) is identified, and a generalized MFCA is proposed which takes the rate of utilization 
into consideration. There are two types of generalized MFCAs, a service type and a manufacturing type, and the 
method of dealing with the MFCA differs between these two types. Next, the results of application to Factory Y will 
be presented, and the results thereof are verified. Finally, verification is made that the large number of setup 
operations at Factory Y incurs a great amount of time and cost. Given this, an analysis suitable to the actual conditions 
at Factory Y is performed, encompassing setup costs. By an analysis that considers setup costs, it will be pointed out 
that it is not necessarily good simply to have the setup times be short.

ACCOUNTING SYSTEM

MFCA

MFCA is a method whereby costs occurring at each process step are classified into good product (related to 
products that are shipped) and loss (e.g., bad products, wastes, emissions), and the costs at each process step are 
evaluated, focusing on the losses that occur. MFCA enables the identification of bottleneck processes, at which the 
greatest losses occur. Because it is possible to grasp the proportion of the overall amount that is attributed to losses, it 
is possible to reliably establish targets for reducing the rate of losses.  By evaluating the value of losses as an amount 
of money, it is possible to quantify the cost reduction when the rate of losses is reduced to the target. A result of this is 
that it leads to a determination of the amount of investment as improvement expense for the purpose of reducing 
losses.  In this manner, MFCA provides enterprises with an incentive to tackle the task of reducing waste processing. 
MFCA deals with three cost elements, materials costs, system costs, and waste-related costs. Material cost 
encompasses all costs related to raw materials brought into a factory. System costs refer to labor costs and 
depreciation cost. Waste-related costs are costs related to waste processing and transport. MFCA provides a 
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representation of the costs related to the three cost elements, classified into good product related costs and loss-related 
costs. By classifying each of the cost elements into good product related costs and loss-related costs, it is possible 
not only to identify bottleneck processes, but also to judge which cost element is contributing the most to losses. As 
a result, it is possible to clearly identify the targets of improvement in the plant.

Traffic accounting

Traffic accounting is an accounting system that incorporates time and utilization rate into production and 
costs. By considering the rate of utilization, traffic accounting calculates the mean operation expenses, which take 
into account not only operating expenses, but also expenses related to waiting, idle time expense, overrunning, and 
lead time, thereby providing an evaluation of the profit per unit time. Conventional accounting systems either 
completely ignore factory utilization rates or treat it as being 100%. It is unrealistic, however, to have a 100% factory 
rate of utilization. Given this, the current research identifies a relationship of correspondence between MFCA and 
traffic accounting, and proposes a generalized MFCA that considers utilization rate.

DEVELOPMENT OF GENERALIZED MFCA

Generalized MFCA is a model that establishes a correspondence between MFCA and rate of utilization rate 
and evaluates costs, and is a generalized MFCA with regard to utilization rate. Although there are two types of 
generalized MFCAs, a service type and a manufacturing type, it is known that the same value of cost is obtained as
the MFCA under given conditions. Interviews with maintenance personnel are used to supplement the data analysis.

The rate of utilization and symbol

Symbols are shown to use in the generalized MFCA.
: The rate of utilization

p   : The processing rate
d   : Demand speed
m  : Production speed

1 : Coefficient on inventory cost
2 : Coefficient on busy cost
3 : Coefficient on idle cost
4 : Coefficient on loss (overflow) cost

P : The processing rate
B : The lost-call rate
EC : The mean operating cost per unit time
ER : The sales reward
EN : The net reward per unit time

: The number of the mean overflows
L : The average number of demand

The mean operating cost per unit time EC is expressed in an expression (1).
EC = (Inventory) + (Busy) + (Idle) + (Loss)

 1L 2 0 3(1- 0 4 (1)
0 P                                           (2)

                            (3)
P =1-B               (4)

Table 1 shows the method of classifying products and non-products. 

TABLE 1
HOW TO CLASSIFY PRODUCTS AND NON-PRODUCTS IN THE ACCOUNTS TECHNIQUE

MFCA Traffic accounting GMFCA
Product Quality goods (P) processing rate
Non-product Loss (B) lost-call rate
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representation of the costs related to the three cost elements, classified into good product related costs and loss-related 
costs. By classifying each of the cost elements into good product related costs and loss-related costs, it is possible 
not only to identify bottleneck processes, but also to judge which cost element is contributing the most to losses. As 
a result, it is possible to clearly identify the targets of improvement in the plant.

Traffic accounting

Traffic accounting is an accounting system that incorporates time and utilization rate into production and 
costs. By considering the rate of utilization, traffic accounting calculates the mean operation expenses, which take 
into account not only operating expenses, but also expenses related to waiting, idle time expense, overrunning, and 
lead time, thereby providing an evaluation of the profit per unit time. Conventional accounting systems either 
completely ignore factory utilization rates or treat it as being 100%. It is unrealistic, however, to have a 100% factory 
rate of utilization. Given this, the current research identifies a relationship of correspondence between MFCA and 
traffic accounting, and proposes a generalized MFCA that considers utilization rate.

DEVELOPMENT OF GENERALIZED MFCA

Generalized MFCA is a model that establishes a correspondence between MFCA and rate of utilization rate 
and evaluates costs, and is a generalized MFCA with regard to utilization rate. Although there are two types of 
generalized MFCAs, a service type and a manufacturing type, it is known that the same value of cost is obtained as
the MFCA under given conditions. Interviews with maintenance personnel are used to supplement the data analysis.

The rate of utilization and symbol

Symbols are shown to use in the generalized MFCA.
: The rate of utilization

p   : The processing rate
d   : Demand speed
m  : Production speed

1 : Coefficient on inventory cost
2 : Coefficient on busy cost
3 : Coefficient on idle cost
4 : Coefficient on loss (overflow) cost

P : The processing rate
B : The lost-call rate
EC : The mean operating cost per unit time
ER : The sales reward
EN : The net reward per unit time

: The number of the mean overflows
L : The average number of demand

The mean operating cost per unit time EC is expressed in an expression (1).
EC = (Inventory) + (Busy) + (Idle) + (Loss)
 1L 2 0 3(1- 0 4 (1)

0 P                                           (2)
                            (3)

P =1-B               (4)

Table 1 shows the method of classifying products and non-products. 

TABLE 1
HOW TO CLASSIFY PRODUCTS AND NON-PRODUCTS IN THE ACCOUNTS TECHNIQUE

MFCA Traffic accounting GMFCA
Product Quality goods (P) processing rate
Non-product Loss (B) lost-call rate

Service type and manufacturing type

The service type in traffic accounting indicates the case in which the coefficient of busy cost 2 is larger than 
the coefficient of idle cost 3 ( 2> 3). This is a model in which the demand speed d is held constant, and the 
production speed m is varied.  The manufacturing type indicates the case in which the coefficient of idle cost is larger 
than the coefficient of busy cost. This is a model in which the demand speed d is held constant, and the production 
speed m is varied.  The manufacturing type indicates the case in which the coefficient of idle cost 3 is larger than the 
coefficient of busy cost 2 ( 3> 2). This is a model in which the demand speed d is varied, and the production speed 
m is held constant. The differences between the service type and the manufacturing type are shown in Table 2, and 
the formula for the mean operating cost is shown below.

TABLE 2
DIFFERENCES BETWEEN SERVICE TYPE AND PRODUCTION TYPE

MFCA Traffic cost accounting Generalized MFCA
Service Manufacturing Service Manufacturing

Fixed cost Material cost Idle cost Busy cost System cost Material cost
Variable cost System cost Busy cost Idle cost Material cost System cost
Loss Loss cost Overflow cost Overflow cost Loss cost Loss cost

A CASE STUDY FOR GENERALIZED MFCA

Production process of factory

The following symbols are used to indicate the various processes at Factory Y. 

Table 3 shows the rate of utilization and rate of idle time of each process.

TABLE 3
THE RATE OF UTILIZATION AND RATE OF IDLE TIME OF EACH PROCESS

Process symbol Rate of utilization (%) Rate of idle time (%)
P1 48.2 51.8
P2 51.1 48.9
P3 44.8 55.2
P4 40.0 60.0
P5 47.3 52.7
P6 66.8 33.2

The rate of utilization of each process in Factory Y was measured using the work sampling method. From 
Table 3, the rates of utilization in each process at Factory Y are approximately 50%, which is not a very high value. 
The time required for setup can be cited as a cause of the rate of utilization not being high. Next, Table 4 shows the 
three cost elements for each process, related to product and loss. From Table 4, it can be seen that process Pr has the 
highest loss, making process Pr the bottleneck at Factory Y. It can also be seen that, of the process Pr, the material 
cost (cost related to raw materials) has the greatest loss. Thus, it can be envisioned that reducing the raw material 
waste would be the first step to improvement in the factory. With the supposition that products produced at Factory 
are shipped on the following day, the inventory cost term on the right side of Equation (1) is made zero.
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TABLE 4
COST ELEMENTS IN EACH PRODUCTION PROCESS (UNIT: YEN)

 Material cost System cost Material loss cost
Process Product Loss Product Loss Product Loss

P1 18,555 6,309 4,489 1,526 942 320
P2 5,301 1,484 2,402 673 785 220
P3 2,650 795 1,091 327 628 188
P4 0 0 2,166 541 471 118
P5 0 0 1,028 277 188 51
P6 0 0 5,834 2,159 126 46

Total 26,508 8,589 17,009 5,504 3140 944

Cost accounting in MFCA

Next, Table 5 shows the three MFCA cost elements determined from Table 4. The proportion of the overall 
cost attributed to material cost is 24.37%. Many companies that manufacture products set approximately 10% as the 
target for the material loss cost. For this reason, the material loss cost of 24.37% can be said to be extremely high. 
Given this situation, by diagnosing the causes for the occurrence of losses, focusing on material costs in the bottleneck 
Pr process, it is possible to judge whether or not improvement is necessary. The material loss at Factory Y exceeds 
24%, which can be seen as quite a high level of material loss cost rate. A reason for the high material loss can be 
envisioned as being that the setup times in Factory Y are long. Additionally, because of the long time to change 
setups, the utilization rates of machines are low. Given this, it can be envisioned that it is important, by making on-
site improvements focused on the bottleneck process that was verified by MFCA, to raise the utilization rate.

TABLE 5
THE COST DETAILS OF MFCA (UNIT: YEN)

Material cost System cost Material loss cost Total
Product 26,508 17,009 3,140 46,657

Loss 8,589 5,504 944 15,036
Total 35,097 22,513 4,084 61,693

A GENERALIZED MFCA CASE

Service type accounting

The service type indicates the type in which the coefficient of busy cost is larger than the coefficient of idle 
cost. Consider the case in which the demand speed d is held constant and the production speed m is varied. In the 
service type, the idle cost is treated as a fixed cost that is constant with respect to the utilization cost, and the busy 
cost is treated as a variable cost. he material cost is treated as a variable cost and the system cost is treated as a fixed 
cost. Table 7 shows the three cost elements of the generalized MFCA determined from Equation (5), Table 4, and 
Table 6. The material loss cost ratio under these conditions was 26.72%, which was a value equivalent the normal 
MFCA material loss cost ratio. In the service type, this value is the same value as the normal MFCA cost when 

0=1.0. The result was a large difference between the overall cost for MFCA and generalized MFCA. The cause of 
this can be thought of as being because, with the system cost as a fixed cost, the influence of the material cost 
reduction is great. The rate of utilization of each of the processes at the Factory Y is not high. Because the rate of 
utilization is not high, the value of 0 is also low (Table 7). It can be thought that, as a result, the span of reduction of 
the material cost becomes large, and the overall cost is made small. In the service type, when 0=1.0, this coincided 
with the MFCA cost value. Although MFCA accommodates the change amount of raw material used by the changed 
demand amount, it does not accommodate a change in production speed such as with an expansion of facilities. 
Thus, MFCA is a model similar to the service type, in which the demand speed is varied and the production is held 
constant. This means that, with MFCA, because the utilization rate is presumed to be 100%, when 0=1.0 in the 
service type, this corresponds to the MFCA cost.
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TABLE 4
COST ELEMENTS IN EACH PRODUCTION PROCESS (UNIT: YEN)

 Material cost System cost Material loss cost
Process Product Loss Product Loss Product Loss

P1 18,555 6,309 4,489 1,526 942 320
P2 5,301 1,484 2,402 673 785 220
P3 2,650 795 1,091 327 628 188
P4 0 0 2,166 541 471 118
P5 0 0 1,028 277 188 51
P6 0 0 5,834 2,159 126 46

Total 26,508 8,589 17,009 5,504 3140 944

Cost accounting in MFCA

Next, Table 5 shows the three MFCA cost elements determined from Table 4. The proportion of the overall 
cost attributed to material cost is 24.37%. Many companies that manufacture products set approximately 10% as the 
target for the material loss cost. For this reason, the material loss cost of 24.37% can be said to be extremely high. 
Given this situation, by diagnosing the causes for the occurrence of losses, focusing on material costs in the bottleneck 
Pr process, it is possible to judge whether or not improvement is necessary. The material loss at Factory Y exceeds 
24%, which can be seen as quite a high level of material loss cost rate. A reason for the high material loss can be 
envisioned as being that the setup times in Factory Y are long. Additionally, because of the long time to change 
setups, the utilization rates of machines are low. Given this, it can be envisioned that it is important, by making on-
site improvements focused on the bottleneck process that was verified by MFCA, to raise the utilization rate.

TABLE 5
THE COST DETAILS OF MFCA (UNIT: YEN)

Material cost System cost Material loss cost Total
Product 26,508 17,009 3,140 46,657

Loss 8,589 5,504 944 15,036
Total 35,097 22,513 4,084 61,693

A GENERALIZED MFCA CASE

Service type accounting

The service type indicates the type in which the coefficient of busy cost is larger than the coefficient of idle 
cost. Consider the case in which the demand speed d is held constant and the production speed m is varied. In the 
service type, the idle cost is treated as a fixed cost that is constant with respect to the utilization cost, and the busy 
cost is treated as a variable cost. he material cost is treated as a variable cost and the system cost is treated as a fixed 
cost. Table 7 shows the three cost elements of the generalized MFCA determined from Equation (5), Table 4, and 
Table 6. The material loss cost ratio under these conditions was 26.72%, which was a value equivalent the normal 
MFCA material loss cost ratio. In the service type, this value is the same value as the normal MFCA cost when 

0=1.0. The result was a large difference between the overall cost for MFCA and generalized MFCA. The cause of 
this can be thought of as being because, with the system cost as a fixed cost, the influence of the material cost 
reduction is great. The rate of utilization of each of the processes at the Factory Y is not high. Because the rate of 
utilization is not high, the value of 0 is also low (Table 7). It can be thought that, as a result, the span of reduction of 
the material cost becomes large, and the overall cost is made small. In the service type, when 0=1.0, this coincided 
with the MFCA cost value. Although MFCA accommodates the change amount of raw material used by the changed 
demand amount, it does not accommodate a change in production speed such as with an expansion of facilities. 
Thus, MFCA is a model similar to the service type, in which the demand speed is varied and the production is held 
constant. This means that, with MFCA, because the utilization rate is presumed to be 100%, when 0=1.0 in the 
service type, this corresponds to the MFCA cost.

TABLE 6
MFCA OF THE SERVICE TYPE

Process 0 

P1 0.32 0.16 
P2 0.37 0.14 
P3 0.32 0.14 
P4 0.30 0.10 
P5 0.34 0.13 
P6 0.42 0.25 

TABLE 7
COST DETAILS OF SERVICE TYPE (UNIT: YEN)

Material cost System cost Material loss cost Total
Product 8864 17009 453 26126

Loss 1999 5504 139 8438
Total 11459 22513 592 34563

Manufacturing type accounting

The manufacturing type indicates the type in which the coefficient of idle cost is larger than the coefficient of 
busy cost. Consider that the demand speed d is varied and the production speed m is held constant.  In the 
manufacturing type, the busy cost is thought of as being constant with respect to the rate of utilization, and the idle 
cost is thought of as being a variable cost. The material cost is held fixed, and the system cost is varied. Table 9 shows 
the three cost elements of the generalized MFCA determined from Equation (6), Table 4, and Table 8. The material 
loss cost ratio under these conditions was 25.31%, which was a value equivalent the normal MFCA material loss cost 
ratio for the case of the service type. In the manufacturing type, this value is the same value as the normal MFCA cost 
when 0=0.0. The overall cost for MFCA and generalized MFCA take values that are close to one another. The 
cause of this can be thought of as being because the ratios of utilization of the various processes at Factory Y are not 
high. In the manufacturing type, because the variable cost is thought of as being (1 0), the lower the utilization 
rate is, the closer the value is to the MFCA overall cost. Thus, at the Factory Y, which has a low utilization rate, it is 
thought the value taken is close to the MFCA overall cost.

TABLE 8
MFCA OF THE MANUFACTURING TYPE

Process symbol 1- o = 1-
P1 0.68 0.16 
P2 0.63 0.14 
P3 0.69 0.14 
P4 0.70 0.10 
P5 0.66 0.13 
P6 0.58 0.25 

TABLE 9
COST DETAILS OF MANUFACTURING TYPE (UNIT: YEN)

Material cost System cost Material loss cost Total
Product 26,508 10,898 453 37,859

Loss 8,589 352 139 12,229
Total 35,097 14,399 592 50,088
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CONCLUSION

The current research identified the relationship of correspondence between MFCA and traffic accounting, 
and proposed a generalized MFCA which takes rate of utilization into consideration in MFCA.  Because the 
generalized MFCA establishes an association between MFCA that considers environment and rate of utilization, this 
accounting system can be said to more closely approximate the on-site management. With generalized MFCA, 
obtaining a grasp of good products, and the production amounts of discarded and lost product for each process assists 
in making proposals for improvements. In analysis that uses setups, it was possible to discover the rate of utilization 
that has the maximum gain. Additionally, it was possible to gain a grasp of the setup time for the maximum gain. 
Thus, by using analysis that considers setup, generalized MFCA acts as on guide when an enterprise makes factory 
improvements.  Remaining work that can be cited includes the wider application of generalized MFCA, and 
evaluation the increase and decrease in facilities and personnel costs when the setup time is varied.
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ABSTRACT

Recently, there have been many discussions with respect to the most notable inclusion of a 3PL or 3rd Party 
Logistics, and 4PL or 4th Party Logistics. Various arguments for the necessity, value and role of the 4PL, there is the 
need for a new level of competency for the Logistics and supply-chain partner of the sophisticated global corporation. 
Debates have arisen with regards to effectiveness of the 4PL as a ‘lead logistics integrator’ or ‘complexity manager’, 
providing impartial strategic oversight and higher-levels of holistic management expertise. 4PL’s bring together and 
centrally manage the complete supply chain for a company or a specific industry, utilizing best of breed 3PL, technology 
service providers, supply chain specialist or consultants to provide a single supply chain solution that cannot be achieved 
by a 3PL alone. A 4PL is best described as an entity that positions itself between the manufacturer and the 3PL. 
Therefore, concepts related to risks management of 4PL must be defined first. The main objectives of this study are to:  
1) discuss why risk management is needed in 4PL; 2) outline some of the theoretical underpinnings of 4PL risk 
management, with an emphasis on risk management of 3PL; and 3) introduce risk measurement methodologies and 
analytical tools for 4PL risk management as well as performance measurement.

KEYWORDS
Risk Management, Third Party Logistics, Fourth Party Logistics, Business Performance Co-operation

INTRODUCTION

In the logistics industry, risk management concerns with Third Party Logistics Providers (3PL).  3PL is those 
entities that arrange shipments, as well as manage and provide advice on transportation and transportation-related 
services for shippers, freight carriers and other related entities. 3PL may include brokers, freight forwarders, rail 
transporters, consolidators, shippers and air cargo agents. The logistics industry is changing rapidly due to the 
combination of a de-regulated transportation environment, together with 3PL embracing the internet, e-commerce and 
other electronic means to provide their logistics services. These changes significantly impact the liability risks 3PL face 
as these risks are often difficult to predict and equally difficult to "contract away". A 3PL's customer contractually relies 
on the 3PL to provide secure, trouble-free internet/extranet access and management. When there are problems, the 
customer looks to the 3PL on a direct party claim. If the 3PL has contracted with an internet/extranet provider, the 3PL 
may have recourse against that service provider (assuming the 3PL was able to negotiate contract terms providing such 
recourse rights), but the 3PL is still liable to its customer and must ensure that its customer is wholly compensated with 
no gaps. Therefore, the 3PL's customer has no incentive to "contract away" its rights against the 3PL. Normally, the 
3PL’s use a common approach of offering insurance in lieu of contractual guarantees. With regard to Cargo and Property 
Insurance, inventory shortages are not generally the subject of insurance, being considered instead a normal risk in the 
course of business. However, 3PL should require a high insurance limit because it is important that the coverages are 
legal liability driven. No negligence on the part of the 3PL may result in denying of coverage by the insurance company. 

For of a 4PL or 4th Party Logistics, there have been many discussions in a recent year. Various arguments for 
the necessity, value and role of the 4PL, there is the need for a new level of competency for the Logistics and supply-
chain partner of the sophisticated global corporation. Debates have arisen with regards to effectiveness of the 4PL as a 
‘lead logistics integrator’ or ‘complexity manager’, providing impartial strategic oversight and higher-levels of holistic 
management expertise. 4PL’s bring together and centrally manage the complete supply chain for a company or a specific 
industry, utilizing best of breed 3PL’s, technology service providers, supply chain specialist or consultants to provide a 
single supply chain solution that cannot be achieved by a 3PL alone. A 4PL is best described as an entity that positions 
itself between the manufacturer and the 3PL. Therefore, concepts related to risks management of 4PL must be defined 
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first. The main objectives of this study are to: 1) discuss why risk management is needed in 4PL; 2) outline some of the 
theoretical underpinnings of 4PL risk management, with an emphasis on risk management of 3PL; and 3) introduce risk 
measurement methodologies and analytical tools for 4PL risk management as well as performance measurement.

LITERATURE SURVEY

Walters and Halliday (2005) discussed a number of financial performance measures in 4PL. They mentioned 
that performance measurement is comprised of a range of topics. Essentially, we are considering the effectiveness and 
efficiency of management decisions. Effectiveness when measured for financial performance includes, returns earned on 
total capital employed (ROCE) and shareholders' equity (ROE). Financial efficiency measures the utilisation of corporate 
resources and these are represented by fixed assets and working capital items. Investment performance usually reflects 
value generated by the business. Measures may be the conventional earnings per share (EPS) or by price earnings ration 
(PER). Other ratios include the markettobook ratio (shares issued multiplied by current share price divided by the value 
of the company's assets). A positive value indicates that the market values the shares of the firm at a greater value than its 
assets and consequently the business is seen as adding value for the shareholders. The market value added (MVA) 
measure does much the same. It is calculated by adding the market value of the company's shares to existing debt and 
subtracting the capital invested in the business. Again a positive value will indicate a value generating business. MVA is 
arguably more future orientated as the shares rise; theoretically, this reflects investors' views of future prospects for the 
firm. The aspect worth note is, these latter two measures, in many aspects are subjective, driven by market perception 
which can be significantly influenced both positively and negatively by timing and nature of media releases coupled with 
the general economic climate. While of interest, these measures are not sufficiently absolute to be an effective or efficient
monitoring of 4PL performance within an organisation.

Walters and Halliday (2005) stated that economic value added (EVA) which subtracts the cost of capital from 
the after-tax operating profit for the period (cost of capital being calculated by multiplying capital employed by a relevant 
weighted cost of capital usually adjusted for industry sector risk). A positive value indicates value has been added during 
the period. EVA is more orientated toward the current period or recent past. It is not only the profitability of a company 
that matters, but also the capital needed to obtain that profitability, and its cost. Thus, obtaining a good Profit & Loss 
result is not good enough. The capital necessary to achieve these results needs also to be measured. Implicit is the need to 
monitor the cost of capital and assess performance versus that cost. EVA is thus an objective measure that has a start 
point from which to make a comparison of performance within a relevant financial period (the current position). Because 
inventory in most organisations forms a significant portion of total asset value, EVA can be considered a good indicator 
when evaluating 4PL contribution to an organisation.

Alan Win (2008) conducted a research study on the value a 4PL provider that can contribute to an organization. 
The purpose of this research is to understand the value a fourth-party logistics provider (4PL) can create within an 
organisation and to identify an appropriate measure of such value creation. The paper presents a conceptual model that is 
based on research of 4PL implementations within the alcoholic beverage industry, and presents a framework by which 
contribution by 4PL’s to organisations might be valued. He mentioned that future research may be widened to include 

commodity where a 4PL is involved in facilitating delivery of the goods or services. The paper assumes that 4PL 
providers have the requisite skill set to manage and deliver added value versus an in-house solution. It is anticipated that 
this paper offers insights into the pre-requisite conditions for a company to consider outsourcing to a 4PL provider, the 
conditions/attributes that contribute to securing a 4PL relationship, the value that can be created through use of a 4PL and 
a method by which to assess the creation of value.

PROPOSED RISK MANAGEMENT MODEL OF 4PL

In order to determine the model of 4PL’s risk management, a necessity of differentiation between 4PL from 3PL 
is required. There are four points as follows:

1. The 4PL is not part of a larger logistics service provider. This contrasts with 3PL who are part of a parent 
company that provides warehouse, forwarding, transport or other services. Neutrality means objectivity. The 
3PL uses the services of the parent company in his offering to customers, whether it fits the needs. A 4PL is an 
independent who will work with the buyer to design, implement and manage supply chain solutions that meet 
the client's needs. 
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2. 4PL is supply chain management service providers; 3PL is logistics service providers. Supply chain 
management includes logistics services, the same ones that 3PL offer, and how each of these services, including 
the 3PL, interacts to provide a total supply chain service. 4PL understand build plans, supplier performance, 
demand planning, inventory velocity and how all those fit into supply chain management. That bundled 
capability is about moving products from suppliers to customers, whether that is in stores or to customer 
warehouses in a timely, accurate, complete and lean manner. 

3. 4PL may understand that supply chain management is a business process. It is crosses departments and 
functions; it extends beyond the corporate boundaries to customers, suppliers and logistics service providers. 
They also understand technology as a vital process enhancer. 3PL are transaction, not process, driven. They 
focus on the work of shipments or orders. So it is difficult for 3PL to create a value propositions with a customer 
which, in turn, leads to turnover of customers and relationships. 

4. 4PL can work with clients to develop a supply chain strategy. They recognize market, industry, global and 
technology changes. They know that one approach is not effective to serve different customers and markets. 
4PL may understand time-to-market and cycle time in what must be done and how it must be done. And they 
know that exit strategies may be needed. They do not follow-the-herd. A 4PL is both strategic and tactical. They 
can work with clients on the "big picture" and the day-to-day. 4PL can manage the details from shipping to 
order picking to working on weekly buckets for production plans. Because of the strategic and tactical abilities, 
they recognize risks and can develop risk mitigation tools. This contrasts with 3PL who are tactical only. 

These differences mean both 4PL and 3PL can be part of the same buyer's effort, just in different roles. 4PLs 
can manage 3PLs as part of the outsourcing solution; 3PL cannot manage 4PL. Depending on the project and buyer 
specifications, the buyer or 4PL can develop the Service Level Agreement (SLA) with 3PL. The SLA should include 
supply chain metrics that support the deliverables sought from the outsourcing project. What 3PLs do to protect these 
risks, before a loss occurs, will be a major ingredient in maintaining a strong balance sheet. Some risk will be controlled 
by transferring it to the insurance market. Other risk may be self-insured, controlled contractually or eliminated 
altogether by avoiding service offerings that are outside the 3PL's normal capability. Whatever choices 3PLs make to 
manage risk, it is clear that these choices must be made in light of a highly litigious business environment. Wrong 
choices can be devastating and may create circumstances that a 3PL cannot overcome. Therefore, this research proposes 
a model of risk management that may play a meaningful part in helping 3PL or 4PL effectively manage their operation 
and business illustrated in Figure 1.
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FIGURE 1
RISK MANAGEMENT MODEL IN FOURTH PARTY LOGISTICS SERVICE PROVIDER

By applying the risk management model above, it is anticipated to be able to control the hazards in their 
workplace to an acceptable level of risk. Risk management in 4PL stems from internal logistics operations determined by 
organization’s risk policy. Any related risk reversals may have resulted in considerable financial loss, decrease in 
shareholder value, damage to company reputations, dismissals of senior management, and, in some cases, the very 
dissolution of the business. This increasingly risky environment, in which risk mismanagement can have dire 
consequences, mandates that management adopt a new more proactive perspective on risk management. The ultimate 
aim of risk management for a proprietary company is usually to protect and enhance shareholder value. The prime 
objective may be to meet the policyholders' reasonable expectations, thereby the company must have clear business 
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objectives and strategies before a risk management process can be put in place (i.e., hazard identification, risk assessment,
and risk control). Also, it is necessary to manage risks to objectives at all levels within the organisation.

THEORY AND DEFINITION OF 4PL’S RISK MANAGEMENT MODEL

Fourth-Party Logistics Provider

A Fourth-party logistics provider (abbreviated 4PL), lead logistics provider, or 4th Party Logistics provider, is a 
consulting firm specialized in logistics, transportation, and supply chain management. Typical fourth-party logistics 
providers are CPCS, SCMO, BMT, Deloitte, Capgemini, and Accenture. As the 4PL industry is still in its infancy and 
currently being created throughout the world, its definition and function still leads to a lot of confusion, even for 
professionals of the transportation industry (Wikipedia, 2010). A model of 4PL proposed Spectrum – Research & 
Consultancy Group is illustrated in Figure 2.

FIGURE 2
FOURTH PARTY LOGISTICS MODEL

Source: Spectrum - Research & Consultancy Group (2010)

Win (2008) stated that a fourth-party logistics provider is an independent, singularly accountable, non-asset 
based integrator of a client's supply and demand chains. 4PL presented in this model of risk management may comprise 
of 3PL Providers, Management Consultancies, IT Consultancies, and Tech/Software/E-Commerce Firms. A detailed 
description is shown as follows:

1. Third-Party Logistics Provider

A third-party logistics provider (abbreviated 3PL, or sometimes TPL) is a firm that provides a one stop shop 
service to its customers of outsourced (or "third party") logistics services for part, or all of their supply chain 
management functions. Third party logistics providers typically specialize in integrated operation, warehousing and 
transportation services that can be scaled and customized to customer’s needs based on market conditions and the 
demands and delivery service requirements for their products and materials. A 3PL is an operator, which specializes in 
integrated operation, warehousing and transportation services. These services may be 100% outsourced, as in the case of 
"non-asset based 3PL". It is then a pure 3PL. It may also own part of its operations, such as warehouses, vans, or trucks. 
It then is both a 3PL and a 2PL, but is usually still called a 3PL. It can also offer genuine supply chain consulting services
outside of its usual range of services. It is then both a 3PL and a 4PL, but is usually still called a 3PL. It is important to 
differentiate 3PL, which actually deliver supply chain consulting services outside of their usual range of integrated 
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operations, from 3PL which use the term consulting or 4PL abusively, as a marketing tool only. Some 3PL currently go 
as far as giving a title of consultant to their sales people, who are only selling their classical 3PL services (Wikipedia, 
2010).

2. Management Consultancies

Management consulting indicates both the industry and practice of helping organizations improve their
performance primarily through the analysis of existing business problems and development of plans for improvement.
Organizations hire the services of management consultants for a number of reasons, including gaining external (and 
presumably objective) advice and access to the consultants' specialized expertise. Because of their exposure to and 
relationships with numerous organizations, consulting firms are also said to be aware of industry "best practices", 
although the transferability of such practices from one organization to another may be problematic depending on the 
situation under consideration. Consultancies may also provide organizational change management assistance, 
development of coaching skills, technology implementation, strategy development, or operational improvement services. 
Management consultants generally bring their own, proprietary methodologies or frameworks to guide the identification 
of problems, and to serve as the basis for recommendations for more effective or efficient ways of performing business 
tasks (Wikipedia, 2010).

3. IT Consultancies

Information technology consulting (also called IT consulting, Computer consultancy, Computing consultancy, 
technology consulting or business and technology services) is a field that focuses on advising businesses on how best to 
use information technology to meet their business objectives. In addition to providing advice, IT consultancies often 
implement, deploy, and administer IT systems on businesses' behalf (Wikipedia, 2010).

4. Technical/Software/E-Commerce Firms

The software industry includes businesses involved in the development, maintenance and publication of 
computer software using any business model. The industry also includes software services, such as training, 
documentation, and consulting.

Third-Party Logistics Provider and Customer

For third-party logistics enterprises, commissioned its commitment to the logistics management business is their 
customer. Because the company bought a third party logistics services, therefore, commissioned a third-party logistics 
companies and customer relationship exists between the parties, so have customer relationship management. Third-party 
logistics companies and customers can set up between the long-term strategic cooperative partnership is the development 
of third-party 3PL logistics enterprises is an important guarantee. The level of third party 3PL logistics service level, 
strategic goals and corporate culture of intermediation level, division of clarity, balance of interests, the degree of
communication and information transparency is an important factor affecting relations between the two. Third party 
logistics enterprises to establish “all customer-centric” management philosophy, the use of modern information 
management technology, strategic planning in the development of classified customers, the degree of organizational 
centralization, management level and the degree of effective integration of design and build customer profiles, to achieve 
customer feedback, these strategies are the development of third-party 3PL logistics companies have some theoretical 
guidance (Wikipedia, 2010).

Fourth-Party Logistics Provider and Customer

Generally, 4PL takes the lead on advising or making supply chain decisions on behalf of the customer. The 4PL 
service provider manages and coordinates the relationship between all the different activities of the consumer (Austega,
2010). It must be able to strategize and manage all the different assets that are dedicated to a customer and, where 
possible, coordinate break-bulk distribution by co-loading different customers’ products on the same vehicle. This can be 
done when a 3PL service provider has a great number of customers, thus providing the critical mass to allow break-bulk 
distribution.
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External Factors

1. In-House

The production of some commodity or service, such as a television program, using a company's own funds, staff, 
or resources.

2. Outsourcing

Outsourcing is often viewed as involving the contracting out of a business function - commonly one previously 
performed in-house - to an external provider. In this sense, two organizations may enter a contractual agreement 
involving an exchange of services and payments. Of recent concern is the ability of businesses to outsource to suppliers 
outside the nation, sometimes referred to as off shoring or offshore outsourcing (which is odd terms because doing 
business with another country do not mean you have to go offshore). In addition, several related terms have emerged to 
grasp various aspects of the complex relationship between economic organizations or networks, such as near shoring, 
multisourcing and strategic outsourcing (Wikipedia, 2010).

3. Business Performance Co-operation

A business organization is owned and operated by a group of individuals for their mutual benefit. Cooperatives 
are defined by the International Co-operative Alliance's Statement on the Co-operative Identity as autonomous 
associations of persons united voluntarily to meet their common economic, social, and cultural needs and aspirations 
through jointly owned and democratically controlled enterprises. A cooperative may also be defined as a business owned 
and controlled equally by the people who use its services or by the people who work there. Cooperative enterprises are 
the focus of study in the field of cooperative economics (Wikipedia, 2010).

Internal Logistics Operations and Customer

For the internal logistics operations, the overall mission may include: 1) plan, develop, implement and monitor 
organizational marketing; 2) centralized supply support, property accountability, security coordination, and ADP; 3) 
system support for unique automated systems; 4) analyze programs and procedures to ensure efficient management; 5) 
full budgetary responsibilities; 6) develop strategic business and marketing plans; and 7) liaison with the civilian 
personnel and payroll offices (Defense Logistics Agency, 2010). It is assumed that the internal logistics operations are 
related to a customer in such a way that the operations are used to fulfill the customer demand with satisfaction.

Risk Policy

Statement of the extent and kinds of risks a firm is willing to take in pursuant of its objectives. It varies from 
industry to industry and, within an industry, from firm to firm according to the firm's ability to absorb losses and the rate 
of return it seeks from its operations.

Corporate Performance

1. Earnings

The amount of profit that a company produces during a specific period is usually defined as a quarter (three 
calendar months) or a year. Earnings typically refer to after-tax net income. Ultimately, a business's earnings are the main 
determinant of its share price, because earnings and the circumstances relating to them can indicate whether the business 
will be profitable and successful in the long run (Investopedia, 2010).

2. Shareholder Value

The value delivered to shareholders because of management's ability to grow earnings, dividends and share 
price. In other words, shareholder value is the sum of all strategic decisions that affect the firm's ability to efficiently 
increase the amount of free cash flow over time (Investopedia, 2010). It also implies that the ultimate measure of a 
company's success is to enrich shareholders.
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3. Return on Capital

A ratio is used in finance, valuation, and accounting. The ratio is estimated by dividing the after-tax operating 
income (NOPAT) by the book value of invested capital (Wikipedia, 2010).

Risk Management Process

1. Hazard Identification

Identification and notification of hazards that may affect staff and clients in the workplace or wherever official 
duties are conducted is the responsibility of all staff. This applies not only to hazards that may affect physical health, 
such as musculo-skeletal injuries, but also to situations that can lead to mental health issues such as excessive workload, 
workplace conflict, harassment and bullying.  

2. Risk Assessment

Risk assessment means identifying whether the hazard could harm others. However, staff should always be alert 
to unexpected risks in the health centre and conduct an on-the-spot assessment if required. Wikipedia (2010) also defined 
risk assessment as a step in a risk management procedure. Risk assessment is the determination of quantitative or 
qualitative value of risk related to a concrete situation and a recognized threat (also called hazard). Quantitative risk 
assessment requires calculations of two components of risk: R, the magnitude of the potential loss L, and the probability 
p, that the loss will occur.

3. Risk Control

It is defined as hedging or neutralising the financial risks that result from one or a series of transactions. For the 
purposes of this discussion, risk control is the entire process of policies, procedures and systems an institution needs to 
manage prudently all the risks resulting from its financial transactions, and to ensure that they are within the bank's risk 
appetite. To avoid conflicts of interests, risk control should be separated from and sufficiently independent of the 
business units, which execute the firm's financial transactions, (the latter are often responsible for hedging the risks 
which result from their trades.) In some organisations, risk control work is carried out by independent risk management 
units rather than specially-named risk control sections, but the difference here is a question of semantics rather than job 
function (International Financial Risk Institute, 2000).

Optimal Outcome

It is a set of moves or strategies. The outcome is not known from only the set of strategies, but is only realized 
when the random event(s) are realized.

MEASUREMENT OF 4PL’S RISK MANAGEMENT

Austega (2010) proposed many methods of measuring an enterprise's operational and business risk that have 
emerged:

1. The Proxy, Analog or Surrogate Method 

Measuring the 4PL’s risk is a high level or "top-down" method often used by large companies comprising of 
several divisions operating independent businesses. The stages of the method are broadly as follows:

1. Identify public companies that are similar ("analogs") to the entity's different divisions either as they are or as 
they "should be". 

2. Identify the capital and other key financial variables of these analog companies and analyse the relationship 
(including by regression) between the capital and other variables 

3. Use this relationship to calculate the amount of capital the division should hold on a "stand-alone" basis 
according to its key financial variables
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This method considers the statistical variability in the earnings of the company, or of its divisions, and either 
empirically calculates the unexpected loss at a certain confidence level or more likely fits a standard statistical 
distribution to the available data and analytically calculates the unexpected loss at a certain confidence level. Before the 
analysis is undertaken the earnings data needs to be adjusted for risks other than operational risk (with this depending on 
the definition chosen). Even at the broad definition, this would involve adjusting for the full effect of credit and market 
risks. The same method can be applied to volatility of asset values, including to the market capitalisation of the company, 
but this is not readily possible for its divisions.

2. The Earnings Volatility Method

This method considers the statistical variability in the earnings of the company, or of its divisions, and either 
empirically calculates the unexpected loss at a certain confidence level or more likely fits a standard statistical 
distribution to the available data and analytically calculates the unexpected loss at a certain confidence level. Before the 
analysis is undertaken the earnings data needs to be adjusted for risks other than operational risk (with this depending on 
the definition chosen). Even at the broad definition, this would involve adjusting for the full effect of credit and market 
risks.

3. The Loss Modeling Method

This method collects actual loss data and uses it to derive empirical distributions for its risks. These empirical 
risk distributions are then used to calculate an unexpected loss amount needing to be protected by a capital buffer. The 
unexpected loss can be theoretically calculated to any desired target confidence level. This is typically thought of as a 
"bottom-up" method, but can be done at any level of detail with the loss types able to be defined narrowly or broadly.

4. The Direct Estimation Method

The direct estimation method relies on collaborative line manager judgments to estimate a risk distribution for 
the risks they run. It explicitly incorporates a layer of subjective judgment based on available loss data and other relevant 
factors, but these subjective judgments are generally at a lower level of significance than the judgments involved in the 
other measurement methods. It also provides a forward looking quantification of risk, with the effects of changes in 
business mix or strategy or structure, readily included in the direct estimation judgment process. The direct estimation 
method is covered in detail in subsequent pages, but basically involves the selection of a risk distribution shape that is 
appropriate for the risk (generally allocated by default to the risk category) and than anchoring this risk distribution shape 
with a quantification of the impact of one or more scenarios (which can include actual risk incidents or near misses). This 
estimated risk distribution can be refined based on subsequent experience (or as appropriate loss data becomes available). 

Referring to the above literature review, this research study will investigate a measurement of 4PL’s risk 
management by using the proxy, analog or surrogate method, the earnings volatility method, and the direct estimation 
method. A rational behind is that the proxy, analog or surrogate method undertakes the same approach at the group level 
and comparing the group results with the addition of the divisional results would allow an estimate of the diversification 
benefits gained by the group. A method to overcome the insufficiency of loss data proposed by several is to collect 
industry loss data, with scaling to the size of the entity. Furthermore, direct estimation does not require everyone to 
duplicate estimates of the same risks. Common risks can be estimated by the appropriate experts who can also define 
which of the available indicators would be the best proxies of the risk's incidence. Staff numbers may be suitable for 
some risks, the number of certain types of transactions for others, and so on. 

DISCUSSION AND RECOMMENDATION

The trend to identify 4PL’s risk management is of some concern. Throughout this paper, it has commented on 
the proposed model with theoretical review and introduced risk management methodologies and measurement by using 
the proxy, analog or surrogate method, the earnings volatility method, and the direct estimation method. The 4PL’s risk 
management model has been rarely identified and developed, compared to the popular 3PL model. Thereby, considering 
this model needs a comprehension of both 3PL and 4PL, or other categories of logistics providers (i.e., 1PL or 2PL).The 
theory and measurement presented here is expected to offer an overview of risk management enabling 4PL organizations 
to appropriate and effective review and reporting arrangements that reinforce and support risk management activities. 
This will allow up-to-date and accurate performance information leading to the ongoing identification and monitoring of 
risks by developing an annual assessment of the effectiveness of the process based on the above methods of measuring an 
enterprise's operational and business risk.
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ABSTRACT 
  

In view of rapidly changing economic conditions, competition in the aviation industry in the Kingdom of 
Thailand (Thailand) has strongly intensified.  In addition, the ramifications of recent natural disasters have had adverse 
effects on the conduct of business in Thailand, accompanied by higher operational costs.  Therefore, if a business 
organization wants to compete effectively, it must adopt conducive strategies to maintain a competitive edge over its 
rivals. Accordingly, in this research investigation, the researchers inquire into the effects of supply chain strategy on the 
marketing competency of aviation industry firms. In carrying out this investigation, the researchers apply a conceptual 
framework derived from various theories of competition. The methodological approach adopted by the researchers 
comprises quantitative and qualitative research methods. As such, the research instruments utilized by the researchers to 
collect apposite data were twofold; viz, an interview form and a questionnaire. The data were obtained from 120 aviation 
industry administrators from different administrative levels. The data collected were subsequently analyzed using the 
structural equation modeling (SEM) technique.  Using confirmatory factor analysis (CFA), the researchers validated the 
items in the questionnaire in terms of accuracy and reliability.  In determining the weight of factors derived from testing 
the construct validity of the factors, the researchers found the following: chi-square (X2) = 88.39; degrees of freedom 
(df) = 71; probability-(p-)value = .08; 2/df = 1.24; root mean square error of approximation (RMSEA) = .01; goodness 
of fit index (GFI) = 0.91; adjusted goodness of fit index (AGFI) = 0.99; normed fit index (NFI) = 0.99; non-normed fit 
index (NNFI) = 0.97; incremental fit index (IFI) = 0.96; relative fit index (RFI) = 0.99; comparative fit index 
(CFI) = 0.98; and Hoelter’s critical “N” (CN) = 329.45 (n = 120). In addition, the analysis revealed that competition 
strategy, leadership strategy, and supply chain strategy were explanatory of variances in marketing competency at 69.5 
percent (R2 = 0.695).  Furthermore, competition strategy and leadership strategy were explanatory of variances in supply 
chain strategy at 54.2 percent (R2 = 0.542).  When an organization encounters problems, it can adopt the aforementioned 
three strategies to resolve these issues andit can also bring to bear thirty major factors for it.  
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INTRODUCTION 
  

At present, the aviation industry is highly competitive in view of changing economic conditions.  An untoward 
political environment in conjunction with natural disasters has brought business operations to a standstill from time-to-
time.  Overall profits for entrepreneurs have therefore decreased.  The profitability of enterprises vis-à-vis the aspects of 
operational costs and management expenditures must be directly addressed.  In business operations, various techniques 
and methods have been employed to maintain consumer market share.  Consumers have an array of options in using 
airlines and so airlines must be responsive to their needs by keeping prices low and providing satisfactory services.  As 
such, these business organizations must consider how to conduct business appropriately.  If mistakes are made, it will 
result in lowered returns as well.  
  

Hence, organizations must consider which business practices are conducive to cost reductions and higher 
returns.  In practice, however, entrepreneurs are often uncertain as to which strategies are the most appropriate in the 
sense of being most advantageous to achieve maximum benefits.  There is also uncertainty about how to rank the 
strategies in respect of to decide which one to use. Hence, in this research investigation, the researchers are concerned to 
establish the business strategy that is most favorable to maximize benefits for organizations upon implementation. This 
research investigation accordingly strives to answer the research question whether supply chain strategy has effects on 
the marketing competency of aviation industry firms.  

 
 

THEORIES AND RELEVANT LITERATURE 
 
 Competitive Theory:  The theory of competitive advantage incorporates three important principles governing 
the business success of industries: (1) competitive strategy; (2) competitive advantage; and (3) international competitive 
advantage [12].  As such, successful business organizations by definition have selected and applied appropriate strategies 
for solving problems.  
 
 In addition, other important strategies that conduce to make businesses successful are as follows:  
 
 Supply Chain Strategy (SCST): Competitive capability is patently a function of marketing competence. 
Marketing competence, however, is dependent upon mutual cooperation between businesses that conduct commercial 
relations with one another [7, 9, 15].  
 
 Business organizations must also take account of work-related problems connected with relations with other 
business organizations.  Au fond the question involves the application of principles that can be used to ensure 
cooperation.  Important principles that can be utilized in such cases are subsumed under the rubrics of (1) business 
alliances; (2) work cooperation; and (3) communication among organizations [3, 9, 17].  Details are as follows:  
 
 1. Business Alliances in Supply Chain [3].  Parties have to enter into alliances for the sake of operational 
continuity.  If carried out properly, this should lead to business expansion with the sharing of benefits and resources, 
thereby allowing cost reductions and clear agreements [8, 9, 11, 17].  
 
 2. Collaboration.  Scholars have shown that operational effectiveness results from clear mutual goals [6, 11].  
 
 3. Communication External Organization.  Technology must be used as a tool in communication [4, 7] in 
order to reduce work steps.  Technology must be improved in its application to work so as to be compatible with intra-
organizational conditions and existing resources.  Environmental changes must also be taken into account [6, 9, 10].  
 
 H1: Supply Chain Strategy affects Marketing Competency positively 
 
 Competitive Strategy (COST):  In accordance with the concept of competition, any business organization must 
have an appropriate structure if it wants to compete successfully with competitors.  The most basic competitive strategy 
is using a strategy whereby costs are lowered.  The reduction of costs requires examining all particularized costs seriatim 
to the end to eventually reduce the overall costs of operations.  In addition, combining business operations with other 
firms and utilizing a division of labor strategy can be highly promotive to gain advantage over non-participating rival 
businesses and to achieve overall success [12, 13, 14]. 
 
 H2: Competitive Strategy affects Marketing Competency positively 
 
 H5: Competitive Strategy affects Supply Chain Strategy positively 

 Market Leader Strategy (LMST): In order to select particular market strategies, it is essential for firms to take 
into account the size and ranking of their organizations vis-à-vis rival organizations.  Large organizations may have more 
advantages than small ones insofar, that they can use strategies that small organizations cannot imitate.  Conversely, 
small organizations will have flexibility in using strategies that are inapplicable to large organizations.  Industrial firms 
with only a single entrepreneur can yet be a market leader.  Normally, market leaders deem on such numbers like market 
share.  In the market, there are market leaders, challengers, followers, and players in particular roles.  To be a market 
leader can be advantageous if it is possible to determine price mechanisms and market direction. [6, 12] 
 
 The principles that market leaders should practice are the following: (1) market leaders must find ways to 
stimulate consumer needs so that they will have more market share by catering to these needs.  (2) Market leaders must 
protect their market share and be ready to fight to regain market share if it declines.  
 
 H3: Marketing Leader Strategy affects Marketing Competency positively 
 
 H4: Marketing Leader Strategy affects Supply Chain Strategy positively 
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RESEARCH METHODOLOGY 
 

The researchers used both qualitative and quantitative methods in carrying out this research investigation.  
Therefore, the research instruments were twofold.  The qualitative research instrument involved conducting in-depth 
interviews in order to obtain relevant facts and elicit information to show the precise relationships among variables.  
Upon collecting this information, the researchers were thereupon able to construct a questionnaire to be used in the 
quantitative research phase of the investigation.   

 
 The quantitative research investigation required using a questionnaire constructed on the basis of a review of the 
relevant literature and conducting in-depth interviews.  As such, the research instruments were used to investigate (1) 
supply chain strategy; (2) competitive strategy; (3) market leader strategy; and (4) market competency.  
 

The data were obtained from 120 aviation industry administrators from different administrative levels, collected 
and subsequently analyzed using the structural equation modeling (SEM) technique.  The researchers validated the items 
in the questionnaire in terms of accuracy and reliability using confirmatory factor analysis (CFA).  The loading of factors 
were derived from testing the construct validity of the factors [5, 16]. 
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FINDINGS 
 
Means of Factors Influencing Marketing Competency 
 

In analyzing the means of pertinent factors, the researchers found these factors influenced marketing 
competence as shown in the following table:  

 
TABLE 1 

MEANS OF FACTORS INFLUENCING MARKETING COMPETENCY 
 
Variable  Mean S.D. result 
Supply Chain Strategy :  SCST    
Business Alliances in Supply Chain : STSRE    
Organizations have to share the profit. 4.17 0.48 mostly 
Organizations have to share resources. 3.22 0.37 most 
The organization is mutually beneficial 4.36 0.38 mostly 
The cooperation agreement is clear. 3.99 0.55 most 
Collaboration : SCSCO    
The share ideas used in the operation. 4.01 0.37 mostly 
The principle of operation is the same goal. 3.27 0.53 most 
The organization problem is solved in the workplace. 3.78 0.32 most 
The organizations improve collaboration. 3.86 0.22 most 
Communication External Organization : SCSTE     
The use of communication technology. 3.88 0.47 most 
To share information between organizations. 3.19 0.37 most 
The technology used in the recording. 3.01 0.28 most 
The e-Commerce system is used in operation. 3.65 0.46 most 
The technology is constantly improving. 3.68 0.39 most 
Market  Leader Strategy : LMST    
Expanding New Customer Service : LMSSE    
Expanding new product for high price product  3.95 0.25 most 
Reduction ticket price for high quantity sale 3.81 0.44 most 
Expanding new product for new customer  3.22 0.47 most 
Expanding new product for reduction price product 4.11 0.38 mostly 
Protection in Market Share : LMSPR    
The same group of customers that travel frequently. 3.15 0.48 most 
Has issued a request to the client, such as bonus mileage. 3.99 0.65 most 
The use of communication to ensure customer product recognition. 3.28 0.36 most 
The same position as my passenger food service. 4.52 0.35 mostly 
The event to attract more sales. 4.18 0.33 mostly 
Competitive Strategy : COST    
Used Low Cost : COSLO    
There is a practice that costs less. 4.16 0.27 mostly 
Reducing the use of resources by bringing innovation into practice. 4.22 0.36 mostly 
Reducing to the redundancy. 4.65 0.47 mostly 
Reducing staff costs by controlling working hours. 4.88 0.37 mostly 
Used Differentiation : COSDI    
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With open channels to purchase - sale easier. 3.76 0.33 most 
Increase the service quality is distinguished from competitors 3.99 0.65 most 
Adjusted by the time waiting for a flight for less than the 
competition. 4.66 0.54 mostly 
Marketing Competency : MKCO    
Market share increases. 4.32 0.52 most 
Income from higher sales. 3.15 0.45 most 
Increased sales volume. 3.71 0.59 most 
Sales increases. 3.95 0.68 most 

 
Analyzing Causal Relationships Involving Marketing Competency 
 

In analyzing the relationships between opposite variables to determine whether the empirical data were 
congruent with the theory and in accordance with research hypotheses, the researchers found the following:  

 
 Using the structural equation modeling (SEM) technique by reference to the conceptual framework adopted by 
the researchers, it was found that the results were congruent with the empirical data.  
 
 In hypothesis testing, the researchers found that the factors of supply chain strategy, competitive strategy, and 
market leader strategy influenced marketing competency and were explanatory of variances in marketing competency at 
69.5 percent (R2 = 0.695) at the statistically significant level of 0.000.  The factors of market leader strategy and 
competitive strategy influenced supply chain strategy and were determined to be explanatory of supply chain strategy at 
54.2 percent (R2 = 0.542) at the statistically significant level of 0.000.  
 

FIGURE 2 
THE RESULTS OF DATA ANALYSIS CONDUCTED USING  
THE STRUCTURAL EQUATION MODELING TECHNIQUE 
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Chi-Square = 88.39, df = 71, p-value = 0.08, 2 / df = 1.24, RMSEA = 0.01, GFI = 0.91, AGFI = 0.99, NFI = 0.99, NNFI = 
0.97, IFI = 0.96, RFI = 0.99, CFI = 0.98, CN = 329.45 (n = 120), 
*means the statistically significant level of .05 (1.960  t-value < 2.576)  
**means the statistically significant level of .01 (t-value  2.576  
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Hypotheses testing 
 
MKCO      =     0+ 1 SCST + 2 LMST + 3 COST 1 …………..(1) 
SCST        =     4+ 5 LMST + 6 COST 2 ……………………….(2) 
 

TABLE 2 
RESULTS OF HYPOTHESES TESTING 

 

Path 
Path 

coefficients t-stat p-value result 
H1 : Supply Chain Strategy affects Marketing 
Competency 0.532 5.397** 0.00 support 

H2 : Competitive Strategy affects Marketing Competency 0.443 7.636** 
0.00 support 

H3 : Market Leader Strategy affects Marketing 
Competency 0.491 5.399** 

0.00 support 

H4 : Market Leader Strategy affects Supply Chain 
Strategy 0.449 8.775** 

0.00 support 

H5 : Competitive Strategy affects Supply Chain Strategy 0.504 7.695** 
0.00 support 

 
TABLE 3 

RESULT OF TESTING FOR PATH INFLUENCES 
 

Variable Result Marketing Competency (MKCO) Supply Chain Strategy (SCST) 

Variable Caused DE IE TE DE IE TE 

Supply Chain Strategy: SCST 0.532** - 0.532 - - - 

Competitive Strategy: COST 0.443** 0.268** 0.666 0.504** - 0.304 

Market leader Strategy: LMST 0.491** 0.238** 0.721 0.449* - 0.449 

R2 0.695 0.542 
 
The Results of Hypotheses Testing 
 
 Inspecting the results, it can be inferred that there is an overall influence on marketing competency. As can be 
shown, depicting the mutual influence between causal variables in each path will provide the means whereby the testing 
of hypotheses will allow the answering of research questions.  
 
Analysis Involving Construct Validity  
 

Using analysis involving construct validity, the researchers found the following: The test validating the 
measurements used in this inquiry suggested that the indicators utilized measured the same construct. The criteria for 
evaluation used in this connection were that the indicators must have a loading value higher than 0.707 concomitant with 
a Cronbach’s alpha ( ) greater  than 0.700 [5], and an average variance extracted  (AVE) greater than 0.50 concomitant 
with a statistically significant level result found upon testing convergent validity.  Findings are as follows:  
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TABLE 4 
THE RESULTS OF AN ANALYSIS OF FACTORIAL CONSTRUCT VALIDITY 

 

Indicator loading t-stat CR AVE 

Supply Chain Strategy: SCST     
SCSRE : Business Alliances in Supply 
Chain 0.896 11.083 0.882 0.652 

SCSCO : Collaboration 0.887 7.857   
SCSTE : Communication External 
Organization 0.843 10.294   

Market Leader Strategy: LMST     

LMSSE : Expanding New Customer Service 0.885 10.364 0.899 0.611 

LMSPR : Protection in Market Share 0.892 11.232   

Competitive Strategy: COST     

COSLO : Used Low cost 0.897 10.997 0.885 0.637 

COSDI : Used Differentiation 0.943 9.375   

Marketing Competency: MKCO     

MKCTA : Market Share Increases. 0.866 12.336 0.876 0.709 

MKCIN : Income from Higher Sales. 0.997 10.011   

MKCQU : Increased Sales Volume. 0.988 12.127   

MKCSA : Sales Increases. 0.992 9.86   
 

The results from conducting an overall analysis of the measurement model showed construct validity for hidden 
variables, supply chain strategy, competitive strategy, market leader strategy, and marketing competency.  This was 
equivalent to the relationship path between observed exogenous variables and hidden exogenous variables ( -X 
[LAMDA-X]) and the relationship path between observed endogenous variables and hidden endogenous variables ( -Y 
[LAMDA-Y]), while taking into account t-values governing the computation of the weight of the factors of concern.  All 
observed variables were validated as being mutually correlated in accordance with the set hypotheses postulated for this 
investigation.  

 
 

CONCLUSION 
 
 It can be concluded that the strategies that aviation industry administrators should pay greatest heed to are, in the 
following descending order: supply chain strategy, competitive strategy, and market leader strategy.  The statistical 
values that were explanatory of market competency variances were found to hold at 69.5 percent (R2 = 0.695).  
Competitive strategy and market leader strategy were determined to be explanatory of variances in supply chain strategy 
at 54.2 percent (R2 = 0.542).  
 
 In addition, it would be well if administrators considered the most appropriate strategy: supply chain strategy 
with the following ranked in importance: business alliance; communication among organizations; and performance 
cooperation.  Next, in descending order, was the competitive strategy with the following ranking in importance: the use 
of a low cost strategy and a strategy of differences.  Lastly was the market leader strategy with the following ranking in 
importance: protecting old market share and concomitantly expanding a new customer base. Finally, important factors to 
be used in the industry were altogether thirty in number.  
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ABSTRACT

Excise is one of the sources of the state revenue and gives a very important contribution to the State Revenue 
and Expenditure Budget, particularly in the sector of domestic revenue. Policy of cigarettes rates excise has a positive 
impact on public health and to the nation, but it will have a negative impact on all sectors of the tobacco industry, not to 
mention small-scale cigarette industries. This situation makes the cigarette rates excise policy into a policy that is 
dynamic and the pros and cons of the society. This research aims to analyze the extent of the impact of policy on state 
income excise rates and the preparation of the transfer of the tobacco industry efforts by using system dynamics 
modeling in order to be able to produce a win-win solution. This approach serves to illustrate the model as a whole and to 
perform simulation of the government policy scenario. Based on research, the result has been obtained  declaring that the 
scenario of fixed excise tariff increase provides ideal and supporting impacts to the sustainability of cigarette industry 
business and to the state revenue, namely by increasing the excise rate annually at the sum of 5, 10, and 30 percent. 
Currently, the government policy to increase the cigarette excise in controlling the adverse effects of smoking on health 
is still being warned about the dangers of tobacco or cigarettes. 

KEYWORDS
Excise Tariff, System Dynamic, Tobacco Industry

INTRODUCTION

Excise is one of the sources of state revenues and gives a very important contribution to the State Revenue and 
Expenditure Budget (APBN), particularly in the sector of Domestic Revenues. This excise contributes about 8-9 percent 
of the total state revenue from all sectors (“Neraca” Magazine, 2010). According to Rachmat (2010), based on Bank
Indonesia’s Annual Report in 2008 and the Report of Excise Output Sharing Fund in 2010, the value of state revenue 
from cigarette excise revenues from 2001 till 2010 continued to increase at the average rate of 18 percent per year, and
reached around IDR 56 trillion in 2010 started from IDR 11.1 trillion in 2001. The government has also responded by
issuing social policies supporting the people reaction, such as prohibition on smoking in public places (Tanjungsari, 
2009).

Realizing the importance of state revenue deriving from the sector of cigarette excise giving very big 
contribution to the state treasury every year, the Government plans to increase the excise tariff in 2011. The policy in 
excise tariff is only applicable at two groups of tobacco factories, namely the ones producing the machine-rolled clove 
cigarette (SKM) and the hand-rolled clove cigarette (SKT). Other groups of tobacco factories (producing sliced tobacco, 
cigar, ‘klobot’ – Dried corn husk cigarette, ‘kelembak menyan’ – Aloes wood mixed with benzene gum incense cigarette, 
and others) are not subject to this policy, because the Government wants to protect them, in which they tend to be small 
in their manpower proportion and in their business development (Regulation of Finance Ministers, 2011). In term of 
economic power, it is true that poor people are very sensitive to the price (Ross & Chaloupka, 2006). Ahmad & Franz 
(2008) concluded that due to this excise increase, majority of cigarette consumers of the poor class tend to reduce the 
consumption or even not to consume the cigarette anymore and at the same time improve their health.

Due to people’s awareness and implementation of excise tariff  policy  increasing the retail price of cigarettes, 
cigarette demand will decrease, and causes the decline in company profits. When profits are declining to the point of 
bankruptcy, the tobacco industry is likely to terminate lots of its workers. Such situation makes the cigarette excise tariff 
policy dynamic and causes pro-contra opinion among people and Government. Therefore, an analysis needs to be carried 
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out to know how large the impact of excise tariff policy is to the state revenue and to the sustainability of tobacco 
industry business in order to be able to obtain the win-win solution, meaning increasing the state cash revenue and 
remains supporting the survival of tobacco industry. As well, each policy scenario should be considered properly and use
the right tools as well. The objective in this research is to predict the impact of policy scenarios on income excise tariff to 
the state revenue and to the behavior of the tobacco industry and also to obtain the suitable policy scenarios in excise 
tariff.

RESEARCH METHODOLOGY

Referring to the problems and research objectives, the first step in the research is to identify the existing 
condition of the system to be observed. Next, the causal loop using Software Stella is set up according to system 
constraints. The simulation modeling is made by using Ventana Simulation Software (Vensim). The next stage is to make 
model formulation, namely making the mathematical equation of the variables contained in the model based on causal 
loop. Once the model is verified and validated in order to know that the model has been able to represent or to describe 
the actual system. The simulation is performed to see the changes in condition of the system seen through different 
simulation outputs. Based on these outputs, it can be found out  what kind of scenarios are able to provide ideal impact  
in supporting the sustainability of tobacco industry and the state revenue from excise. Finally, the overall results of the 
study are analyzed and conclusion and suggestions are made.

SIMULATION MODEL DESIGN

Variables Identification and Model Conceptualization

In modeling a system with system dynamics approach, is necessary to an understanding of the elements related 
to identification and has contributed in the development of the system. In conceptualizing the model, the model is 
restricted by the limitation of research focus that does not include the farming of tobacco and cloves in the study, did not 
examine the health status of the community in depth, and the customs tariff system used is a system of excise rates in
2010. Input-output diagram can be seen in Figure 1. Causal loop diagram of excise tariff system in tobacco industry can 
be seen in Figure 2 and it is made to show the main variables that will be described in the model. With the existence of 
causal loops, it is understood the relationship, and how far the influence of variables on system behavior is and how the 
impacts of each variables to the others are. By referring to the model framework in Figure 3, it can be seen the interaction 
between sectors on simulation models. Figure 4 is shown about that interaction of each sector in the system modeling.

FIGURE 1
INPUT-OUTPUT DIAGRAM
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FIGURE 2
CAUSAL LOOP DIAGRAM
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FIGURE 3
MODEL FRAMEWORK
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FIGURE 4
INTERACTION BETWEEN SECTORS ON SIMULATION MODELS

System Dynamics Simulation Model

After conceptualizing the model, the next step is to formulate a model using stock and flow diagram. Stock and 
flow diagram will be able to describe the system in detail because it will pay attention to the influence of the relationship 
between the variables each time, so there will be a variable indicating accumulation results in a system called ‘level’, as 
well as a variable constituting the system activity and affecting the level, namely the rate. Mathematical formulation is 
carried out at the preparation stage of stock and flow diagram in Vensim software. Having got the model mathematically 
formulated, the model will then be able to be simulated. In order to make this research represented the real problem and 
to make author easier when build the model, problem divided in several sub model. Sub-models in this study, are 
presented below:

a. Tobacco industry Sub-Model
b. Cigarette Production Sub-Model
c. Cigarette Demand Sub-Model
d. Cigarette Consumer Sub-Model
e. Sub-Model of Cigarette Industrial Resources  
f. Excise Tariff System Sub-Model
g. State Revenue Sub-Model
h. Sub-model of Tobacco and Clove Agriculture
i. Health Level Sub-Model   

Model Verification and Validation

Verification of the model is to test the conformance of logic on the model and to confirm no errors occur on the 
model built. The verification process is done by the unit and error checking on the model. Validation of the model is to 
test whether the model has already been capable to represent or describe the actual system. Validation test is conducted 
by means of parameter testing and model output testing. The output testing is performed at the variable of state revenue 
from excise, total manpower employed in tobacco industry, and production of tobacco industry. 

SIMULATION RESULT ANALYSIS

In Figure 5-a, it shows clearly that at the existing condition, the tobacco industry profits will continuously 
proceed to positive gain every year. Although at the average it continues to increase, the graphic shown is little bit wavy, 
indicating a fluctuating net income in that year. The decrease in net income is due to the smaller rate of earnings than the 
expenditure of the tobacco industry. Thus, the annual profit gained by the tobacco industry becomes smaller. The next 
simulation result is the state revenue from cigarette excise sector as shown in Figure 5-b. The result of state revenue is 
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likely to increase steadily in certain periods. This indicates that the existing condition of the state revenue from cigarette 
excise in 2030 will increase five times as much compared to that in 2010.

FIGURE 5
SIMULATION RESULT OF:

(a) EXISTING ACCUMULATION TOBACCO INDUSTRY PROFIT
(b) EXISTING STATE REVENUE FROM CIGARETTE EXCISE

DESIGN OF EXCISE TARIFF POLICY SCENARIOS

Design of scenarios that have already been applied to existing models will give impacts to particular variables 
constituting the goal of research. Variables include accumulated profits of the tobacco industry and the state revenue. 
Scenarios organized are divided into two main scenarios each of which has several sub scenarios.

Scenario I

The first scenario is to provide a treatment change in excise rates. Basic value of excise rates is used in 2010 at 
0% and then the different number of excise rate are implemented as shown as in table 5.1. In this scenario, the 
accumulated profits of the tobacco industry will be dropped if the excise rate is increased in Figure 6-a. It is reasonable 
and appropriate logic, where the higher the excise rate, the greater the tobacco industry expenditures. Figure 6-b shows 
that scenario F and E provides higher revenues among the four other scenarios, despite declining cigarette sales as the 
high tariffs imposed. The higher the excise rate applied, cigarette consumption will decrease, so the DALY per person 
will be down. In Figure 6-c, it appears that the scenario F (blue graph) can make DALY per person declined 65 percent 
from the existing condition (brown graph).

TABLE 1
NAME SUBSCENARIO IN SCENARIO 1

Subscenario name % increasing of excise tariff
Skenario A 0
Skenario B 5
Skenario C 10
Skenario D 30
Skenario E 57
Skenario F 100
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FIGURE 6
SIMULATION RESULT OF SCENARIO 1:

(a) TOBACCO INDUSTRY PROFIT ACCUMULATION
(b) STATE REVENUE FROM CIGARETTE EXCISE

(c) DISABILITY ADJUSTED LIFE YEARS (DALY)  PER PERSON

Scenario II

Health level is indicated by the variable DALY per person. With the reduction of DALY, then that person will 
have more productive time that could have large income and spending levels followed increases. In Figure 7-a, it appears 
that the scenario F (blue graph) can make DALY per person declined 65 percent from the existing condition (brown 
graph). Scenario II simulation results on the accumulation of tobacco industry profits shown in Figure 7-b. In addition, 
when the tobacco industry has reached the cumulative gain is zero, the industry will be no longer to buy cigarette excise 
revenue that the government will be reduced and zero. It can be seen in Figure 7-c. In the DALY per person, the second 
scenario exhibits the same behavior with the first scenario. However, because the scenario II apply conditions limiting 
cigarette production, then the existing conditions scenario II (subsections G) DALY per person will be lower than 22 
percent of scenario I. Figure 7-d shows that L scenarios able to make DALY per person declined 54 percent from the 
scenario G (existing condition).
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FIGURE 7
SIMULATION RESULT OF SCENARIO 2: 

(a) TOTAL CIGARETTE PRODUCTION
(b) TOBACCO INDUSTRY PROFIT ACCUMULATION

(c) STATE REVENUE FROM CIGARETTE EXCISE
(d) DALY PER PERSON

ANALYSIS AND CONCLUSION

In the current situation, excise rates act as determining factor for continuity of business in tobacco industry. The 
higher the excise rate is, the more capable it can destroy the tobacco industry business through large expenditures for full 
payment of excise which gives huge excise revenue to the government. However, based on research, the excise revenue 
will not last for long time because the high excise tariff will reduce production of cigarettes, so that the revenue will be 
smaller. By running the simulations on existing conditions for 30 years, the condition of the accumulated profits of the 
tobacco industry will continue to increase and the state revenues from cigarette excise are also experiencing the same 
thing. This is due to non-existence of excise tariff increase on existing conditions, so that the tobacco industry is able to 
make maximum production  and the state revenues from excise will also increase (in line with the increase in cigarette 
production). The scenarios either for restriction on cigarette production or without restriction on cigarette production, the 
simulation results from the sub-scenario of excise tariff increase show that tobacco industry’s accumulated profits will 
decline in line with the high excise rate imposed. Even with excise rate increase of 57 percent (Scenarios E and K) and 
the excise rate of 100 percent (Scenario F and L), the accumulated profits from tobacco industry will reach zero, as well 
as state revenues from excise will also reduce. This condition is caused by the increase in expenditures for the full 
payment of excise giving more burdened to the production costs in tobacco industry, so that the tobacco industry will 
gradually reduce its production and will cause the state revenues from excise also decrease. From the simulation results, 
it is known that the sub-scenarios of annual excise tariff increase that will remain providing great benefits of excise 
revenue for the state and not extinguishing the tobacco industry (although any increase in excise rates leads to reduce 
profit accumulation of tobacco industry).
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ABSTRACT

The study of the development possibility by using logistics system in setting up the complete tourist service 
center for Samut Songkram province has the following objectives, i.e. to study the tourist satisfaction of the attractions in
Samut Songkram province, to study community potential and stakeholder regarding logistics management for attractions 
development in Samut Songkram province, and development possibility by using logistics in setting up the complete 
tourist service center for Samut Songkram province.  In this study, the population is the group of Thai and international 
tourists’. However, the study focused at Thai tourists by using sampling method and assigned various attractions around 
Samut Songkram as the area of study. The researchers specified sample size of approximately 400 from tourists in the 
area. The researchers used formula in calculating the size of sample in this study. 

KEYWORDS
Tourism, Samut Songkram, Community, Logistics

INTRODUCTION

The development of tourism industry in Samut Sonkram by logistics tools to reach its most efficiency point is 
one of the main focuses of Thai government’s policy. As the tourism sector is always one of the main income for 
Thailand, both local and foreign tourist always spend a massive amount of money for travel and accommodation each 
year. There are lots of important issues about tourism management such as the tourist flow management, the tourism 
information flow management and the financial flow in the tourism industry. In this research, the principle, the objective 
of the research, the research difficulty, the research limitation, the research value, the literature review, the research 
methodology, the research operation and the conceptual research framework will be mentioned. 

Principle 

Tourism is the activity which creates both manufacturing and service industry to satisfy the need of the tourism. 
Tourism also play important role for the developing of the country so the Thai government aimed to promote the tourism 
as its first priority. Samut Songkram, the smallest province in Thailand but has plenty of tourist attraction such as Don 
Hoi Lot, King Rama II Memorial Park , Amphawa Evening Floating Market, Bang Noi Floating Market , Tha Kha 
Floating Market, Bang Nok Kwaek Market , Bang Kung Barracks, Wat Bang Kung, Wat Phet Samut Worawihan, Wat 
Amphawan Chetiyaram , Wat Bang Kaphom, Wat Chula Mani, Wat Satthatham, Finding Buddha footprint model in the 
9 temples, Krom Luang Chumpon Shrine, In-Jun Siamese Twin, Salt Fields and Watch fireflies at night. The reason 
which makes Samut Songkram become the favorable choice of tourist is the location which is not far from Bangkok, so 
the tourists can explore Samut Songkram in the way they prefer (Samut Songkram Province Office, 2011). 

However the economics recession and the H5N1 crisis make a large effect to Thailand tourism especially in 
Samut Songkram which the number of tourists was decreased in both foreigner and local tourists’ As Mr.Haruhiko 
Kuroda, the president of Asian Develop Bank (ADB), mentioned “The H5N1 crisis has create the large negative effect to 
the tourism and airline industry in Asia for the past 2-3 years”. From the H5N1 crisis, Thailand’s income from tourism 
industry has been decreased so the government and the private sector start to pay more attention and promote the local 
tourism more often. Tourism Authority of Thailand (TAT) focused on Thai Culture and Conversation Tourism in 2009
by launch the “12 Months 7 Stars 9 Suns” and “Follow the King Rama V Footstep” campaign and Samut Songkram is 
one of the participated provinces that also promote the conversation tourism. The reason which Samut Songkram should 
be the part of the campaign is Samut Songkram has strongly maintained the life style and identity of itself so Samut 
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Songkram should receive the encourage from both government and private sector to improve itself to be “Ecotourism 
Province” of Thailand. Also from the second main strategy of Samut Songkram development plan which is “To make 
Samut Songkram be the center of Ecotourism as the identity of Samut Songkram” 

Moreover in 2007, the Ministry of Social Development and Human Security announced the human security 
index which mentioned “Samut Songkram is the province which has the most human security in Thailand”. 

Seven elements of the quality of life index are 

 1.Health 

 2.Education Level 

 3.Working 

 4.Physical Environment 

 5.Lifestyle 

 6.Community Environment 

 7.Culture and Belief

The human security index showed the potential of Samut Songkram in developing the quality of life in the 
community. Samut Songkram also has the qualified leader in the community such as Lieut. Patcharodom Ounsuwaan, the 
mayor of Amphawa District, who managed to develop Amphawa District by the idea of sustainable development in 
sufficient economy. Moreover the Samut Songkram is full of local network-coordinators who play the important role in 
coordinate between the NGOs and the locals such as Samut Songkram tourism club, local Samut Songkram press, Klong-
Klon mangrove forest preserve center, local artist and local philosopher. 

However the researcher also realized that there are only a few of the information centers about tourism in Samut 
Songkram which might not let the tourism industry in Samut Songkram such as transportation business, souvenir store, 
local restaurant and OTOP operation center OTOP be able to operate in its best condition and also cannot create the 
identity and become well-known to both foreigner and local tourists’ And there is no implementation of the logistics 
tools into the tourism development even though logistics is the necessary strategy to increase the competitiveness in the 
business especially the tourism business which focuses on service and the satisfaction of the tourists’ 

In a globalization world, the concept of tourism logistics is extremely important for communities that rely on 
tourism as the major source of income. Assistant Professor Komsan Suriya noted in the year 2008 that tourism logistics 
relatively similar to the subject of tourism and transport, but cover more extensive details. In fact, tourism logistics 
mainly covered the physical flow, information flow, and financial flow. 

In addition, Mingkwan Kawsa-ard, in 2010, added that tourism logistics is more sensitive than product logistic 
since tourism logistics transfer human from one place to another, also each travelers share different interest. For instance,
leisure-oriented tourist has dissimilar needs from recreational tourist and eco-tourism tourist. 

Accordingly, tourism logistics management will highlight on the importance of convenience, safety, and 
punctuality which are the basic needs for every single type of tourist. 

Logistics for tourism management in Thailand is somewhat unfamiliar. Mr Mingkwan insisted that Thailand 
still focusing on selling rather than creating management support system which is in fact, the most essential parts of 
tourism. However, both management of tourism business industry and government organization are critical elements. 
The research conducted by the Social Research Institute of Chiang Mai University, supported by the National Research 
Council of Thailand (NRCT), shows that within the South East Asia region, Thailand is second behind Singapore only in 
terms of tourism attractive but dropped down to third place after Singapore and Malaysia in terms of government 
management support. Furthermore, the study also showed that government management support is a major obstacle 
among Mekong sub-region countries since each country aimed to focus on marketing promotion but failed to improve the 
management system. 
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The researchers take into account the importance of tourism logistics or travel service system that focused on 
tourist flow management, tourism information flow, and financial flow at the same time. According to the preliminary 
survey, the researchers found that the level of Thailand’s tourist information management is adequate for local tourists 
but failed to meet the international standard for foreign travelers. Especially in providing public information, such as map 
information, lost and found, emergency service, tax refund, weather information service (weather forecast), tourism 
calendar, currency exchange, and important phone number such as the Tourism Authority of Thailand (TAT) call center, 
etc. In addition, a perfect tourism logistics means to respond to green logistics trend in order to ease up the global 
warming issues. For instance, a comprehensive tourist service center that provides information on environmental 
protection as well as mutually solving the environmental problems by using public parking lot or using shuttle bus 
service to reduce air pollution. 

The researchers pointed out that tourism logistics is very important for tourism development since ideal tourism 
logistics require collaboration as a cluster between local communities in Samut Songkram province and related 
organizations from both public and private sectors. 

The researcher interests in promoting tourist attraction in Samut Songkram province by evaluate potential of 
each community towards tourism development using logistics mechanism. Also, integrate management knowledge, 
science, political science, and political and administrative science together in Samut Songkram province to strengthen 
and fortify unity among the local people and community. The objective of the research are: to study the tourist’s 
satisfaction on the tourism attractions in Samut Songkram, to study the potential of the community and stakeholder in 
terms of logistics management and development of tourism attraction in Samut Songkram, and to develop the logistics 
framework in order to establish the tourist one-stop service center of Samut Songkram. 

For this research, the researchers might face the difficulties which are 

 1. No collaborative from the population 

In this research, the researcher expected to have a good cooperate with the populations of this research 
which are tourists, government agencies and the business owners. But for some business owners who might feel 
that the answer that was given to the researchers may affect to the business. This may cause the research 
questionnaires might not 100% correct as it should be. 

2. Area and Distance of the population 

Although the populations of this research have already been chosen, those populations spread around 
Samut Songkram. And those business owners might have a difficult in business which might cause the problem 
and obstacle to this research. 

 3. Data collection and Data Security Problem 

To ensure the population who answer the questionnaire that the information they were given will be 
safe and not publish with the name, the researcher will pay attention to the data security and the information will 
be well-collected and the name of the population will not be disclosed to the public. 

Research Limitations are as follows:

1. Area Limitation 

The metropolitan district of Samut Songkram has 11 sub-districts, Amphawa district has 12 sub-districts and 
Bangkontee district has 13 sub-districts. 

2. Content Limitation 

This research is focused on the development of tourism attraction in Samut Songkram by the logistics tools to 
improve the community. This research also focuses on the cooperative of the communities to develop the 
tourism attractions and the local law and regulation in order to study about the every feasible ways to develop 
the tourism in Samut Songkram. 
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Research Values are as follows:

 1. Community’s Benefits 

- Train the local philosopher to be the presenter of the local tourism. 
- Have a change to work and share the information with the academician in order to establish the tourist one-
stop service center 
- Create the job opportunity and increase the income of the local from the tourist one-stop service center 

2. Tourists Benefits

- Tourists will be able travel around Samut Songkram easily and comfortable. 
- Tourists will be able to receive the tourist information about Samut Songkram thoroughly. 

3. Academic Professions Benefits 

- There will be the research which support the tourism in Samut Songkram and will be the first model for 
referencing the following research about tourism. 

LITERATURE REVIEW

1. Local Community and Tourism Management

Definition of local community. 

The Royal Institute Dictionary explains that the .local community. is the area and familiar level between 
individuals as well as the certain fundamental bond that makes a difference to the neighborhood. It has a limit self 
sufficiency economy compare to the social. By the way, local community has a closer and deeper sympathy that toughen 
integrity such as race, national origin, and religion. Such meaning is conform to the one provided by Chayan 
Wattanabhumi (2537:43) , stated that .local community. is a village where each member of society share a kinship and 
has a close relationship between one another in both formal and informal ways. Most of the members are work in 
agricultural and related fields, share social value of supporting each other as well as retain some aspects of traditional life 
in the midst of change causing by development process and modernity. 

Sproule stated that .community. is a group of people who lived in the same geographic area and share a marriage 
relationship, religious belief, political aspect, or companionship. 

Moreover, Prawet Wasi (1992) indicated that .local community. is an integration of a group of people who share 
the same objective regardless of the exact geographic area. The group mutually interact, given generosity, conduct 
activity, learning about community, and establish a local organization which is not the district council. 

However, district council is a government organization while local administration mainly organized by villagers 
with an aim to manage their local tasks as much as possible as well as forming a policy on forest and other resources 
management to connect with other communities as a network. 

2. Tourism management in local community 

Community readiness 

The readiness of the community is the ability of community to participate in tourism management. 

1) Resources availability: Ecosystem related tourism, for example, the community with internal/external resource with 
noticeable ecosystem or having community relation both in terms of utilization and conservation, etc. 

 2) Having a local organization or group of people with interest in ecotourism management in parallel with other function 
of community management. 

 3) The internal and external cooperation or interaction about conservation, tourism, education and public health which 
resulted in learning awareness. Pride development within community pride. Thailand Institute of Scientific and 
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Technological Research (TISTR), stated that the community will be carried out effectively, showing public involvement 
extensively on the basis of self sufficiency and operated by the three main principles, 

 - Each member must be able to participate in the decision making on local development. 
 - Each member must put utmost afford in attempt to improve their community. 
 - Each member must be able to share the benefits of development equally.

3. Development of tourism professionals. 

The Tourism Authority of Thailand has given emphasis on development of tourism personnel. Providing 
essential information plus training session towards student, undergraduate, tourist guide, public official, employee, monk, 
and novice as well as those evolved in tourism-related businesses, for instance, receptionist, food service staff, chauffeur, 
street vendor and etc. 

The training will focus on providing knowledge about the environmental preservation, instructing volunteers to 
facilitate travelers as well as maintain tourism resources. 

The success of tourism personnel development reflected three aspects of the mission including services, safety, 
and sustainability. As the result, the National Institute of Tourism Development has been established to instruct the main 
objectives, for example, to set up a team to provide a human resource development and strategic plan for tourism-related 
field, to support and coordinate with relevant agencies to prepare a training plan for the establishment of the National 
Institute of Tourism Development, also to set the benchmark for human resource development for tourism and 
curriculum development (Tourism Authority of Thailand, 2004) as follows. 

 1. Promote the development of service officer. 
 2. Promote the preservation and rehabilitate of the environment. 
 3. Encourage the participation of the local community. 
 4. Create the good tourism image. 
 5. Assign the focus group and develop the marketing plan. 
 6. Continuously publicize the tourism. 
 7. Develop the tourism attractions. 
 8. Develop the tourism activities to promote the tourism. 
 9. Develop the quality of local souvenir and the distribution of the souvenir. 
 10. Develop the readiness and service quality of the service facility. 
 11. Develop and improve the public utility. 
 12. Develop the primary information technology and the E-commerce system. 
 13. Develop and control the security system. 

4. Tourism 

World Tourism Organization or UNWTO defines the meaning of tourism as “The travel which travel for the 
recreational, leisure or business purposes.” 

But there are several meanings of “Tourism” which are 

Mclntosh and Gocldner (1989) said “Tourism is the result of the phenomenon and relationship between the 
tourist and service operator which relate to the activity that can cause the satisfaction to the tourist or visitor.” 

Berkarty and Medlik (1985) mentioned that “The definition of “Tourism” that was accepted in academic world 
is from The international Association of Scientific Experts in Tourism (AIEST) which was define by Hunziker and Kraft. 
Hunziker and Kraft define “Tourism” as the result of the experience and relationship from the travelling and temporary 
sojourning.” 

Gee and Choy (1989) said “Tourism is the travel which make the traveler enjoy the trip and the traveler is the 
tourist.” 
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International Union of Official Travel Organization defined the definition of “Tourism” as 

 1. Temporary travel from the regular habitat to the other place.
 2. The travel must be voluntary from the tourist. 
 3. The travel must not cause by work. 

Seksan Yongvanich (1998) described the meaning of “Tourism” as “Tourism is the travel from the normal 
habitat to the other place temporary by the voluntary and because of the other reason than working and earning income.” 

RESEARCH METHODOLOGY

The methodology of this research will be the area survey and in-depth interview with the focus group in order to 
collect the satisfaction data of both local and foreign tourists in Samut Songkram and the potential of the local 
community and logistics stakeholder in Samut Songkram which are travel agency, touring guide, transport company, 
local restaurant, souvenir store, accommodation sector and government agency. 

The varieties and numbers of the tourism attractions in Samut Songkram, the increasing of the tourists, the 
inappropriate management of the tourism activities and the lack of linkage between each tourism attraction are the 
important problems of Samut Songkram’s tourism. As well as the lack of the connection between the tourist information 
center in Samut Songkram and the effective public relationship to the potential tourist are the problem of Samut 
Songkram’s tourism too but in terms of information flow. 

The researchers expect the potential of the Samut Songkram tourism will increase and the tourist, the 
community and the stakeholder will receive the benefit from the tourist one-stop service center in Samut Songkram. So 
the tourist’s satisfaction will increase and the efficiency of Samut Songkram tourism will increase and sustain. 

This research process has been designed to 8 processes which are 

 1. Research Methodology 
 2. Conceptual Framework 
 3. Research Question 
 4. Research Hypothesis 
 5. Population and Sampling Procedure 
 6. Data Collection 
 7. Data Processing and Analysis 
 8. Data Interpretation and Reporting 

This research will operate by the following 10 processes which are 

 1. Study the current situation and the opportunity of the research study then create the research topic. 
 2. Assign the objective and research question to find the answer of the research. 

 3. Design the methodology and choose the research tools to find the answer of the research. 

 4. Collect the data in both qualitative and quantitative data. There are 2 types of data which are primary data 
and secondary data. Primary data are questionnaires, interviewing and focus group meeting. Secondary data is to 
research the existed research. 

 5. Data gathering process. 

 6. Analyze the data by using the statistic program and test the assumption. 

 7. Create the draft of the research. 

 8. Collect the comments of the research and edited the research. 

 9. Submit the research to the funding organization. 
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10. Submit the finished research. 

CONCEPTUAL RESEARCH FRAMEWORK

Conceptual Research Framework is important because it will help the research and the reader of this research 
can clearly understand the necessary of this research. The main issue is the tourism attractions in Samut Songkram 
because nowadays the tourism business is very important to the country income so to apply the logistics tools to the 
tourism business, the planning of the tourism attractions and tourism activities is necessary. 

As the tourist in Samut Songkram is increasing constantly, this research will study the tourists’ satisfaction of 
the tourism attractions in Samut Songkram and also study the potential of the community and stakeholder to manage the 
logistics and develop the tourism attraction in order to apply the logistics to improve the tourism attraction efficiently. 

This study will be the framework to improve the tourism business in Samut Songkram by establishes the tourist 
one-stop service center in Samut Songkram. And it will be associated with the study of the tourism business of the Samut 
Songkram in physical flow such as tourist movement, tourist’s baggage movement and comfortable of the trip, 
information flow such as tourist’s information, signs, instructions of each tourism attractions and cautions of each 
tourism attractions and financial flow which are the convenient of payment of transportation cost and accommodation 
cost. This will be the roadmap to develop the tourist one-stop service center in Samut Songkram which will increase 
efficiency of the tourism planning and promote the tourism sustainably.

FIGURE 1
RESEARCH FRAMEWORK

       Independent Variables Dependent Variables 

Tourist

Community and 
Stakeholder in 
Samut Songkram

Satisfaction in Samut Songkram’s 
Tourist Attrcttion

Developed ROAD MAP by Logistics 
in established the tourist one-stop 
service center in Samut Songkram

Logistics Potential to develop 
Samut Songkram’s Tourist 
Attraction
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CONCLUSION AND RECOMMENDATION

Studying research about guidance to develop logistic system to establish one-stop service for tourists in Samut 
Songkarm has the following objectives 

1. Studying about the satisfaction of tourists to attraction area in Samut Songkarm 
2. Studying about potential of community and stake holder of logistic management to attraction area in Samut Songkarm 
3. Guidance the developing logistic system to implement in established one-stop service for tourists in Samut Songkarm 
province 

Population in this study was Thai and foreign tourists group but in this study focused on Thai tourists group by 
sampling in studying area was around attraction areas in Samut Songkarm province. Specifying size of tourist population 
in term of number coming in Samut Songkarm average are about 400 persons. Researcher inspected the perfection of 
questionnaire episode that they were completed for 397 copies, not completed for 3 copies that they were unable taken in 
processing so they were calculated by sampling formula. This research was prepared by collected data to analyst such as 
questionnaire had the studying of concept and theory related Chapter II in order to take it to be guidance for this study 
and research to reach the target specified by separate questionnaire for three sections as follows 

Section I. General data of respondents such as gender, age, education, career, average income per person, 
current address, province/country, family member and status 

Section II. Data about the satisfaction of attraction area in Samut Songkarm 

Section III. Data about the potential of logistic management to develop attraction areas in Samut Songkarm 

Section I. General data of respondents such as gender, age, education, career, average income per person, current 
address, province/country, family member and status 

This study found that tourists who answered the question was women for 52.6% and man 47.4%. From data 
shown that tourists who answered the question had the proportion between man and woman almost to be equal, it might 
affect travel at Samut Songkarn to be couple or group so the proportion between man and woman was not more 
difference. From tourist data their age were during 13-20, 21-28, 29-39 and 37-44 year-old, those ages shown that mainly 
they were the teenage, working age, and family group. The most ages was working age because this age preferred to 
relax by traveling after work. Who answered the questionnaire was Thais at 100 percents from data shown that all of 
them were Thais. Thais preferred to go to Samut Songkarm, which was the attract area, than foreigner. Tourists group 
lived in ten provinces that the most they traveled at Samut Songkarm from data shown who answered the question lived 
in Bangkok and around Bangkok due to Samut Songkarm province was near these provinces and convenient 
transportation also taking a bit time included it had several attraction areas and beautiful places. From data shown that 
tourists who answered the question mostly they were single also the most attraction places was working age. Most of 
them were single and working age. The youths were not married so they preferred to free travel because it had several 
attraction areas. The tourists group who answered questions were mostly graduated Bachelor’s degree because who 
answered question were working age from Bangkok and around Bangkok that they preferred to travel in Samut 
Songkarm province. Tourists who answered the question were mostly studying Bachelor. s degree who traveled during 
weekend included government officer and private company. Tourists group who answered question mostly had income 
between 5,000 and 20,000 Baht; they were grade B or middle level because Samut Songkarm province was the attraction 
area which had expenditure not much high. The objectives of the most tourists who answered the question was relax, it 
was the convenience area and many beautiful places, expenditure not much also it was optimal with traveling on 
weekend. The most tourists who answered the question known more about Amphur Amphawa as the reason Amphur 
Amphawa had been advertised and public relation or PR that made the tourists remember about the places and when they 
traveled to Amphawa, they were impressed also this place was beautiful, good atmosphere, traditional community, and 
traditional culture of life style so this point become tourists were well-known about Amphawa. 

Section II. Data about the satisfaction of tourists to attraction area in Samut Songkarm 

From studying about the attraction areas in Samut Songkarm province was found that the tourists had 
experience to travel at Samut Songkarm. The most tourists who answered the question had never been there that was the 
first time of them. From data analysis was found that tourists had been there at the first time then they had been repeated 
there or more have been there than two times at this point shown that Samut Songkarm had the potential to create the 
impression and interesting for tourists to repeat coming back. The season when tourists preferred to travel was during 
April to September when was the long weekend or many festivals for example Songkran festival, end of semester of 
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students and in summer season had be boosted about tourism because Samut Songkarm had many natural places and 
floating market as the result they could be good to relax. The characters of tourists to travel at Samut Songkarm were 
friends group or family or tour group, training, and seminar because attraction areas were concerned about traveling of 
natural, cultural and floating market that to be optimal with those travels. The most travel groups was the middle size for 
group members since 5 till 10 persons another character which was the family group was big size group was the number 
of tourists more than 20 persons this character group was the held-seminar and most character was tour group. The 
vehicles for tourists going to Samut Songkarm was popular divided for two kinds one was the private car which was the 
family another kind was the tour group service car like the bus which was the vehicles able to obtain many number 
tourists’ The most tourists in Samut Songkarm were a day travel due to attraction area in Samut Songkarm was near 
distance and convenient transportation. For tourists went to the Samut Songkarm if they stayed overnight, they preferred 
to the resort mostly because it was good atmosphere and nature also it made tourists felt they were a part of there; 
moreover, they could absorb the cultural and life style of Samut Songkarm community. Tourists liked floating market the 
most due to floating market was famous and well- known in Samut Songkarm. The selling point was the life style of 
riverside person integrated with eating culture of local person and natural environment was the main point for tourists to 
remind Samut Songkarm province. On the whole the feeling of tourists to attraction areas in Samut Songkarm province 
mostly they were impressed. From this tourists analysis group was probably they went to Samut Songkarm in the first 
time another group they felt indifferent might be they went to Samut Songkarm many times but those feeling to be 
happened on tourists affected the repeating tourism here 

Section III. Satisfaction of tourists to attraction areas in Samut Songkarm province in term of potential of 
community and stakeholder of logistic management to attraction area in Samut Songkarm 

From studying about satisfaction of tourists to attraction areas in Samut Songkarm province in term of the 
potential of community and stakeholder of logistic management to attraction area in Samut Songkarm was found that the 
providing service for tourists had influence factors to make a decision traveling in Samut Songkarm province for 
example the quality of route to go to attraction areas which was made the convenient transportation also to consider 
about the distance included quality of the resting place such as resort, hotel and home stay if the resting place has be 
created to selling point in attraction areas, apparently the tourists were impressed as a result tourists have decision to 
travel there again additional to create the variety for tourists to access the services and to create the satisfaction to tourists 
at middle level. The service was surveyed by accessing service of tourists’ In term of facility to buy the car and train 
ticket place saw that these service the tourists were difficult to access also had not facility serve to them. Not only the 
news provided for tourists they could be good to access but also news of attraction areas and public attraction activity 
they could communicate that both of them were made tourists good understood. The subject was providing transportation 
service and communication were analyzed about the using service of tourists become fast to transport by car at attraction 
areas in Samut Songkarm which had many routes to access so the distance of transportation was reduced therefore 
tourists were satisfied. Satisfaction of tourists to attraction areas in Samut Songkarm province in term of taking care 
tourists and made them impressed was quality of food service in attraction areas because of the major attraction areas 
which tourists preferred to go there were floating market which was the variety of foods service and good test for tourists 
together with environment and local culture, all of these made more and more tourists impressed. As a matter of fact 
providing the security officer guarded in attraction areas that shown about taking care tourists and made them impressed 
and they felt encouraged more that there was officers to take care. Satisfaction of tourists to attraction areas in Samut 
Songkarm province in term of facilities about the providing service to tourists still not covered and not met standard 
particularly public transportation car service also still not be comfortable and had not quality for tourists actually this 
service was necessary for them and might be developed more quality. Satisfaction of tourists to attraction areas in Samut 
Songkarm province in term of safety was created the confidentiality for tourists, for instance not only safety on the route 
of tourists both the route to go to Samut Songkarm province and connecting route from attraction area to another 
attraction area were been comfortable and easy to access as the result they could take a bit time to arrive there but also 
safety of tourists using service was main attraction areas in Samut Songkarn for example floating market, temples and 
museums were both in charged and assisted by officers in community consequently tourists felt safety in that attraction 
areas in Samut Songkarm province by the way the quality of foods was important at attraction areas in Samut Songkarm 
where had the good test foods service which was healthy standard cooking in this province because it was cooked by 
natural material and fresh from local as a result it made tourists believed in that foods when they eat. Satisfaction of 
tourists to attraction areas in Samut Songkarm province in term of friendly environment, tourists had the ideas doing not 
both leave garbage and pollution from vehicle were important things therefore these pollutions would be either 
destruction nature or destruction traditional life style of Samut Songkarm community so these were the selling point of 
this province beside tourists went to there because it has good atmosphere, no pollutions and noise in significant 
attraction areas. Satisfaction of tourists to attraction areas in Samut Songkarm province was attractiveness tourists hence 
it was interesting and variety of attraction areas for instance floating market was not only the tourism center but also sold
the feature riverside community and good test foods included environment of traditional culture community or ancient 
beautiful temples, Samut Songkarm was the one province which had most temples in Thailand as the result tourists 
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needed to travel as oriented Buddhism mostly they were missed Samut Songkarm such another one province for the 
activity of attraction areas, connecting with other activities had been related and combined any way time management 
and attraction areas were combined so interesting and variety of goods, gifts of Sumut Songkarm were been quality 
product this mean that was the symbol of Samut Songkarm. Satisfaction of tourists to attraction areas in Samut Songkarm 
province in term of entertainment during transportation, interesting in the route during transportation were important 
because of Samut Songkarm was small and it had many places interesting and holding tourism activity related additional 
tourists could be complete travel within one day also there were many activities interesting such as giving the foods 
offering to monks in the morning, sailing to pay respect to Buddha, going to floating market and sailing to see firefly 
were activities held to boost entertainment for tourists impression. Satisfaction of tourists to attraction areas in Samut 
Songkarm province in term of facility provided for tourists who were most impressed with restaurant, clean and good test 
because Samut Songkarm was the source of fresh and new seafood the most important was it was not high price so 
knowledge center was covered and accessed by tourists who were served by this center very good another thing about the 
gift shop and souvenir not only had many products but also had feature and telling that it was products from Samut 
Songkarm further to create tourists were good impressed and remember. 
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ABSTRACT

Currently, supply chain management is a component of organization. The company requires agility in supply 
chains to manage disruption risks. The risk in supply chain is a potential variation of outcomes which effect to the 
decreasing of operational efficiency. As such, nowadays risk management is one of the most important issues in supply 
chain topic. The aim of this paper is to review sources of supply chain risk to identify key influence factor for mitigating 
supply chain risk in order to improve uncertainties. Category sources of risk  can be classified into six categories i.e. 
marketing risk, supplier risk, manufacturing risk, deliver risk, information risk and environment risks.

KEYWORDS
Influenced Risk, Supply Chain Risk Management

INTRODUCTION

Today, manufacturing supply chains tend to be global in nature, comprised of complex interactions and facilities 
geographically distributed across regions and countries [1]. Global competition is intensifying and supply chains are 
becoming longer and more complex, the likelihood of not achieving the desired supply chain performance increases, 
mainly due to the risk of supply chain failures [2]. However, coupled with these benefits that entice firms to go global are 
the uncertainties and consequent risks that managers face in global supply chains. As Barry [3] argues that, “An
enterprise may have lowest over-all costs in a stable world environment, but may also have the highest level of risk – if 
any one of the multiple gating factors kink up an elongated global supply chain”. 

Risk in supply chain is a critical issue since companies, which are unable to manage it, are likely to suffer in 
terms of performance. Poorly managed risks can lead to inaccurate forecasting, lower product quality, decrease in 
turnover and share price, loss of reputation, poor relationships with the organization’s stakeholder. Supply chain risk is a 
potential threat to the supply chain system because many risk factors can affect an operation of the supply chain. As such, 
it is rather important for enterprises participants to better understand and identify these possible factors. 

The purpose of this paper is to introduce a structured and systematic approach to definition of influence factors 
in supply chain risk management, In addition, the interaction of different risks in the global environment is explored. 
Second, the process flow of supply chain management a network of materials and information is explained. Third, six 
category in the process of risk management are explored, i.e. marketing, supplier, manufacturing, delivery, information 
and environment.
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BACKGROUND
Defining Risk

A literature surveys on risk management reveals that there are many discussions about “risk” but few of them 
are clear and provide concise definitions [4],[5]. Table 1 shows some definitions of risk from the literature.

TABLE 1
DEFINITION OF RISK

Authors Definition
Markowitz (1952)

Rowe (1980)

March and Shapira
(1987)
Lowrance (1980)

Miller (1991)

Yates and Stone (1992)

Chiles and Mackin (1996)
Mitchell (1999)

The concepts “yield” and “risk” appear frequently in financial 
writings. Usually if the term “risk” were replaced by “variance 
of return,” little change in apparent meaning would result.
Risk is the potential for unwanted negative consequences to arise 
from an event or activity.
Risk refers to the negative variation in business outcome 
variables such as revenues, costs, profits, etc.
Risk is a measure of the probability and severity of adverse 
effects.
Risk refers to the variance in outcomes or performance that 
cannot be forecasted ex-ante.
Risk is and inherently subjective construct that deals with the 
possibility of loss.
Risk refers to the possibility of loss.
Risk is defined as a subjectively determined expectation of loss; 
the greater the probability of this loss, the greater is the risk.

Risk drivers arising from the external environment will affect all organizations, and can include elements such 
as the potential collapse of the global financial system, or wars. Industry specific supply chains may have different 
degrees of exposure to risks.  Each organization must respond to risks, but there are many alternative ways in which the 
process used can be applied. Risk must first be identified. Monitoring and review requires measurement of organizational 
performance. Once risks are identified, responses must be selected. Risks can be mitigated by an implicit tradeoff 
between insurance and cost reduction. Most actions available to organizations involve knowing what risks the 
organization can cope with because of their

Supply Cain Risk Management

Supply chain risk is defined by the distribution of the loss resulting from the variation in possible supply chain 
outcomes, their likelihood, and their subjective values. Supply chain risks comprise risks due to variations in information, 
material, and product flows, which originate at the original supplier and lead to the delivery of the final product to the 
end user. Thus, supply chain risks refer to the possibility and effect of a mismatch between supply and demand. 
Furthermore, risk consequences can also be associated with specific supply chain outcomes, such as supply chain costs or 
quality [1].

Traditional supply chain management has also expanded to include responsiveness, leanness and agility. These 
three issues cause an increase in supply chain complexity and a shift of attention towards risk [7],[8] (Figure 1).

Risks from a supply chain are difficult to manage for three primary reasons [9].
- They can be difficult to identify because of the mutual interactions;
- They can arise in every echelon of the supply chain; and
- There are fewer well-defined tools and techniques for SCRM.
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FIGURE 1
THE EVOLUTION OF KEY FOCUS AREA OF SUPPLY CHAIN MANAGEMENT

Source: Guido J. et. al (2008), Norrman and Jansson, (2004)

There are four basic approaches to mitigate the impact of such supply
chain risks [10] : 

          -     demand management: coordination with downstream partners to 
                influence demand in a beneficial manner;

- product management: change in product or process design in order to make more fluent the material flows in 
the supply chain;

- information management: coordination and collaboration among supply chain partners by sharing 
information; and

- supply management: collaboration with upstream partners to ensure efficient and effective supply of 
materials.

A supply chain is referred to an integrated system which synchronizes a series of inter-related business processes in order 
to:

(1) acquire raw material and parts
(2) transform these raw materials and parts into finished products
(3) add value to these products
(4) distribute and promote these products to either retailers or customers
(5) facilitate information exchange among various business entities (e.g. suppliers, manufacturers, distributors, 

third-party logistics providers, and retailers)

The main objective is to enhance the operational efficiency, profitability and competitive position of a firm and 
its supply chain partners [11].

A typical supply chain is simply a network of materials, information and services processing links with the 
characteristics of supply, transformation and demand. The term ‘supply chain management’ has not only been used to 
explain the logistics activities and the planning and control of materials and information flows internally within a 
company or externally between companies [12], The company’s supply chain can be shown as Figure 2. A supply chain 
is comprised of six main business process management consist of marketing, supplier, delivery, manufacturing, 
information and environment.
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FIGURE 2
COMPANY’S SUPPLY CHAIN

INFLUENCING FACTOR OF SUPPLY CHAIN RISK MANAGEMENT

The literature of supply chain risk management classifies risk into six categories consist of marketing risk, 
supplier risk, delivery risk, manufacturer risk, information risk and environment risk as shown in Figure 3. Table 3 
gathers sub category and its factors of each type of risk from the literature in this area. 

FIGURE 3
SUPPLY CHAIN RISK MANAGEMENT
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TABLE 3
SUPPLY CHAIN RISK CATEGORIES

Category Sub category Risk factors References

Marketing

Strategy Marketing strategy [22]

Demand Inaccurate forecasts
The enlargement of price elasticity of demand

[6],[18],[19], 
[24],[29]

Environment

Competitive
Economic downturn
Ecxchange rate
Sale contract
Industry Volatility

[6],[14],[17],
[18],[21],[23],

[29]

Information Information distortion [19]

Price
The market price fluctuations of product , material
Unexpected material price due to allocation , yield, 
specification problems,

[17],[24]

Product

Product market
Substitution alternative product
Obsolescence / New technology
Failure of new products in the marketplace
Shorter product lifecycle

[6],[14],[25],
[27],[29]

Supplier

Quality , Cost, Deliverly
Production capability
Supplier selection risk
Single source of supply
Coordination

[6],[17],[18],
[19],[20],[22],
[24],[26],[29]

Manufacturer

R&D

Low standardization
Experienced engineers and cycle time of design
Low level technical innovation
Misunderstanding and mismatch

[22],[23]

Quality Missing parts due to late delivery, quality defects, instability 
of supplier's country [6],[17]

Production

The shortage of inventory
Production capacity , flexibility
Unable control cost (labor cost, material cost, production cost)
Quality, Communication
Unable to meet customer specification , Design change
Equipment implement

[6],[12],14],
[18],[19],[21],
[22],[24],[26],

[29]

Planning
Incorrect forecasting , Manual adjustment , Decision-making 
error [13],[18],[22],

[26]

Delivery

Logistics capability (labor, cost, experience, facility)
Custom clearances at ports / time penalty
Transportation breakdowns / interrupt
Port capacity and congestion
Process / Technology
Packaging process
Shipping companiesm Logistic service provider
Cooperation

[15],[16],[18],
[19],[22],[23],

[24]
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Information
Information (security, visibility, accuracy, sharing, system)
Bullwhip effect
Information interrupt

[6],[16],[21],
[22],[23],[24]

Environment

Disruption
Natural disaster (typhoons, earthquakes, floods and fires)
Terrorism and wars
Labor disputes / Strike

[6],[14],[18],
[19],[21],[23],

[26],[29]

Political Political
Social order

[14],[17],[18],
[19],[21],[23],

[29]

Macro
Political

Exchange rate
Econimic depression / Inflation
World economic, Energy crisis

[14],[18],[21],
[23],[29]

Policy risk
Import/export restriction
Copyright and intelligent property, Law
Environment standard

[6],[17],[18],
[21],[22],[23],

[29]

Marketing Risk has occurred from many factors. In conditioin of demand has come from inaccurate forecasts and
enlargement of  price elasticity of demand can effect with the demand forecasting in the market which make the firm 
predicts the wrong volume if we predict with high volume to provide in low demand market. It means overstock. 

In case the marketing strategy have to survey and get the information distortion about the  4 Ps. That research 
will make the mistake in every steps of all processess. Also the market price fluctuations of raw material and finished 
product even the unexpected material price due to allocation ,yield problem and specification change. It may cause set up 
the unreasonable price in the market and be unattractive to the customers and product market no failure in the 
marketplace and have to leader new technology of the market

Supplier Risk is the external factor that we have to control because it effect with the line production to provide finished 
goods in the market on time. The supplier performance such as production capacity, quality control of finished goods and 
transportation is important. Supplier selection is the most important for the success of firms. The first step of the 
activities in the product realization process starting from the purchasing of material till to the end of delivering the 
product. 

Manufacturer Risk becomes from the business owners. They must set up the efficiently working process in their 
factory. Each section ( R&D ,  Quality, Production and Planning) should have control because the risk in this parts is 
internal factor that we can control in ourselves. 

R&D ; the  loss of development new production is Long redesign cycle time effect  to launch on the market on 
time.  Parts development to low standard and quality has occurred from lack of experienced engineers.

Quality control ; the inefficiency process may cause the missed raw material go through the production line and 
will make the product defect that is not only has the cost for rework at site and also discredit the product brand.

Production ; has occurred from many factors because is center to assembly finish good product.  The shortage of 
inventory cannot production, production capacity effect to cannot send product to customer on time, unable control cost 
effect, the poor quality  and instability of production lead time , both of them are  the most important risk that we should 
be concerned because it may cause continuous problem.  It can be seen that the line production is inefficiency. The line 
production is the key point for the manufacturer. 

Planning ; we must plan from forecasting market demand the right figure of each product match with the 
delivery date to the customer and clear decision making error .  The delay delivery is come from incorrect forecasting 
from planning so we should make sure that raw data is correct and the tools to predict suitable for that kind of product.
Delivery Risk is the inability to deliver the product customer on time is important. The logistics will help us to carry the 
product to the destination but if we have to face with limited logistics capability and transportation breakdown. The 
product will be delay delivery. Port and shipping company we deal must be a professional enough to manage the 
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shipment. Furthermore, long distances reduce logistics flexibility and affect the performance of logistics. Their 
relationships with these suppliers and providers’ capabilities often lead to potential delivery risk especially with an urgent 
service order.

Information Risk is leakage on the supply chain’s material and information flow the problem of information leakage 
caused between a supplier and the manufacturer has occurred from accuracy of data and bullwhip effect. 

Environment Risk the external factor that we cannot control such as natural disaster, terrorism, war and strike from 
labor besides the policy risk which consist of copyright and intellectual property is a constraint the new business to 
produce imitate the product to the market.

CONCLUSION

Enterprise supply chain risk management is an important. This  research to identify influencing risk factor and 
directly affect to marketing risk, marketing risk, supplier risk, manufacturing risk, deliver risk, information risk and 
environment risks, which manager’s experience to understand and evaluate the risk factors and must consider of critical 
issues by category  and managing risk from up steam and down stream enterprises of supply chain operations.  
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ABSTRACT

The Association of Southeast Asian Nations (ASEAN) has been the representative of regional economic 
cooperation and integration among developing countries. As part of the structural changes of the world economy, 
ASEAN has implemented intra-regional economic cooperation since 1976. The new goal is the establishment of the 
ASEAN Community which consisted of three pillars; ASEAN Political-Security Community, ASEAN Economic 
Community, and ASEAN Socio-Cultural Community. Since ASEAN has also been an important axis of regional 
economic cooperation and free trade agreements (FTA) in Asia and Pacific’s. A big step toward realization of ASEAN 
Community is the Southeast Asia regional economic integration into ASEAN Economic Community (AEC) within 2015.
As economic integration, AEC is dealing directly with economic stuffs. The part of AEC that impacts directly not only 
the ASEAN’s entire members, which all of them are APEC’s member economies too, but also represent the possibility 
and potentiality of a real regional integration, rather it be successfully established among the economics vary of 
members, or facing obstacles of cooperation. This paper will study about characteristics and elements of AEC, ASEAN 
preparations for AEC, challenges and how AEC impacts on APEC as a portrait of regional economic integration.1

The AEC will establish ASEAN as a single market and production base making ASEAN more dynamic and 
competitive with new mechanisms and measures to strengthen the implementation of its existing economic initiatives; 
accelerating regional integration in the priority sectors; facilitating movement of business persons, skilled labour and 
talents; and strengthening the institutional mechanisms of ASEAN. As a first step towards realizing the ASEAN 
Economic Community, ASEAN has been implementing the recommendations of the High Level Task Force (HLTF) on 
ASEAN Economic Integration contained in the Bali Concord II. At the same time, the AEC will address the development 
divide and accelerate integration of Cambodia, Lao PDR, Myanmar and Viet Nam (CLMV) through the Initiative for 
ASEAN Integration and other regional initiatives. Other areas of cooperation are also to be incorporated such as human 
resources development and capacity building; recognition of professional qualifications; closer consultation on 
macroeconomic and financial policies; trade financing measures; enhanced infrastructure and communications 
connectivity; development of electronic transactions through e-ASEAN; integrating industries across the region to 
promote regional sourcing; and enhancing private sector involvement for the building of the AEC. Based on the above 
and taking into consideration the importance of external trade to ASEAN and the need for the ASEAN Community as a 
whole to remain outward looking, the AEC envisages the following key characteristics: (a) a single market and 
production base, (b) a highly competitive economic region, (c) a region of equitable economic development, and (d) a 
region fully integrated into the global economy. These characteristics are inter-related and mutually reinforcing. 

KEYWORDS
Southeast Asian, Economic Cooperation, Developing Countries, Free Trade Agreement

INTRODUCTION

Characteristics and Elements of AEC

The AEC is the realization of the end goal of economic integration as espoused in the Vision 2020, which is 
based on a convergence of interests of ASEAN Member Countries to deepen and broaden economic integration through 
existing and new initiatives with clear timelines. In establishing the AEC, ASEAN shall act in accordance to the 
principles of an open, outward-looking, inclusive, and market-driven economy consistent with multilateral rules as well 
as adherence to rules-based systems for effective compliance and implementation of economic commitments.

                                                             
1Association of Southeast Asian Nations. Asean Economic Community Blueprint. Indonesia, 2008.
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Incorporating the required elements of each characteristic in one Blueprint shall ensure the consistency and coherence of 
these elements as well as their implementation and proper coordination among relevant stakeholders.

The ASEAN Economic Community (AEC) is one of the three ASEAN Community Councils. Its goal is to seek 
regional economic integration by 2015.  The areas of cooperation include

human resources development and capacity building
recognition of professional qualifications
consultation on economic and financial polices
trade financing
infrastructure and communications connectivity
electronic transactions through e-ASEAN
industrial integration to promote regional sourcing
enhancing private sector involvement for the building of AEC

In short, the AEC will transform ASEAN into a region with free movement of goods, services, investment, 
skilled labor, and freer flow of capital.

From ASEAN to AEC

A key characteristic of the AEC is a single market and production base. Progress was made in this area with the 
signing of three key agreements: a) the ASEAN Trade in Goods Agreement, b) the Protocol to Implement the 7th 
Package of Services Commitments, and c) the ASEAN Comprehensive Investment Agreement, at the 14th ASEAN 
Summit in Thailand, 2009. These agreements provide a streamlined, consolidated, predictable and transparent set of rules 
to achieve the goal of a single market and production base by 2015.

Building a highly competitive economic region is another prominent feature of the AEC. To promote fair 
competition and business practices, efforts are underway to support the ASEAN Member States to put in place 
competition policies and laws. Recognizing that a robust infrastructure is vital to a region’s competitiveness, three key 
agreements relating to air freight services, air services and inter-state transport were signed in 2008. Other elements that 
contribute towards this goal are intellectual property rights, consumer protection, taxation and e-commerce. Narrowing 
the development gap in ASEAN and the development of Small and Medium Enterprises (SMEs) are the key to achieving 
equitable economic development in the region. The second work plan for the Initiative for ASEAN Integration (2009-
2015), or IAI Work Plan 2, was developed to drive efforts in narrowing the development gap towards AEC by 2015. 
Strategies will also be developed to engage and enhance the competitiveness of SMEs. In the pipeline is a stock-taking 
exercise of the ASEAN Policy Blueprint for SME Development (2004-2014)2

In addition, ASEAN endeavors to maintain ASEAN centrality by strengthening its commitment towards 
achieving the AEC by 2015. This process is facilitated by the AEC Scorecard mechanism which tracks the 
implementation of measures contained in the blueprint and the progress towards the vision. The participation of key 
stakeholders in the process is also crucial, and this is where the AEC Communications Plan plays a part – to inform and 
engage them in community building. In conjunction with the AEC Awareness Year 2008, several activities have been 
carried out by the ASEAN Member States such as seminars, forums and the production of information materials. Amidst 
the backdrop of the global economic turmoil, ASEAN’s best strategy moving forward is to stay focused on economic 
integration, on regional cooperation and on wider ASEAN Community building

. Recognizing the interdependency with 
world economies and the importance of an outward-looking posture, ASEAN continues to pursue full integration into the 
global economy. ASEAN recently signed a comprehensive economic agreement with Australia and New Zealand 
collectively, and an investment agreement with the Republic of Korea.

3

                                                             
2 http://www.business-in-asia.com/asia/asean_economic_community.html, Retrieved 17 May 2012.
3ASEAN, Implementing the roadmap for an ASEAN Community 2015: http://www.aseansec.org/publications/AR09.pdf 

.

According to the roadmap for ASEAN Community 2015 each members state are focusing and preparing on 
developing their regulations, logistics including capacity on trade and investment for it. Under the AEC, a single regional 
common market of ASEAN countries will be created by 2015. The regional integration's objective is to create a 
competitive market of over 600 million people in ASEAN countries. There will be free flow of goods, services, 
investment capital and skilled labor following the liberalization. These will include tariff reductions and streamlining of 
certain administrative procedures. Many businesses have begun preparing themselves three years ahead of time to meet 
the challenges and opportunities of the AEC.   
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Even though, the AEC Scorecard at the moment shows the region behind schedule, having achieved only 73.6% 
of Phase 1 goals, it still offers a big opportunity in Asia as it will be viewed as a single large market. Further, the 
integration will help increase ASEAN competitiveness with China and India. The delayed issues, such as agriculture, 
non-tariff barriers, integration of the less-developed CLMV (Cambodia, Laos, Myanmar, and Vietnam) members, and 
financial integration remain to be worked out. According to the US International Trade Commission report on AEC4

APEC is considering the prospects and options for a Free Trade Area of the Asia-Pacific (FTAAP) which would 
include all member economies of Asia-Pacific Economic Cooperation (APEC). Since 2006, the APEC Business 
Advisory Council, promoting the theory that a free trade area has the best chance of converging the member nations and 
ensuring stable economic growth under free trade, has lobbied for the creation of a high-level task force to study and 
develop a plan for a free trade area. The proposal for a FTAAP arose due to the lack of progress in the Doha round

, the 
challenges were seen in the area of importing and exporting which vary widely among ASEAN members. For example, 
procedures for trading are relatively easy to complete in Singapore, Thailand, and Malaysia, but very difficult in Laos 
and Cambodia. The quality of logistics services also varies among the ASEAN members, such as customs brokerage, 
freight forwarding, and express delivery. Logistics services are world-class in Singapore but poor in Laos, Cambodia, 
and Myanmar. In many ASEAN countries, restrictive regulations hamper the delivery of high-quality logistics services.

Implications on APEC

Asia- Pacific Economic Cooperation: APEC is the only inter governmental grouping in the world operating on 
the basis of non-binding commitments, open dialogue and equal respect for the views of all participants. Unlike the WTO 
or other multilateral trade bodies, APEC has no treaty obligations required of its participants. Decisions made within 
APEC are reached by consensus and commitments are undertaken on a voluntary basis. Since establishment in 1989, 
APEC further enhances economic growth and prosperity for the region and to strengthen the Asia-Pacific community.
Since its inception, APEC has worked to reduce tariffs and other trade barriers across the Asia-Pacific region, creating 
efficient domestic economies and dramatically increasing exports. Key to achieving APEC's vision are what are referred 
to as the 'Bogor Goals' of free and open trade and investment in the Asia-Pacific by 2010 for industrialized economies 
and 2020 for developing economies. These goals were adopted by Leaders at their 1994 meeting in Bogor, Indonesia. As
of 20 Aug 2010, APEC has 21 Member Economies. They are Australia; Brunei Darussalam; Canada; Chile; People's 
Republic of China; Hong Kong, China; Indonesia; Japan; Republic of Korea; Malaysia; Mexico; New Zealand; Papua 
New Guinea; Peru; The Republic of the Philippines; The Russian Federation; Singapore; Chinese Taipei; Thailand; 
United States of America; Viet Nam. However, to meet the Bogor Goals, APEC carries out work in three main areas: a) 
Trade and Investment Liberalization, b) Business Facilitation, c) Economic and Technical Cooperation.

5

The average economic growths of ASEAN's member nations during 1989–2009 was Singapore with 6.73 
percent, Malaysia with 6.15 percent, Indonesia with 5.16 percent, Thailand with 5.02 percent, and the Philippines with 
3.79 percent. This economic growth was greater than the average APEC economic growth, which was 2.83 percent

of
World Trade Organization negotiations, and as a way to overcome the 'spaghetti bowl' effect created by overlapping and 
conflicting elements of free trade agreements between members – there are as many as 60 free trade agreements and 117 
being negotiated in Southeast Asia and the Asia-Pacific region. The FTAAP is more ambitious in scope than the Doha 
round, which limits itself to reducing trade restrictions. The FTAAP would create a free trade zone that would 
considerably expand commerce and economic growth in the region. The economic expansion and growth in trade could 
exceed the expectations of other regional free trade areas such as the ASEAN Plus Three (ASEAN + China, Japan, and 
South Korea).

6

Meanwhile, the meeting in Jakarta, 28 June 2011 of  delegations from the Asia Pacific Economic Cooperation 
(APEC) Secretariat, led by its Executive Director, Ambassador Muhamad Noor with Dr Surin Pitsuwan, the Secretary-

.
Some criticisms include that the diversion of trade within APEC members would create   trade imbalances, market 
conflicts and complications with nations of other regions. The development of the FTAAP is expected to take many 
years, involving essential studies, evaluations and negotiations between member economies. It is also affected by the 
absence of political will and popular agitations and lobbying against free trade in domestic politics.

                                                             
4www.usasean.org/ASEAN/pub4176.pdf, Retrieved 18 May 2012  
5The Doha Round is the latest round of trade negotiations among the WTO membership. Its aim is to achieve major 
reform of the international trading system through the introduction of lower trade barriers and revised trade rules. The 
work programme covers about 20 areas of trade. The Round was officially launched at the WTO’s Fourth Ministerial 
Conference in Doha, Qatar, in November 2001. 
6"ASEAN economies past and future". The Jakarta Post. 29 July 2011. Retrieved 8 August 2011. 
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General of ASEAN at ASEAN Secretariat . The two leaders agreed to strengthen Secretariat-to-Secretariat cooperation in 
mutually beneficial areas that will add value to their respective cooperation agendas.

In a discussion, both sides expressed interest to cooperate in several key areas such as regulatory reform, 
connectivity, competition policy, small and medium enterprises development, disaster management and food security. 
Delegations also updated each other on the on-going work and priorities of their respective institution and agreed that 
there are many common areas of interest for collaboration and to learn from one another7

The ASEAN Economic Community (AEC) shall be the goal of regional economic integration by 2015. AEC 
envisages the following key characteristics: (a) a single market and production base, (b) a highly competitive economic 
region, (c) a region of equitable economic development, and (d) a region fully integrated into the global economy. The 
AEC areas of cooperation include human resources development and capacity building; recognition of professional 
qualifications; closer consultation on macroeconomic and financial policies; trade financing measures; enhanced 
infrastructure and communications connectivity; development of electronic transactions through e-ASEAN; integrating 
industries across the region to promote regional sourcing; and enhancing private sector involvement for the building of 
the AEC. In short, the AEC will transform ASEAN into a region with free movement of goods, services, investment, 
skilled labour, and freer flow of capital.

. As most of AEC and APEC’s 
goal are quite similar in facilitating to free flow of market through trade liberalization, reduce tax and tariff among 
members. Therefore, even the ASEAN Economic Community, will represent the possibility of each members to 
cooperate and work together through their unequal capacities and level of economics, AEC is going to be a model and 
also the kick off   for APEC.

CONCLUSION

8

                                                             
7ASEAN and APEC Secretariats strengthen cooperation, http://www.aseansec.org/26440.htm, Retrieved 18 May 2012. 
8The official website of the Association of Southeast Asian Nation; http://www.aseansec.org/18757.htm 
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ABSTRACT 
 

Growing supply chain complexity is one result of a desired high-value adding depth in combination with a high 
number of product variants offered to the final customer. Existing attempts to classify suppliers, purchasing parts and 
material flows mainly focus on financial criteria. This results in a mismatch between those suppliers/material flows 
identified as important/relevant and those suppliers/material flows that truly have major impacts on logistically relevant 
drivers. The purpose of this paper is to compare suppliers identified as important based on an ABC-analysis and on the 
outcome of a developed, applied and case-tested decision model that considers especially logistically relevant input 
factors such as the suppliers’ geographical position, their influence on the handling of product variants or uncertainty 
considerations. The developed decision model as well as an ABC-analysis is applied within a multiple case study in the 
agricultural industry. The validation approach includes an adapted version of the pattern-matching-technique and 
statistical means (in particular hit-rates). The comparison of the results of the two supplier evaluation attempts shows that 
the developed decision model can be an appropriate supplement to an ABC-analysis. An appropriate supplement because 
the number of suppliers identified consistently with both attempts (therefore being relevant from financial and logistical 
perspectives) can be improved. 
 
KEYWORDS 
Supply Chain Configuration, Supplier Evaluation, ABC Analysis 
 
 

INTRODUCTION 
 
A growing number of suppliers requires concentration on the most relevant 
 

Companies operate in global supply chains (SC). In the context of this paper, we subsume under the term 
‘supply chain’ according to Choi & Krause (2006: 638) that all inter-connected companies that exist upstream of any one 
company are in the company’s value chain. Global dispersion of the SC in combination with increasing complexity– 
caused by a highly customized number of product variants – lead to a high degree of uncertainty in SCs especially in 
times characterized by far-reaching environmental changes. A possible cause of this can be a lack of transparency in the 
SCs. Volatile and unpredictable market conditions affect a company and worsen the situation: if there is not sufficient 
time to analyze relevant success factors appropriately, the company will not be able to be flexible enough to remain 
competitive. In most cases logistical parameters to identify the relevant transactions in supply chains can be analyzed 
only roughly because of a lack of time and resources or an insufficiently systematic approach regarding data or method 
feasibility. As a result, it is primarily financial data (e.g. annual purchasing volumes, unit price developments, number 
and costs of complaints) that are used to evaluate single parts and as a consequence the suppliers delivering these parts. 
In addition to financial measures, companies attempt to tackle this problem mainly through the use of automatically 
generated key figures, e.g. the service level.  
 

Independent of which of the above mentioned key performance indicators is used, the identification of those 
parts which are relevant for logistical reasons (e.g. high probability of causing downtimes, additional efforts to handle 
materials) is difficult (not to say impossible) with financial metrics and automatically generated key figures. Findings of 
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previous research analyzing and identifying relevant internal material flows confirm this assumption (Traxler, 
Gerschberger, Kohlberger, & Engelhardt-Nowitzki, 2011). 
 

Keeping this line of argument in mind, the purpose of this paper is to compare the results of two different 
supplier evaluation attempts. On the one hand, suppliers are identified as relevant because of their financial influence 
(ABC analysis) and on the other hand suppliers are identified because of their contribution to the degree of complexity in 
the supply chain. The latter approach – a decision model to identify relevant suppliers from a company’s perspective 
under volatile business conditions – was developed (Gerschberger, Engelhardt-Nowitzki, Kummer, & Staberhofer, 2012), 
applied and validated (Gerschberger, 2012) by the authors in previous research. 
 
 

METHODOLOGY 
 
A case study approach to compare supplier evaluation attempts 
 

Case research has its roots in the field of social sciences, especially in ethnographic studies and anthropology. In 
particular, researchers like Eisenhardt (1989) and Voss, Tsikriktsis, & Frohlich (2002) have provided elaborated results 
regarding theory building from case research. As findings can hardly be generalized on the basis of a single case 
(Abdelkafi & Blecker, 2008), a multiple case study approach was set up. Following the classification given by Yin 
(2003) an embedded case study with four units of analysis is the basis for the model evaluation. Great attention was paid 
to the selection of the cases (here: units of analysis - UA). The challenge was to choose cases which differ as widely as 
possible from each other in order to fill theoretical niches, thus drawing an appropriate picture of the entire supply chain 
under investigation. The company under consideration is a premium producer in the Austrian agricultural machine 
building industry. Within the supply chain of this company, four segments (= units of analysis) are selected for case-
based analysis in a first step. Case analysis based on four cases is consistent with statements made in literature; e.g. Voss 
et al. (2002: 201-201) proposing 3-30 cases or Eisenhardt (1989) suggesting 4-10 cases. In general, the discussion of the 
ideal number is obsolete as the subject of consideration and the degree of difficulty of the research question differ from 
an investigation to another. The number of cases is usually determined by the degree of new confirming or conflicting 
insights achieved by including an additional case. Theoretical saturation is achieved if the additional findings according 
to a previously investigated phenomenon by conducting an additional case are minimal (Glaser & Strauss, 1998). 
(Gerschberger & Staberhofer, 2012) In these four units of analysis (loading wagons, tedders, disc mowers and ploughs) 
all suppliers are evaluated according to their financial influence and their contribution to the degree of complexity. 
Finally, hit rates are used to highlight similarities and differences in the results of the two supplier evaluation attempts. 
Before the findings of this comparison are discussed, the developed decision model to identify critical suppliers 
according to their contribution to complexity in the SC has to be briefly described in the next section. 
 
Model development – an attempt to determine a supplier’s contribution to complexity in the SC 
 

The developed decision model is based on findings from complex systems theory (Shahabi & Banaei-Kashani, 
2007, Bar-Yam, 2003, Kappelhoff, 2000), existing supplier evaluation methods (in particular, the graph model in 
Müssigmann, 2007) and a previous vector based approach to operationalize complexity in production systems (Windt, 
Philipp, & Böse, 2008). Due to redundancy and to facilitate a compacted line of reasoning the theoretical foundation of 
the developed model (Gerschberger et al., 2012, Engelhardt-Nowitzki, Gerschberger, & Staberhofer, 2011) is not 
reproduced here. Likewise, the in depth analysis of the term ‘complexity’ (see especially Bozarth, Warsing, Flynn, & 
Flynn, 2009, Wycisk, McKelvey, & Hulsmann, 2008, Meyer, 2007, Choi & Krause, 2006, Engelhardt-Nowitzki & 
Zsifkovits, 2006) is not repeated.  
 

The tree-structure of Müssigmann’s graph model (Müssigmann, 2007) assumes a converging material flow as, 
for instance, applicable in the automobile industry. Each supplier relation consists of an element (company) and an 
interrelation (connection between supply network companies) and is represented through complexity parameters which 
are bundled in an evaluation vector (step 1 in fig. 1). Understanding these drivers is critical when developing strategies to 
manage the resulting complexity (Manuj & Sahin, 2011). According to an extensive literature review (Gerschberger et 
al., 2012, Gerschberger, 2012), there are two types of complexity parameters: parameters determining the (basic) 
complexity of a supply network (i.e., elements defining the structure and scope of the supply network) and parameters 
influencing this (basic) complexity (i.e., elements that effectively drive complexity in the supply network). In the 
developed decision model (fig. 1) the five complexity parameters (number of suppliers/elements, number of 
interrelations, uncertainty, customer-driven product variety, and geographical components) which seem to be most 
important according to the executed review are implemented and operationalized. Proceeding, the operationalized 
evaluation vectors for each supplier relation are consolidated in one overall evaluation vector that represents the entire 
supply network or network segment examined (step 2 in fig. 1). Practically, the importance of singular parameters can 
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differ from one company to another. This is respected by means of a weighting vector that allows for situational 
parameter prioritization (step 3 in fig. 1). 
 

Finally, a position index for each network segment can be created in order to prioritize the most important 

segments (step 4 in fig. 2) through multiplication of the evaluation vector of the network segment ( ) and the 
transposed weighting vector ( ). From a company perspective, the supply network segment with the highest position 
index is of primary importance under current conditions and therefore of high-priority for management activities. 
(Gerschberger, 2012) 

 
FIGURE 1 

FOUR-STEP MODEL TO IDENTIFY RELEVANT SUPPLIERS 
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In the following section this decision model as well as an ABC-analysis is applied within the four units of 
analysis determined within the supply chain of the case company. 
 
Application of supplier evaluation attempts – Findings 
 

In Table 1 (which serves as an example for all four units of analysis) the result of both supplier evaluation 
attempts (ABC analysis and complexity contribution) is displayed for UA ‘loading wagons’. For in-depth information on 
how the five parameters are operationalized and can be aggregated as well as how the single parameters are prioritized by 
the SC-manager in charge using the analytic hierarchy process and how the model is applied and validated refer to the 
above mentioned sources once again. 
 

Table 1 shows that 158 suppliers deliver parts to manufacture loading wagons in the case company. 35 of them 
are classified as ‘A’ suppliers, 42 as ‘B’ suppliers and 81 as ‘C’ suppliers. 
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TABLE 1 
RELEVANT SUPPLIERS OF BOTH EVALUATION ATTEMPTS FOR UA "LOADING WAGONS" 

Unit of analysis 'loading wagon' weighting
# suppliers 158 auxiliary variables for parameter determination 0 ...w1 # elements - k1

ABC analysis k4,j,l
PLB adapted product line breadth k4 0 ...w2 # interrelations - k2

A-suppliers 35 k4,j,l
S specificity k4 0,12 ...w3 uncertainty - k3

B-suppliers 42 k5,j,l
EF calculated distance factor k5 0,30 ...w4 variants - k4

C-suppliers 81 k5,j,l
LPI' adapted version LPI k5 0,58 ...w5 geographical components - k5

1
Supplier-ID k1 k2 k3 k4 k5

999-3 days 
too early

2-1 day(s) 
too early

on-time 1-2 day(s) 
too late

3-999 days 
too late

k4,j,l
PLB k4,j,l

S k5,j,l
EF k5,j,l

LPI' ABC 
analysis

1 3130 1 1 4 10 20 11 12 0,32 0,01 0,50 0,01 1,00 0,22 0,222 0,169 A
2 3058 1 1 116 185 60 101 337 0,46 0,00 0,43 0,00 0,42 0,31 0,132 0,133 A
3 3103 1 1 246 634 324 204 131 0,39 0,52 0,40 0,21 0,01 0,25 0,002 0,110 B
4 3216 1 1 29 512 28 43 71 0,48 0,08 0,70 0,06 0,27 0,18 0,047 0,102 A
5 3207 1 1 345 13 3 10 289 0,50 0,07 0,34 0,03 0,33 0,18 0,059 0,102 B
6 3100 1 1 23 33 10 20 370 0,49 0,00 0,50 0,00 0,24 0,30 0,073 0,102 A
7 3026 1 1 186 92 25 17 19 0,46 0,00 0,70 0,00 0,29 0,27 0,078 0,101 A
8 3138 1 1 3 30 6 19 297 0,49 0,00 0,46 0,00 0,20 0,35 0,072 0,101 B
9 3152 1 1 5 39 2 0 0 0,48 0,01 0,30 0,00 0,41 0,18 0,072 0,100 C

10 3150 1 1 54 133 58 137 1659 0,49 0,00 0,50 0,00 0,20 0,35 0,071 0,100 A
11 3102 1 1 12 21 13 21 663 0,49 0,00 0,50 0,00 0,35 0,18 0,062 0,095 A
12 3034 1 1 230 54 158 9 56 0,34 0,04 0,66 0,02 0,42 0,19 0,078 0,093 A
13 3116 1 1 5 6 2 7 16 0,47 0,02 0,40 0,01 0,33 0,18 0,059 0,093 C
14 3066 1 1 41 75 45 19 820 0,48 0,01 0,31 0,00 0,33 0,18 0,059 0,093 C
15 3200 1 1 16 44 21 26 13 0,41 0,02 0,47 0,01 0,40 0,18 0,070 0,093 B
16 3095 1 1 43 9 4 2 18 0,47 0,02 0,43 0,01 0,31 0,18 0,054 0,091 C
17 3215 1 1 32 157 88 118 1684 0,48 0,00 0,50 0,00 0,19 0,30 0,057 0,091 A
18 3111 1 1 67 102 34 79 1195 0,49 0,00 0,50 0,00 0,18 0,30 0,055 0,091 A
19 3042 1 1 0 5 6 5 2 0,01 0,04 0,30 0,01 0,64 0,23 0,148 0,090 C
20 3176 1 1 25 1 2 0 10 0,47 0,06 0,40 0,02 0,21 0,21 0,043 0,089 C
21 3183 1 1 245 344 166 220 108 0,42 0,21 0,49 0,10 0,06 0,25 0,014 0,089 A
22 3023 1 1 27 76 435 45 59 0,16 0,54 0,41 0,22 0,02 0,25 0,005 0,088 C
23 3196 1 1 90 32 18 7 14 0,44 0,01 0,45 0,00 0,31 0,18 0,055 0,086 A
24 3145 1 1 46 58 44 90 722 0,48 0,06 0,50 0,03 0,11 0,30 0,032 0,085 A
25 3069 1 1 229 127 149 32 148 0,39 0,02 0,80 0,02 0,30 0,18 0,054 0,083 A
26 3161 1 1 0 15 14 7 3 0,32 0,00 0,80 0,00 0,42 0,18 0,074 0,082 B
27 3030 1 1 6 38 21 53 32 0,43 0,02 0,60 0,01 0,26 0,18 0,046 0,081 A
28 3213 1 1 183 118 346 80 227 0,32 0,33 0,40 0,13 0,02 0,25 0,005 0,081 A
29 3099 1 1 13 61 31 14 17 0,39 0,00 0,33 0,00 0,32 0,18 0,058 0,080 C
30 3206 1 1 261 32 9 6 276 0,49 0,07 0,31 0,02 0,10 0,25 0,025 0,080 B
31 3088 1 1 28 30 3 13 20 0,48 0,00 0,40 0,00 0,21 0,18 0,037 0,080 C
32 3157 1 1 4 92 35 17 27 0,40 0,01 0,50 0,01 0,29 0,18 0,052 0,080 C
33 3164 1 1 14 14 10 3 13 0,41 0,00 0,40 0,00 0,29 0,18 0,051 0,079 B
34 3043 1 1 126 25 4 3 92 0,49 0,03 0,40 0,01 0,11 0,25 0,027 0,078 C
35 3071 1 1 79 267 353 338 162 0,35 0,26 0,41 0,11 0,02 0,25 0,005 0,078 B

3016 1 1 6 11 4 20 146 0,49 0,00 0,80 0,00 0,17 0,18 0,031 0,077 A
3068 1 1 14 20 23 32 26 0,40 0,00 0,80 0,00 0,27 0,18 0,049 0,077 A
3064 1 1 17 47 11 6 15 0,44 0,05 0,30 0,02 0,19 0,18 0,034 0,077 B  

 
Each single row in Table 1 - starting with column ‘Supplier-ID’ after the sequential number -displays the 

evaluation of a single supplier. Table 1 shows the evaluation of the most relevant suppliers in this UA as suppliers are 
ranked in descending order according to their contribution to complexity in the supply chain (displayed in column ‘ ’). 
Columns ‘k1’ – ‘ ’ are related to the decision model to identify relevant suppliers based on their contribution to 
complexity. Column ‘ABC analysis’ highlights the suppliers’ classifications according to their purchasing volume. 
Taking a closer look at Table 1 it can be established that only 16 out of the first 35 suppliers identified as relevant 
according to their contribution to complexity are ‘A’ suppliers too. Therefore, 19 – more than half of the suppliers are ‘B’ 
or ‘C’ suppliers and ‘not that relevant’ from an ABC-perspective. 
 

In Table 2 the collected results for all four units of analysis are displayed. It becomes obvious that in all cases 
the hit-rate between suppliers identified as most relevant through ABC analysis and suppliers identified as relevant 
because of their contribution to complexity in the UA can be improved. 16 suppliers identified with both supplier 
evaluation attempts as relevant out of 35 suppliers for the unit of analysis ‘loading wagon’, 16 out of 26 for UA ‘tedder’, 
13 out of 23 for UA ‘disc mower’ and 10 out of 21 for UA ‘plough’ are altogether results that speak for the additional 
application of the developed model in addition to an ABC analysis to get a broader picture of a supplier’s importance. 
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TABLE 2 
COMPARISON OF RELEVANT SUPPLIERS IDENTIFIED BY BOTH ATTEMPTS FOR ALL FOUR UA 

 

ABC 
analysis

complexity 
model Hit-rate

ABC 
analysis

complexity 
model Hit-rate

ABC 
analysis

complexity 
model Hit-rate

ABC 
analysis

complexity 
model Hit-rate

# suppliers 158 97 85 109

A 35 16
16 out of 35 

(46 %) 26 16
16 out of 26 

(62 %) 23 13
13 out of 23

(57 %) 21 10
10 out of 21 

(48 %)
B 42 8 23 6 26 4 34 6
C 81 11 48 4 36 6 54 5

loading waggon tedder disc mower plough

 
 
 

CONCLUDING REMARKS AND FURTHER RESEARCH 
 

The comparison of the two supplier evaluation attempts confirmed once again the assumption that further 
criteria besides financial measures and attempts are needed to evaluate suppliers. In total, 55 out of 105 suppliers 
determined as ‘A’ suppliers are relevant from a complexity perspective too. If model step 3 displayed in Fig. 1 (the 
interpretation of the Supply Chain Manager according to the importance of single complexity parameters) is eliminated 
to reduce subjective influence the difference becomes even bigger and 51 out of 105 suppliers are evaluated as relevant 
from both supplier evaluation attempts. This paper outcome is a further motivation for the authors to continuously 
identify, operationalize and implement further important issues in the developed decision model that can determine the 
importance of supplier relations for a focal company.  
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ABSTRACT 
 

Nowadays, the global company is increasing and has a lot of solution for support smoothly company supply 
chain. The foods business is one of global business which is very challenge the both of profit and customer demand. 
Anyway, they also have critical and disadvantage of process too.  For our case is about Company A, who is an 
international company, they produce the Seasoning powder and Stock cube or Bouillon for Thai and customer in south 
East Asia countries. Last three year ago, they face the problem of raw material cost, they have around 19-23 ingredients 
per product and 8-10 imported ingredients, were increasing, which can be considered as well. This paper proposes and 
demonstrates the cost raw materials, which are produced for the Seasoning powder and Stock cube or Bouillon. We have 
investigate all cost of raw materials and we found the main outcome measure was Monosodium glutamate which is 
imported from China under incoterms FOB Xingang, it has higher cost than other raw materials. We record data of 
department information from sale, marketing, planning, procurement and supplier for analyze which one is point of the 
highest cost. This study investigates demand plan quantity, procurement process, purchasing operations, freight 
management, shipping process, customs process, transportation management, warehouse management and inventory 
management by specific of process, time and cost. This paper use Total cost of ownership model for review cost driver of 
the raw material and select the top three which are highest cost. 

 
KEYWORDS 
Total Cost of Ownership, Scheduling, Supplier Relationship Management  
 
 

INTRODUCTION 
 

The Seasoning powder and a Stock cube markets are increasing of demand every year, in Thailand we have 
market share in 2010 to 2011 around 5,500,000,000 baht, a bouillon powder is 60-70% or 3,300-3,850 Million baht and a 
bouillon cube is 30-40% or 1,650-2,200 million baht. Below is competitor market share. 

 
TABLE 1 

SEASONING POWDER MARKET SHARE 
 
Seasoning powder Sale Amount            3,300,000,000.00  THB 
    

Company Brands Sale Amount THB 
Market 
Share 

Ajinomoto Thailand Co., Ltd. Rosedee               1,980,000,000.00  60% 
Unilever Thai Holdings Ltd. Arroysure                  990,000,000.00  30% 
Thai Foods Products Ltd. Rosedeth                  165,000,000.00  5% 
Others Others                  165,000,000.00  5% 
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TABLE 2 
STOCK CUBE MARKET SHARE 

 

Company Brands Sale Amount THB 
Market 
Share 

Unilever Thai Holdings Ltd. Knorr               1,980,000,000.00  90% 
Others                    220,000,000.00  10% 

Food Today Magazine issue June 2012 : Marketing research January 2010- December 2011 
http://www.foodindustrythailand.com/v17/index.php?option=com_content&view=article&id=1625&Itemid=1
34 

 
 

PROBLEM STATEMENT 
 

MSG or Monosodium glutamate is key raw materials of a Seasoning powder and a Stock cube ingredient. In last 
3 years ago, Company A has the high stock holding, so this cause will be increase their total cost of ownership to end 
product for end customer too. This is not good for theirs competitor who is in the same market as to the price strategy is 
main point for seasoning market. We begin cost form ingredient list of products and we face the high holding stock of 
MSG, Monosodium Glutamate, which is increased cost of product. From 2010 to 2012 it is still increasing. We review in 
deeply of logistics cost for find the final result and problem solution by TCO (Total cost of ownership model for review 
cost driver of the raw material and select the top three which are highest cost.  First of all, we review ingredient list of 
product; 

 
Stock Cubes 
Ingredients List 

1. Salt 12% 
2. Monosodium glutamate 38%  
3. Hydrogenated cottonseed oil 10% 
4. Chicken fat 10% 
5. Hydrolyzed soy/corn protein 5% 
6. Dehydrated mechanically separated cooked chicken 2% 
7. Dehydrated chicken meat 2% 
8. Dehydrated chicken broth 1% 
9. Other* 20%  

 
*Autolyzed yeast extract, dehydrated onions & parsley, lactose, water, colour, spices & spice extract, disodium 
guanylate, disodium inosinate, citric acid, tartaric acid, hydrogenated soybean oil and sulphites 
 
Seasoning Powder  
Ingredients List 

1. Salt 12% 
2. Monosodium Glutamate 35% 
3. Disodium Inosinate 8% 
4. Disodium Guanylate 8% 
5. Vegetable fat 4% 
6. Sugar 8% 
7. Potato Starch 6% 
8. Chicken Fat (Contains Rosemary extract) 2% 
9. Dehydrated Chicken 2% 
10. Other* 15%  

 
Dehydrated Vegetables (Onion, Carrot), Flavourings, Dextrose, Whey Powder, Maltodextrin, Juice 

Concentrates (Apple, Carrot), Celery Seeds, Yeast Extract, Herbs, Colour (Beta Carotenfe), Iodised Salt, Soy Sauce 
Powder, Spices, Garlic, Herb extract. May contain gluten. 

 
We face MSG is the main of product which is imported from China and very higher stock than other products. 
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The initial information 
 
A. Procurement Demand Plan Process 
 

Planner gets the demand plan quantity from sale department and calculates quantity per item to procurement 
department in November every year.  

 
In 2010-2012 the MSG, Monosodium glutamate, has average demand as below: 
 
Volume per week = 21,000-84,000 kgs. 
Volume per Annual = 1,008,000-4,032,000 kgs. 
Anyway, the maximum capacity of machine is only 2,016,000 kgs.. 
  
B. Purchasing management 
 

Procurement team gets volume from planner and send to regional procurement at Singapore to negotiate price 
and volume with suppliers. For Thailand, they get allocated stock as per theirs requirement, 1,008,000-4,032,000 kgs., to 
Company I who is in Xingang, China. Every November, A company must send import order within November before 
new allocation stock.  They issue Purchase order around 63,000 - 210,000 kgs. Per time and after that, the planner will 
call off Purchase order as per production volume, around 21,000 kgs., per week. But supplier sends them by 1st purchase 
order 63,000 - 210,000 kgs. or 3-10 containers per shipment.  

 
At the same time the communication gap between planner and procurement is cut off order process with 

supplier. They did not follow up shipment, at the end of purchase order was manage shipment by supplier and carrier as 
per their availability schedule. So they do not know the A company stock and inventory management situation. 
Sometime, they export the big shipments, 10 containers per shipment, that make A company holds too much stock.  
 
Summary purchasing process: 
1) The first purchase order for booking as per contract volume due 
2) Planner has to generate split purchase order of the first purchase order as per production quantity, “Call off  PO”. 
3) Supplier confirms order as per the first purchase order booking and plan to ship for first call off purchase order Date 
and time 
 

Procurement booking order > Planner generate Call off  PO. > Supplier sends the cargo as per Procurement 
volume and planner lead time* 

 
*Supplier Production, lead time 30 days  
 
Vessel from Xingang to Laemchabang, transit time 14-16 days 
 
A. Freight management 
 

The MSG is packed in food plastic bag package for 25 kilograms per bag, and 1*20 container capacity is 840 
bags or 21,000 kilograms.  Normally, A company has Vessel line support by Global freight requirement that they have 
bidding rate every year in Singapore. They have freight support 2 carriers, but normally they use only one carrier for 
easier to communicate with supplier. The below is Sea Freight charge rate, FOB Xingang. 
 

TABLE 3 
COST OF FREIGHT CHARGE IN 2010 TO 2012, FOR CHINA SUPPLIER 

 

Year  Opening 
Stock (kgs) Containers Shipments 

Freight 
charge, 

0Xingang 
(THB) 

D/O 
Charge 
(THB) 

2010     2,016,000  96 11          961,248          11,000  
2011     2,289,000  109 15       1,091,417          15,000  
2012     1,176,000  56 10          560,728          10,000  

 
Remarks: Exchange rate USD 1 = THB 31 
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Supplier I, in China, FOB Xingang 
 
1) Carrier and Rate; 
 

 Carrier 1 = Freight charge USD 225 , BAF USD 98 and THC (Terminal handling charge) THB 2,600 Transit time 14 
days 
 

 Carrier 2 = Freight charge USD 350 , BAF USE 98 and THC  (Terminal handling charge) THB 2,600 Transit time 15 
days  
 
1) Routing and Transit time 
Transit time for vessel is 14-16 days for the both routings as below; 

 Carrier 1, Xingang – Busan – Manila – Laemchabang 
 Carrier 2, Xingang – Busan-Hochiminh- Laemchabang 

 
A. Customs process (Duty rate) 
Thailand is a country of FTA Asean-China, in 2010 we have free duty for MSG product. So we do not add this cost on 
our product cost. 
 

TABLE 4 
CUSTOMS PROCESS AND DUTY RATE 

 

Details 
Supplier I / 

China Unit Remarks 
Customs process 1 days   
Normal duty 5 %   
Duty with Privilege 0 %   

Vat (Tax) 7 % 

In this case, we will not count 
them in to cost as to importer 
can refund it back as per 
government rule. 

Privilege ASEAN-CHINA     

Document requirement Form E   
Document process lead time, 
Form around 4-5 days 

 
B. Port storage charge 
 
  We have free time 3 days after the vessel arrival destination port after that Laemchabang port will have cost as 
below  
Rate: 
  
1) 20’ Dry container / Storage charge Free time 3 days : 
Day 1-7 THB 125 per container per day 
Day 8-14 days THB 250 per container per day 
Day 15 onwards THB 400 per container per day 
 
2) 20’ Dry container / Relocation charge Free time 7 days : 
Day 8 onwards THB 100 per container per day 
 
C. Demurrage and Detention charge 
 
  The carrier will charge for delay clearance the cargo out from container as below cost: 
1) Demurrage charge: Carriers have free time* 5 days after the vessel arrival port. 
Day 1-5 THB 275 per container per day 
Day 6-10 THB 550 per container per day 
Day 11 onwards THB 1,025 per container per day 
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  Free time* shall commence from the day after laden container discharged or ICD arrival day until container 
picked up. 
 
2) Detention Charge: Carriers have free time** 3 days after picked up from destination port. 
Day 1-5 THB 345 per container per day 
Day 6-10 THB 685 per container per day 
Day 11 onwards THB 1,025 per container per day 
 
  Free time** shall commence from the day after empty container picked up until laden container returned at port 
or ICD. 
 
D. Shipping Broker process and Cost 
 
  The shipping broker is agency for A company, who will do customs clearance and transportation.  
1) Shipping process 
Shipping process and lead time from origin country to Thailand is around 39 days as below: 
 

TABLE 5 
SHIPPING PROCESS AND LEAD TIME 

 

SHIPPING PROCESS 
DAY WHO ACTIVITY 

Before loading 
Day 1 Buyer Send order to supplier 
Day 3 Supplier Produce and manage to ship 
Day 3 Supplier Booking vessel 

Day 4 Carrier 
Recheck booking and confirm with consignee as to freight collect 
them 

Day 4 Buyer Due with carrier for confirm payment 
Day 20 Supplier Finish production 

Loading and In transit 
Day -10 Supplier Confirm booking  
Day -7 Carrier Booking 
Day – 3 Supplier Loading the cargo 
Day – 2 Carrier Cut off time loading 
Day 1 Vessel ETD from origin port 
Day 2 Supplier Request Form E with their government, working day only 

Day 4 Supplier 
Sending document to buyer = invoice, packing list, bill of lading 
and certificate of analysis by email 

Day 6 Supplier Sending document to buyer = Form E by email 
Day 8 Buyer Confirm document to supplier 
Day 10 Supplier Sending the original documents to buyer by air courier, DHL 

Day 12 Buyer Getting the original documents and pass to theirs shipping broker 
Day 14 – 15 Shipping broker Process customs clearance with Thai customs  
  Vessel ETA at destination port 
Day 16 Shipping broker Process D/O with carrier 
Day 17 Shipping broker Clear and deliver the cargo to warehouse 
Day 18 QA Recheck quality 
Day 19 Production Call off the cargo to production line 
      

 
2) Shipping Cost 
 
  Shipping broker will process from customs clearance, destination port to warehouse. Theirs quotation from 2010 
to 2012 they have service charge as below: 
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TABLE 6 
SHIPPING COST 

 

Shipping Cost 1*20' 

Detail Amount (THB) 
Service 2,000.00 

Labor            2,000.00  
Transport            6,000.00  
Port charge            2,000.00  
THC (Terminal 
handing charge)            3,000.00  

Total        15,000.00  
 

TABLE 7 
SUMMARY REPORT SHIPPING COST FROM 2010 TO 2012 

 

Year  Opening 
Stock (kgs.) 

Containers 
(20') Shipments Shipping 

Cost (THB) 

2010     2,016,000 96 11       1,440,000  
2011     2,289,000 109 15       1,635,000  
2012     1,176,000 56 10          840,000  

 
 
E. Transport management 
 
  As per A company global freight rate they said, Thailand ports, where are Bangkok port, Laem Chabang port 
and ICD Lardkrabang but for ICD Lardkrabang has additional cost to carry container for USD 75 per container and it 
takes 2-3 days arrival destination for customs clearance, so A company has ignore this choice in loop of decision making. 
So we will zoom in only 2 main ports of our routing. 
 
Local routing: 
Warehouse is in Bangprakong, Chacheangsao 
 

TABLE 8 
TRANSPORT DISTANCE AND LEAD TIME 

 

Port 
Distance 
(KM.) 

Vessel 
lead time 
(Day) Remarks 

Laemchabang 100 14  - 2 to -5 days delay ETA 
Bangkok 85 16  - 2 to -5 days delay ETA 
BMT 85 16  - 2 to -5 days delay ETA 
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TABLE 9 
TRANSPORTATION COST 1*20’ DRY CONTAINER 

 

Details 
Amount 
(THB) Remarks 

Bangkok port to Warehouse  5,800   
Laemchabang port to Warehouse 6,000   

ICD Lardkrabang to Warehouse 4,500 

Exclude handling charge to carrier for 
carry container from discharge port to 
destination port USD 75 or THB 
2,400.- 

 
 
F. Warehouse process with unloading management 
 
  For the MSG, raw material foods, A company has specific special requirement for food safety below details are 
MSG condition in X warehouse. 
 
1) Warehouse cost  
 
  X warehouse is third party warehouse where is closely A factory, it is far away around 6 km. they manage A 
company raw materials by below service rate : 
 

TABLE 10 
WAREHOUSE QUOTATION 2009-2010 AND 2011-2012 

 
X Warehouse Quotation 2009-2010 and 2011-2012 

 

Items Service Details 

2011-
2012 

Amount 
(THB) 

2009-
2010 

Amount 
(THB) Remarks 

1 Storage Charge       

  Storage Non air-con 10 10 per CBM per Day 

2 Handling Charge       

2.1 Handling in 50 45 per CBM 

2.2 Handling out 50 45 per CBM 

3 Pest control 75 75 per CBM per Month 

4 Pallet rental 80 80 per pallet per month (1 pallet = 1 cbm) 

5 Plastic wrapping 100 95 per pallet  (1 pallet = 1 cbm) 

6 Un Stuffing In       

6.1 6W 800 700 per Truck 

6.2 20ft 1,500 1,300 per Container 

6.3 40ft 2,000 1,500 per Container 

7 Stuffing Out       

7.1 6W 800 700 per Truck 

7.2 20ft 1,500 1,300 per Container 
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7.3 40ft 2,000 1,500 per Container 

        
Remarks     

 
Summary warehouse cost 
 
  Normally, the X warehouse plan MSG space for 336 cbm, which available space for safety stock confirmation 
of 2 months or 16 containers or 13,440 bags or 672 cbm. So, if A company has any extra commitment, they take time to 
manage space around 7-10 days. That makes all extra shipments must be hold at destination port, finally the cost of 
storage, demurrage and detentions will be increasing too.  
 
G. Inventory management 
 
  We summarize 3 years inventory for A company stock turnover quantity and rate, as to they are the number of 
times the stock has “Turnover” and usually replace again in next year. We found the lower rate and higher stock that take 
longer periods and effect cash flow. 
 
The formula to calculate as below: 
 

average stock value  = opening stock + closing stock  
2 

 
The formula of calculate your stock turnover by dividing the average stock value into the annual cost of goods sold: 

stock turnover  = cost of goods sold 
average stock value 

 
 

TABLE 12 
THE AVERAGE STOCK VALUE AND STOCK TURNOVER IN 2010, 2011 AND 2012 

 

Year  

 Holding 
Stock 

Last year 
(kgs)  

 Opening 
Stock (kgs)  

 Closing 
Stock (kgs)  

 Unit 
Price 
THB 

 Holding 
Stock 

Current 
(kgs)  

 Average 
stock Value 

(THB)  

 Cost of 
goods sold 

(THB)  
 Stock 

turnover  

2010      336,000      2,016,000        1,932,000  
   
0.45       84,000.00        888,300       869,400  0.98 

2011      420,000      2,289,000        1,722,000  
   
0.52     987,000.00     1,042,860       895,440  0.86 

2012      987,000      1,176,000        1,239,000  
   
0.49     924,000.00        591,675       607,110  1.3  

 
 

 Inbound and Outbound 2010 
 
  In 2010 , Total holdings stock from 2009 is 336,000 kgs., Total import shipment opening stocks 2,016,000 kgs. 
(96 container) Closing stock 1,932,000 kgs Holdings Stock 336,000 kgs.  
 

 Inbound and Outbound 2011 
 
  In 2011, Total holdings stock from 2010 is 420,000 kgs., Total import shipment 109 containers Opening stocks 
2,289,000 kgs. Closing stock 1,722,000 kgs. Holdings Stock to next year is 987,000 kgs.  
  Purchasing order process, PO were issued from Q1'12 as per demand plan requirement and they had followed up 
only meet demand quantity only and never come back control arrival date and time as to this function was passed to 
planner department who must concentrate for production, quality analysis management and warehouse stock. So they 
didn't concentrate for supplier lead time, they know only in system for ordering lead time and stock available cover plan. 
So some time it takes gap between supplier, procurement and planner as to planner look into warehouse stock and next 
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order lead time, at the same time procurement concentrate only volume commitment and process PO. So the problem gap 
is supplier management order by on time volume but they didn't know stocks were over already. 
 
  In July 2011, Thailand faced flooding situation the production lines were closed, the planner concentrated only 
production and stock available for production back to produce. So they had too late to inform supplier, no body 
coordinate to stop or move shipments to any place that make them to pay a lot of storage and demurrage charge at port 
and warehouse. 
 

 Inbound and Outbound 2012 
 
  In 2012, Total holdings stock from 2011 is 987,000 kgs., Total import shipment 56 containers Opening stocks 
1,176,000 kgs Closing stock 1,239,000 kgs Holdings Stock to next year is  924,000 kgs. 
 
 
H. Company Management Cost 
 
A Company has 2 functions are directly operate MSG: 
1. Procurement of raw  material food ingredient 3 persons; Manager, Supervisor and Staff 
 

TABLE 13 
PROCUREMENT MANAGEMENT COST 

 

Procurement Management Cost 

Cost Details 
Unit Price 

(THB) Quantity 

Monthly 
Amount 
(THB) 

Annual 
Amount 
(THB) 

Manager Salary        80,000                1         80,000         960,000  
Supervisor Salary        40,000                1         40,000         480,000  
Staff Salary        17,000                1         17,000         204,000  
Internet             500                1              500             6,000  
Laptop        25,000                3         75,000         900,000  
Office rental and Electrically        15,000                1         15,000         180,000  
Telephone             500                3           1,500           18,000  
Procurement Function Cost  * The rate is for 300 main raw  materials     2,748,000  

MSG product is only one of 300 items, total management cost around            9,160  
   
2. Planner and Quality management of raw material food ingredient 5 persons ; 1 Manager, 2 Supervisors and 2 Staffs. 
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TABLE 14 
PLANNER AND QUALITY MANAGEMENT COST 

 

Planner and Quality Management Cost 

Cost Details 
Unit Price 

(THB) Quantity 

Monthly 
Amount 
(THB) 

Annual 
Amount 
(THB) 

Manager Salary        80,000                1         80,000         960,000  
Supervisor Salary        40,000                2         80,000         960,000  
Staff Salary        17,000                2         34,000         408,000  
Internet             500                1              500             6,000  
Laptop        25,000                4       100,000      1,200,000  
Office rental and Electrically        15,000                1         15,000         180,000  
Telephone             500                4           2,000           24,000  
Procurement Function Cost * The rate is for 300 main raw  materials     3,738,000  

MSG product is only one of 300 items, total management cost around          12,460  
 
Summary cost: 
 
  From A to K costs and activities, we can summarize the total cost of ownership as below: 
 

TABLE 15 
SUMMARY OF TCO (1) 2010-2012 

 

Cost Details 2010 2011 2012 

Freight cost Xingang to Laemchabang              961,248          1,091,417              560,728 

Local Shipping and Transportation           1,440,000          1,635,000              840,000 

Warehouse management cost (3rd Party)          4,490,760        18,325,330         12,958,270 

Storage and Demurrage charge             168,000             190,750                98,000 

Product cost FOB Xingang             907,200          1,190,280              576,240 

Management cost                21,620               21,620                21,620 

 Total cost THB      7,988,828.00   22,454,397.00    15,054,858.00 

 Cost per unit THB per KG.                    3.96                   9.81                  12.80 
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TABLE 14 
PLANNER AND QUALITY MANAGEMENT COST 

 

Planner and Quality Management Cost 

Cost Details 
Unit Price 

(THB) Quantity 

Monthly 
Amount 
(THB) 

Annual 
Amount 
(THB) 

Manager Salary        80,000                1         80,000         960,000  
Supervisor Salary        40,000                2         80,000         960,000  
Staff Salary        17,000                2         34,000         408,000  
Internet             500                1              500             6,000  
Laptop        25,000                4       100,000      1,200,000  
Office rental and Electrically        15,000                1         15,000         180,000  
Telephone             500                4           2,000           24,000  
Procurement Function Cost * The rate is for 300 main raw  materials     3,738,000  

MSG product is only one of 300 items, total management cost around          12,460  
 
Summary cost: 
 
  From A to K costs and activities, we can summarize the total cost of ownership as below: 
 

TABLE 15 
SUMMARY OF TCO (1) 2010-2012 

 

Cost Details 2010 2011 2012 

Freight cost Xingang to Laemchabang              961,248          1,091,417              560,728 

Local Shipping and Transportation           1,440,000          1,635,000              840,000 

Warehouse management cost (3rd Party)          4,490,760        18,325,330         12,958,270 

Storage and Demurrage charge             168,000             190,750                98,000 

Product cost FOB Xingang             907,200          1,190,280              576,240 

Management cost                21,620               21,620                21,620 

 Total cost THB      7,988,828.00   22,454,397.00    15,054,858.00 

 Cost per unit THB per KG.                    3.96                   9.81                  12.80 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1 
A TOTAL COST OF OWNERSHIP FROM 2010 TO 2012 

 

 
 
  The figure 1, said the highest cost of 3 years is Warehouse Management cost, average THB 12,958,270,the 
second high cost is Local Shipping and Transportation, average THB 840,000 and the third is Product cost, FOB 
Xingang, THB 576,240. 
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FIGURE 2 
THE PERCENTAGE TCO OF PROCUCT 

 

 
 
  This figure is very clear for the highest cost of product, as to actually our product cost is only 12% the same as 
freight cost but warehouse cost by 3rd party is 56% at the same time  local shipping and  transportation 18% of product 
cost. We review by higher cost of activity and specify for cost details and use logistics solution for reduce cost. 
 
I. Logistic Solutions 
 
A. Warehouse activity cost 
 
  For warehouse activities were cleared by quotation. The cost reports cost details and we will look into for what 
cost that we can reduce. 
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TABLE 17 
WAREHOUSE ACTIVITY COST, AVERAGE 2010-2012 

 

W/H Storage Lift off Lift on Pest control 
Pallets 
rental 

Plastic 
wrapping 

Demurrage, 
Storage and 
Relocation 

      
18,242,861    10,830  

   
12,570  

    
4,958,142  

      
5,253,404  

    
7,198,861        456,756  

 
 

FIGURE 3 
WAREHOUSE ACTIVITY COST, AVERAGE 2010-2012 

 

 
 
  As per figure 3, we found a warehouse storage charge this activity is the act of depositing in a warehouse for 
keeping the goods in warehouse. So the frequency of outbound stock may be the first choice of solution.  
 

TABLE 18 
INBOUND STOCK IN 2010 

 

Month Shipment/Containers Inbound (kgs.) Origin stock 

Jan  
                            
252,000  Transfer stock from 2009 

Feb 7 
                            
147,000  New import for Safety stock 

Mar 5 
                            
105,000  New import   

Apr 5 
                            
105,000  New import   

May 7 
                            
147,000  New import   

Jun 7 
                            
147,000  New import   
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Jul 10 
                            
210,000  New import   

Aug 5 
                            
105,000  New import   

Sep 4 
                              
84,000  New import   

Oct 5 
                            
105,000  New import   

Nov 8 
                            
168,000  New import   

Dec 3 
                              
63,000  New import   

Total Inbound Stock 
                         
1,638,000  

The old stock = 252 Tons 
and New PO. = 1,386 Tons. 

 
 

TABLE 19 
OUTBOUND STOCK 

 
Outbound 

January to December 62 Shipments 
Weight     1,029,000 Kilograms 
Frequency outbound 21-42 Tons per week  

 
  In 2010, it had transfer stock from 2009 to 252,000 kilograms, but A company still have order pending, it seems 
like they omitted the old stock because they ordered the new shipment to supplier by 1,386,000 kilograms. However, 
outbound stock movement had 62 shipments or 1,029,000 kilograms only.   
 
As per the report, we have two points: 
 
1. Supplier export the big  shipment, 3-10 containers per shipment 
2. Buyer omit to review the old stock and new demand requirement  
 
 

TABLE 20 
INBOUND STOCK IN 2011 

 

Month Shipment/Containers 
 Inbound 

(kgs.)  Origin stock 

Jan 18 
  

378,000 Transfer stock from 2010 

Jan 6 
  

126,000 New import   

Feb 8 
  

168,000 New import   

Mar 4 
  

84,000 New import   

Mar 4 
  

84,000 New import   

Mar 4 
  

84,000 New import   

Apr 6 
  

126,000 New import   

May 5 
  

105,000 New import   
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May 5 
  

105,000 New import   

May 5 
  

105,000 New import   

Jun 4 
  

84,000 New import   

Jun 4 
  

84,000 New import   

Jun 4 
  

84,000 New import   

Jul 4 
  

84,000 New import   

Jul 3 
  

63,000 New import   

Jul 3 
  

63,000 New import   

Aug 7 
  

147,000 New import   

Aug 8 
  

168,000 New import   

Sep 7 
  

147,000 New import   

Sep 7 
  

147,000 New import   

Oct 8 
  

168,000 New import   

Oct 3 
  

63,000 New import   

Nov 3 
  

63,000 New import   

Nov 3 
  

63,000 New import   

Dec 9 
  

189,000 New import   

Dec 4 
  

84,000 New import   

Total Inbound Stock 
      
3,066,000  

The old stock = 378 Tons  and 
New PO. =2,688 Tons 

 
 

TABLE 21 
OUTBOUND STOCK IN 2011 

 
Outbound 

January to December 41 Shipments 
Weight    1,701,000  Kilograms 

Frequency outbound 21-42 Tons per week and 84 Tons per week 
in Week 3 of September to December due to Flooding situation  
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TABLE 22 
INBOUND STOCK IN 2012 

 

Month Shipment/Containers 
 Inbound 

(kgs.)  Month 

05.01.12 62 
  

1,302,000 
 Transfer stock 

2011  

20.03.12 3 
  

63,000 New import   

11.04.12 5 
  

105,000 New import   

23.04.12 5 
  

105,000 New import   

25.04.12 7 
  

147,000 New import   

03.05.12 7 
  

147,000 New import   

15.06.12 10 
  

210,000 New import   

30.06.12 5 
  

105,000 New import   

12.07.12 10 
  

210,000 New import   

15.08.12 6 
  

126,000 New import   

Total Inbound Stock 
     
2,520,000  

The old stock 
=1,302 Tons  and 
New PO. =1,218 
Tons 

 
 

TABLE 23 
OUTBOUND STOCK IN 2012 

 
Outbound 

January to December 58 Shipments 

Weight 
    
1,197,000 Kilograms 

Frequency outbound 21-84 Tons per week 
 
  As above reports, table 18 to table 23, we can summarize inbound and outbound for MSG as below: 
 
Inbound 
 
  Order quantities are over than production demand because the actual production quantity per week is minimum 
21 tons and Maximum 84 tons. Meanwhile, an import shipment quantity minimum 63 tons and Maximum 210 tons, they 
also have a buffer stock   336 tons at warehouse and transfer stock last year too. 
 
Outbound 
 
  Their outbound is constant they have production 21-42 tons per week and also 84 tons for long holiday or 
environment situation, flooding in 2011. 
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Logistics Solution 
 
A. Demand and Purchasing plan to effective cost and time.   
 
  After we got inbound and outbound data information of MSG, we have average 3 years ago by summary to be 
estimate demand plan for solution. 
 
  We select to maintain a buffer stock as per planner and production confirmation, 336,000 kgs. 
 
  Opening stock should be considered as per closing stock, which said the actual quantity that we produce goods. 
For report of below table, average closing stock 1,631 tons 
 

TABLE 24 
STOCK REPORT 2010 TO 2012 

 

      Year  
 Holding 

Stock (kgs)  
 Opening 

Stock (kgs)  
 Closing 

Stock (kgs)  

2010 
         
336,000      2,016,000        1,932,000  

2011 
         
420,000      2,289,000        1,722,000  

2012 
         
987,000      1,176,000        1,239,000  

Total      1,743,000   5,481,000      4,893,000  
Average 3 years         581,000   1,827,000      1,631,000  

 
Average the Holding stocks are 581,000 kgs. 
 
Average the Opening stocks, actual productions, are 1,827,000 kgs.  
 
  We select for new create solution and look into the point of it. We have 2 machines for production and the 
maximum production capacity per year is 2,016,000 kgs. Anyway, average production is 1,631,000 kgs. only and we 
must have stock cover 2 months for safety stock 336,000 kgs (16 containers). 
 

TABLE 25 
CURRENT STOCK MANAGEMENT 

 
Summary Inventory management (kgs.) 

Production capacity per year         2,016,000  
Safety Stock            336,000  

Average 3 years production         1,631,000  
 
  We got current report for make decision and estimate actual production by average volume around 1,631,000 
kgs., and we also maintain the same safety stock as per production and planner confirmation 336,000 kgs. in case of 
increasing demand to be maximum capacity, stock will be 2,303,000 kgs. which is cover their requirement. So, the best 
of opening stock is 1,967,000 kgs. as per safety stock and production requirement balancing.   
 

TABLE 26 
NEW STOCK MANAGEMENT FOR SUPPORT PRODUCTION 

 
Balance Stock for Production (kgs.) 

Production Plan     1,631,000  
Safety Stock        336,000  

Opening Stock     1,967,000  
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  The final result of change opening stock and control the reasonable inventory, that reduce warehouse storage as 
below: 
 
B. To correct import volume matching vessel schedule, warehouse management and production plan  
 
  As we said for introduction about vessel and plan scheduling for import shipment, logistics activities are 
blocked in business policy with supplier contract, plan schedule and vessel schedule must be matching by exactly time 
requirement and small gap timing. 
 
  So we are not only reduce an opening stock by order volume but we also review vessel schedule for manage 
import shipment by flexible and on time delivery, especially it must reduce cost too. 
 
Vessel schedule: 
Carrier 1, ETD WED by weekly, estimate to Laemchabang port on TUE, within 14 days 
Carrier 2, ETD SAT by weekly, estimate to Laemchabang port on SUN, within 15 days 
 
  The vessel from Xingang has every week by small shipment by 8 containers for 2 shipments and after that 2 
containers per shipment. And we will use the both carriers for flexibility shipment on time and reduce risk from 
environment too. 
 
1st shipment for safety stock = 8 containers, 168 Tons 
2nd  shipment for safety stock = 8 containers, 168 Tons 
3rd shipment to 37th shipment = 2 containers per time 
The last shipment = 3 containers 
Total import shipment =  40 shipments or 93 containers, 1,953 Tons 
 
 

TABLE 27 
SUMMARY TCO COST AND COST PER UNIT FOR NEW SOLUTIONS 

 

Cost Details 2010 2011 2012 New 
solution 

Volume Container for Import annual 
volume (21,000 Kgs. per container) 

  
96 

  
109 

   
56  

  
93 

Freight cost Xingang to Laemchabang  
  

961,248 
  

1,091,417 
   

560,728  
  

881,144 

Local Shipping and Transportation  
  

1,440,000 
  

1,635,000 
   

840,000  
  

1,395,000 

Warehouse management cost (3rd Party) 
  

4,490,760 
  

18,325,330 
   

12,958,270  
  

3,847,930 

Storage and Demurrage charge 
  

168,000 
  

190,750 
   

98,000  
  

-   

Product cost FOB Xingang 
  

907,200 
  

1,190,280 
   

576,240  
  

956,970 

Management cost  
  

21,620 
  

21,620 
   

21,620  
  

21,620 

 Total cost THB  
  

7,988,828.00 
  

22,454,397.00 
   

15,054,858.00  
 

7,102,664.00 

 Cost per unit THB/Kilogram  
  

3.96 
  

9.81 
   

12.80  
  

3.64 
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CONCLUSION 
 

Base on table 26 and 27, we should to have safety stock 336,000 kgs. at warehouse and we reduce the opening 
stock to closely with actual demand.  Anyway, our estimate volume calculating and press order to supplier should be split 
order and shipment by 2 containers per shipment by 2 carriers for 2 routings as to it will be safety transit time from 
seasoning situation and reduce holding cost at our warehouse. After we use new solutions as per table 28, we found the 
suitable solution for order plan, that has the warehouse management cost THB 3,847,930 for opening stock 1,953,000 
kgs., closing stock 1,617,000 kgs. and holding stock for buffer or safety stock 336,000 kgs.  
 

TABLE 28 
SUMMARY TOTAL COST OF WAREHOUSE MANAGEMENT COST 

 
Cost Details New solution 2012 2011 2010 

Total containers 
  

93 
  

96 
  

109 
   

56  

Opening stock 
  

1,953,000 
  

1,176,000 
  

2,289,000 
   

2,016,000  

Closing stock 
  

1,617,000 
  

1,239,000 
  

1,722,000 
   

1,932,000  

Holding stock (Last Year) 
  

336,000 
  

987,000 
  

420,000 
   

336,000  

Warehouse management cost 
  

3,847,930 
  

12,958,270 
  

18,516,080 
   

4,658,760  
Warehouse management cost per 
unit 

  
1.681 

  
5.991 

  
6.835 

   
1.981  

 
We have cost saving for new solution from average cost 3 years compare with new solution we have cost saving 

of warehouse management for A company 65.94% or THB 6,356,044.44, as per table 29. 
 
 

TABLE 29 
FINAL RESULT OF COST SAVING 

 

Description 
Cost per unit 

(THB) 
Opening stock 

(kgs.) 
Warehouse Management Cost 

(THB) 

 Average cost per unit for 3 years shipment  4.936      1,953,000                  9,639,140.68  
New solution cost  1.681      1,953,000                  3,283,096.24  
Cost saving                     6,356,044.44  
Cost saving %                                65.94  

 
 

TABLE 30 
TCO COST SAVING FOR NEW SOLUTION COMPARE WITH 2010-2012 

 

Period Details Cost per Unit (THB/KG) Comparing Saving THB Comparing Saving % 
New Solution           3.64  -  - 
2012         12.80                  9.16     71.59 
2011           9.81                  6.17     62.93 
2010           3.96                  0.33       8.22 

 
After that we have compare TCO cost for new solution with previous 3 years, it can save our cost to 71.59% in 

2012, 62.93% in 2011 and in 2010 8.22%. 
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ABSTRACT 

 
For many industrial companies that have previously been totally product- or technology-oriented, the transfer to 

the development of services may be difficult. From a theoretical point of view, it is about the movement from a Goods-
Dominant (G-D logic) logic towards a Service-Dominant logic (S-D logic). Customer understanding and end-user 
requirements are the starting point of industrial service business development. S-D logic is also based on customer 
orientation. Our focus is on small and medium-sized manufacturing companies, who have a long history of goods 
manufacturing but are now developing industrial services. During this development, manufacturing SMEs have faced the 
challenge of global service supply chain management. The challenge is related to their delivery of service goods and their 
presence at customer locations around the world. This paper discusses how an S-D logic approach can help industrial 
companies to develop service business. Service-Dominant logic defines ten Foundational Premises as the core of the 
theory, and we have applied parts of S-D logic to the development of service offerings and deepening of customer 
orientation. 

 
KEYWORDS 
Global Service Operation, SME, Service-Dominant Logic 
 
 

INTRODUCTION 
 
Finland is a small economy with five million people in Northern Europe, yet nevertheless some global brands 

originate from the country. Wärtsilä is a Finnish global brand, producing diesel engines for ships and other energy sector 
products. Normet is an example of a global mining industry vehicle and equipment manufacturer. Apart from the 
consumer brand Nokia, there are in fact quite a large number of globally well-known niche market brands that come from 
Finland. Common to these global brands is their service business. OEM (Original Equipment Manufacturer) firms have 
tended to add more service products to their core products (Laine et al. 2004). The term ‘servitization’ was used even 
decades ago to describe the phenomenon whereby firms previously known as manufacturers add services to their total 
offering (e.g. Vandermerwe and Rada, 1988). Service offerings are typically installation, maintenance, spare parts, 
recycling, etc. Normet, for example, say on their web-pages “Normet people, tools and programmes take good care of 
your Normet machine worldwide and keep it performing productively and safely with predictable costs” (Normet, 2012). 
Industrial companies within business-to-business markets often find service business more profitable and faster growing 
than traditional product business (Korhonen and Kaarela, 2011). Companies within the Finnish machine manufacturing 
industry often view service business as a possibility of transforming their business model from being machine suppliers 
into being solutions providers, maintenance partners, performance partners, and value partners (ibid). After-sales service 
usually forms the first step in servitization, and when the firm notices the economic potential of services, the total 
offering is expanded and additional services, such as training and consultancy, are included (Turunen and Toivonen, 
2011). From the practitioner’s point of view, a transformation towards services is obvious, because products are 
including more and more high-tech, embedded intelligence and software. It is no longer an easy task to maintain or repair 
industrial equipment. There has been a similar development in cars, because today you can do almost nothing to your 
private car apart from driving it and adding fuel. Your car has to be maintained and repaired by an official dealer in order 
for you to keep up the manufacturer’s guarantee.   

 
Service-dominant (S-D) logic represents a departure from the traditional foundational, goods- dominant (G-D) 

logic of exchange, in which goods were the focus of exchange and services represented a special case of goods (Vargo 
and Lusch, 2006). S-D logic has discussed value co-creation in production and consumption contexts. However, co-
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development with customers and users is an emerging issue in research and practise, and it is not an easy topic for B2B-
environment SMEs. This paper is based on findings from two industrial manufacturing company cases in Finland, which 
have developed B2B industrial service ecosystems. An important viewpoint in a global context is the delivery of goods 
and services. The delivery of goods and services for the manufacturing SME in a global business is a great challenge, but 
the resource integration approach of S-D logic will help in the realisation of supply chain management processes. S-D 
logic replaces the concept of a supply chain with a network concept referred to as a ‘service ecosystem’ (Lusch, 2011). 
The paper answers the question of how S-D logic theory supports the practical development of service business in the 
manufacturing context, on the other words how to develop a service ecosystem.  
 
 

METHODOLOGY AND RESEARCH APPROACH 
 
The G-D logic purpose of economic activity is to make and distribute units of output, preferably tangible units, 

i.e., goods (Vargo and Lusch, 2006). Goods are embedded with utility (value) during manufacturing, and the goal is to 
maximize profit through the efficient production and distribution of goods. Incorrect thinking about services in the G-D 
logic perspective is that services are value-enhancing add-ons for goods (ibid.). According to S-D logic, the service is the 
process of using one’s competences to the benefit of some party, in other words, service is the application of knowledge 
and skills. S-D logic perspective has proved to be an efficient eye-opening approach to the development of service 
business, and S-D logic can be seen as a facilitator of servitization also in manufacturing industries. We have used S-D 
logic approach, despite S-D logic have been sometimes criticized quite strongly (e.g. O’Shaughnessy, 2009). S-D logic 
developers have responded to the criticism (Lusch and Vargo, 2011), so we decided to rely on S-D login in this research. 
The development in this research has been done according to Yin’s (2003) case study research methodology. We have 
used literature findings when trying to find service innovations within case studies. By using workshops, we have 
developed the service models for case companies. Companies have implemented new service models, and we have 
analysed how successful this development has been.  

 
 

Service-Dominant logic support for service development  
 
A fundamental aim of service business development is the creation of a service ecosystem, in which social and 

economic actors, interacting through institutions and technology: (1) coproduce service offerings, (2) exchange service 
offerings and (3) co-create value (Lusch, 2011). When developing a service ecosystem in practice, practitioners should 
turn their mind-set from product orientation towards service orientation. For this reason, we first present the ideas of 
Service-Dominant logic. Service-Dominant logic is grounded in the ten Foundational Premises, FPs10 (Vargo and Lusch 
2008), which are presented in Table 1.  

 
TABLE 1 

FOUNDATIONAL PREMISES OF SERVICE-DOMINANT LOGIC  

 Foundational Premise Explanation/Justification 
FP1 Service is the fundamental basis of 

exchange. 
The application of operant resources (knowledge and skills), 
“service,” is the basis of all exchange. Service is exchanged 
for service. 

FP2 Indirect exchange masks the 
fundamental basis of exchange. 

Goods, money, and institutions mask the service-for-service 
nature of exchange. 

FP3 Goods are distribution mechanisms for 
service provision. 

Goods (both durable and non-durable) derive their value 
through use – the service they provide. 

FP4 Operant resources are the fundamental 
source of competitive advantage. 

The comparative ability to cause desired change drives 
competition. 

FP5 All economies are service economies. Service is only now becoming more apparent with increased 
specialization and outsourcing. 

FP6 The customer is always a co-creator of 
value. 

Implies that value creation is interactional. 

FP7 The enterprise cannot deliver value, but 
only offer value propositions. 

The firm can offer its applied resources and collaboratively 
(interactively) create value following acceptance, but cannot 
create/deliver value alone. 
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FP8 A service-centred view is inherently 
customer-oriented and relational. 

Service is customer-determined and co-created; thus, it is 
inherently customer-oriented and relational. 

FP9 All economic and social actors are 
resource integrators. 

Implies that the context of value creation is networks of 
networks (resource-integrators). 

FP10 Value is always uniquely and 
phenomenological determined by the 
beneficiary. 

Value is idiosyncratic, experiential, contextual, and meaning 
laden. 

Source: (Vargo and Lusch, 2008) 
 
According to S-D logic, service is the basis of all exchange (FP1), which means that service is always 

exchanged for service. In this way, S-D logic argues that all economies are service economies (FP5). In service-for-
service exchange money is still used by organisations exchanging services (FP2). Vargo and Lusch (2008) argue that the 
process of value creation within and between service systems becomes increasingly complex and less apparent as 
intermediary systems develop. That is one challenge in the development process of service business. The goods are 
distribution mechanisms for service provision (FP3), but the goods are not the primary purpose or fundamental source of 
exchange and value creation. Value is created in services based on the skills, knowledge and resources a service supplier 
provides and contributes to the service exchange process (FP4). S-D logic continues that value is always co-created 
together with the customers and others (FP6), and that customer orientation is the basis of the value delivery process 
(FP8). On the other hand, suppliers cannot create and deliver value; they can only propose value (FP7). A physical and 
tangible product provides value when you use it. In the case of services, value is phenomenological and contextually 
derived by the customer (FP10). S-D logic defines that the service systems are characterized as resource integrators 
(FP9). 

 
We have used S-D logic Foundational Premises as the basic ideology for the development of the service 

business. Case companies should understand the philosophy of the service business; they should analyse their customers’ 
needs and finally create value provision. We have created Service Development Phases (SDP), for defining the required 
steps in the service business development process. There is a strong link in the development phases to S-D Foundational 
Premises. The development begins with an analysis of the company’s present state and its strategy (SDP1). The strategy 
should be changed from product orientation to service orientation. In this phase, the company should define its aimed 
services and value proposition, how they will provide value in the future, and how to act as a part of a service economy. 
The second step is the analysis of product offering, its features and value in use, and mechanisms for service provision 
(SDP2). The next step is the creation of a service-centred view through customer analysis, new customer segmentation 
according to the potential service customers and existing customers for sold products (SDP3). A service-centred view 
means more a customer-oriented approach to business processes and the co-creation of value. The following step is the 
analysis and development of a product lifecycle model (SDP4). The product is the core of many Goods-Dominant 
businesses, but in the S-D approach goods are delivering value in use for customers. Services are developed for 
supporting the entire product lifecycle (SDP5), and the service offerings can be modular and packed as service packages 
for the customer (SDP6). Service offering is produced by the supplier, consumed by the customer and its value is co-
created. The next step is the creation of a service organisation for the company itself or outsourcing a local service near 
the customer site (SDP7). Resources are the fundamental source of competitive advantage, whether it is the company’s 
own or an outsourced resource, and resources create value as networks of networks (resource-integrators). Organization, 
in particular, is really challenging for SMEs selling products worldwide, because the services always need a local 
presence. It is easy to sell and deliver spare parts globally, but the maintenance operation and all services at the customer 
site are the most challenging part. Then earning logic and pricing models should be created for the services (SDP8). 
Services are creating value for the customer, but the question is how much and what kind of value? It is a complicated 
task to decide how much customers are willing to pay for value-added services (Laine et al. 2004). A movement from 
goods orientation to service orientation also requires new models for marketing and sales(SDP9). Product catalogue and 
technical specification is easy to understand, and it is quite easy to sell concrete products. Service is much harder to sell, 
but again the link to value should be the basis for the marketing and selling processes. After all the parts mentioned 
above are completed, the company should launch its service offering on the market (SDP10), and, according to feedback 
and experiences, the service offerings should be updated and improved (SDP11). Table 2 summarizes the link between 
the Service Development Phases and S-D Foundational Premises.   
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TABLE 2 
SERVICE DEVELOPMENT PHASES RELATION TO S-D FOUNDATIONAL PREMISES 

 Service Development Phases 
S-D Foundational 

Premise 
S

DP1 
Company present state and strategy FP1, FP5, FP7 

S
DP2 

Products and its features FP3 

S
DP3 

Customers, segments, needs FP6, FP8 

S
DP4 

Product lifecycle FP3 

S
DP5 

Services along product lifecycle FP1, FP3 

S
DP6 

Service offering, service modules FP1, FP6 

S
DP7 

Service organisation, service processes FP4, FP9, FP10 

S
DP8 

Earning logic, service pricing models, service value FP2, FP6, FP7, FP9, FP10 

S
DP9 

Service sales and marketing models FP2 

S
DP10 

Service launcing to markets FP5, FP10 

S
DP11 

Follow-up and improvements FP1 

 
During this development customer can be involved in the process. It is valuable to ask the customer about their 

service requirements, opinions and objectives. It is much easier to sell services when the customer has had the 
opportunity to share ideas during their development. 

  
 

CONCLUSION 
 
We have used an S-D logic approach to provide new ideas for goods and service development. This paper has 

answered the question how S-D logic theory supports the practical development of service business in a manufacturing 
context. Our Service Development Phases describe the general approach for service development. Each phase needs deep 
analysis and close collaboration with the customers in order to ensure that the services fulfil their requirements and 
needs. Even SMEs can easily develop their service offering, but delivery processes are the most challenging part of the 
service business. A global presence at the customer site during installation, maintenance or modernisation should be 
maintained either by the company itself or by an outsourced supplier. If the company outsources local service, it is 
crucial to select the right value partner. The services at the customer interface can create more product and service 
business, but a bad customer experience can lead to the end of the customer relationship.   
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ABSTRACT

This research analyses how well the priorities of third party logistics providers in the UK are aligned to that of 
their customers and how these priorities change dependent upon industry segment and size. The data gathering was 
achieved mainly through a quantitative dyadic questionnaire although qualitative semi-structured interviewing will 
take place following the pilot of the questionnaire. The research builds on the logistics service quality scale (LSQ) and 
the subsequent refinement that made the scale relevant to the UK market. The study uses dyadic survey results collected 
from third party logistics providers and clients focusing on the retail and manufacturing industries. The results provide 
empirical support for the differentiation of service priorities by customer segment and organisational size, showing a 
clear dichotomy between the perceived priorities of 3PL suppliers and the actual priorities of their customers. The 
research confirms previous findings that a service gap exists between what clients want against what they are actually 
receiving. The results of this research should improve the profitability and reputation of both suppliers and clients 
through better resource allocation, investment decisions, service quality and the ability of 3PL organisations to be able to 
employ mass customisation strategies to their logistics provision. 

KEYWORDS
Service, Outsourcing, Third Party Logistics

INTRODUCTION

The most widely accepted of service based measurement tools for Logistics is the Logistics Service Quality 
(LSQ) scale that was originally developed by Mentzer et al. in 1999. This scale was built on the SERVQUAL model of 
Parasuraman et al. (1985). The SERVQUAL tool was based on five main dimensions: tangibles, responsiveness, 
empathy, reliability and assurance to measure quality of service and was mainly focused on retail and end-use consumer 
services (Bienstock et al 1997). The challenge was to take this broad conceptual framework and apply it to the industrial 
marketing arena (Bienstock et al. 1997). Bienstock et al. (1997) had attempted this with their research into ‘measuring 
physical distribution quality’ and this scale was then further adapted for the logistics market by Mentzer et al. (1999) to 
create the LSQ scale. LSQ aimed to create a tool that could measure the physical distribution service (PDSQ), as well as 
the marketing customer service (MCS) (Mentzer et al. 1999). Mentzer et al. (1999) argue that both elements must be 
satisfied, in order that 3PL suppliers can achieve all three elements of customer service, as defined by LaLonde and 
Ziszer (1976). They describe customer service, as an activity to satisfy customers’ needs, performance measures to 
ensure customer satisfaction and a philosophy of firm-wide commitment. The research followed the SERVQUAL and 
PDSQ models of semi-structured qualitative interviews and questionnaires to develop and refine a scale that could be 
used to adequately measure logistics quality service across all market segments. The research was undertaken on the US 
market and the original questionnaire was distributed to over 16,000 respondents. The LSQ centered on a list of nine core 
competencies, which are defined as follows: 
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TABLE 1
THE NINE CORE COMPETENCIES OF THE LSQ CONSTRUCT

Source: Bienstock et al. (1997); Mentzer et al. (1999, 2001); Davis and Mentzer (2005); and Rafiq and Jafaar (2005, 
2007)

OBJECTIVES AND FOCUS OF STUDY

This study will focus on the retail, including fast moving consumer goods (FMCG) and the manufacturing 
industries and will be aimed at the both the 3PL clients and suppliers that currently service these industries. 
Manufacturing, retailers and 3PL providers make up most supply chains in the UK (Rafiq and Jafaar, 2005, Niraj et al. 
2001). Manufacturing and Retail (including FMCG) made up 82% of the total UK logistics market and over $39.9 
Billion of the total $48.7 Billion in 2008 (datamonitor, 2009). 

The outlines of the objectives of the research are as follows:

1. Understand whether the service priorities of 3PL clients vary by industry sector
2. Understand whether the service priorities of 3PL clients vary by size 
3. Understand whether the service priorities of Retail and Manufacturing clients vary to the perceived priorities of 

the 3PL suppliers that serve them

RESEARCH DESIGN

The research design followed quantitative cross-sectional survey methodology and was based on the Total 
Design Method of Dillman (DeRada, 2005) to collect the necessary data. The cross-sectional dyadic survey was 
constructed using the objectives of the research and identified gaps in the existing research as identified in the literature. 
Survey development was achieved through the thorough literature review and took into account the methodologies of 
Mentzer et al. (1999, 2001), Rafiq and Jafaar, (2005, 2007) and Grawe et al. (2012). The data was collected over a three-
week period from April to May 2012. The final respondent levels along with the total surveys sent are displayed in the 
table below:
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Design Method of Dillman (DeRada, 2005) to collect the necessary data. The cross-sectional dyadic survey was 
constructed using the objectives of the research and identified gaps in the existing research as identified in the literature. 
Survey development was achieved through the thorough literature review and took into account the methodologies of 
Mentzer et al. (1999, 2001), Rafiq and Jafaar, (2005, 2007) and Grawe et al. (2012). The data was collected over a three-
week period from April to May 2012. The final respondent levels along with the total surveys sent are displayed in the 
table below:

TABLE 2
SURVEY RESPONDENTS

SURVEY RESULTS AND DISCUSSION

This section looks at which sections of the LSQ are most important to 3PL Clients and Suppliers. All 
respondents were asked to rank each of the aspects of LSQ from 1 to 9, with one being the most important to them and 9 
being the least. Table 10 below shows the mean averages of these results from the respondents: 

TABLE 3
LOGISTICS SERVICE QUALITY PRIORITIES BY CLIENT AND CUSTOMER SEGMENT

(1=HIGHEST PRIORITY TO 9=LOWEST PRIORITY) (SD – STANDARD DEVIATION)

This table shows the mean priorities of all nine of the main LSQ headings. It is apparent from the table that there 
are a few discrepancies in what clients actually want and what they are currently getting from suppliers in terms of 
logistics service quality. All results were ‘F’ tested (based on F-value or ratio) and were found to be within the observed 
significance level where the mean is above 0.05. This methodology of validity testing was used due to the small survey 
sample and as per the research of Rafiq and Jafaar (2005).
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Retail

According to this research, the main priority of retail clients in the UK is Order Accuracy, rated at 2.2. 3PL 
suppliers however have this as third in their list, rated at 2.6. The other aspects that appear to show the largest difference
are personnel contact quality and order discrepancy handling, which the retail clients prioritise much higher than the 
perception of their suppliers. This suggests that retailers put far more emphasis on the more functional aspects of LSQ 
than is currently perceived by their suppliers, who may be at risk of prioritising the technical aspects without as much 
concern for the functional. These results appear to back-up the research of Rafiq and Jafaar (2007), who also found a 
higher than expected importance placed on some of the functional aspects of LSQ. 3PL suppliers should focus on these 
areas if they wish the perception of their overall service to improve.

Manufacturing

The manufacturing priorities appear to be more closely aligned between client and supplier. However, as per the 
retail results, manufacturing suppliers appear to be significantly underestimating the personnel contact quality and order 
discrepancy handling elements of the scale. As with the retail suppliers, too much emphasis appears to be being placed on 
information quality and manufacturing. 3PL suppliers should take time to ensure that their perceived priorities are 
aligned to those of their clients, to improve perceptions of overall service quality.

Manufacturing / Retail Organisations

Table 10 clearly show that although the priorities of retail and manufacturing clients follow a similar trend, there 
are different priorities for each. Manufacturing clients appear to place slightly more emphasis on the technical aspects of 
the LSQ.

SME’s / Large Organisations

SME’s appear to be the most focused on the technical aspects of LSQ, i.e. order quality and accuracy. This 
could be that due to the fact that they do not have the ability to use economies of scale and cost reduction against their 
larger competitors, quality and the more technical aspects of LSQ become more important, as there is an increased 
pressure to deliver consistent levels of better quality than their larger peers. SME’s also place the most significance on 
personnel contact quality, which at present does not appear to be recognised by the 3PL suppliers in these areas. It 
appears that smaller organisations place the most emphasis on relationship-related aspects of service. Further research 
could be carried out in this area, in particular to understand why this is the case.

CONCLUSION

The results of this research present several key findings on logistics service quality priorities in the UK. The 
research predominantly builds on the work of Mentzer et al. (1999, 2001) and Rafiq and Jafaar (2005, 2007) to confirm 
that customer preferences vary by industry sector and organisational size but also that the perceived service priorities of 
3PL providers differ from the actual priorities of the industries and organisations which they service. This research backs 
up the supposition by Mentzer and Davis (2006) that a service gap exists between these two elements of LSQ. The study, 
which is the first completed across industry sectors comparing actual against perceived priorities, demonstrates that 3PL 
providers in some cases are focussing on service quality areas which are not aligned to that of their customers. This could 
mean that currently precious capital is being invested in areas that will either do nothing to improve the service quality 
perception of their suppliers or worse, be invested in an area that is not significant to the client’s competitive advantage.
In order that 3PL providers remain competitive, attention should be paid to adjusting service provision by industry sector 
or size, in line with the results. 3PL organisations that are able to gain a deeper understanding of their clients and 
consistently meet and exceed their service quality priorities and create complementary marketing, should be able to 
increase profits and market share. The most significant gap between perception and priority appears to be around 
personnel contact quality, with manufacturers, retailers and SME’s all rating it as considerably more important than was 
perceived by the 3PL suppliers. This element seems to concur with the qualitative study of Garver and Mentzer (2000) in 
the US that suggested that 3PL clients wanted more knowledgeable contact people who understood the service and were 
able to talk on a more strategic level. Further research needs to be carried out in the UK in this area, to understand which 
areas of personnel contact quality and why, are most important to 3PL clients.

The primary goal of this research was to understand whether the service priorities of 3PL clients varied by 
industry and in the case of retail and manufacturing, the research and collected data presented shows that they do. Further 
research now needs to be conducted on a larger sample across more industries to understand whether all service priorities 
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vary across all industries and how. It is hoped that this research will help both practitioners and academics in better 
understanding logistics service quality and the priorities within the UK market, as well as providing a foundation for 
future research.
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ABSTRACT 

 
This second part of the research analyses how the levels of information communication technology (ICT) 

employed by a supplier and their green profile could be affecting their ability to remain competitive. The data gathering 
was achieved mainly through a quantitative dyadic questionnaire, following Dillman’s Total Design Method although 
qualitative semi-structured interviewing will take place following the pilot of the questionnaire. The study uses dyadic 
survey results collected from third party logistics providers and clients focusing on the retail and manufacturing 
industries. The results from this part of the survey provide empirical support that the research demonstrates the service 
quality priorities of industry segments as well as the level of importance placed on ICT and green profile. The results of 
this research should improve the profitability and reputation of both suppliers and clients through better resource 
allocation, investment decisions, service quality and the ability of 3PL organisations to be able to employ mass 
customisation strategies to their logistics provision.  
 
KEYWORDS 
Service, Outsourcing, Third Party Logistics 
 
 

INTRODUCTION 
 

The green profile of organisations and supply chains has gained increasing momentum over the last few years, 
with increasing legislation in the UK affecting road transport. Just in time strategies, often mean that vehicles are 
travelling half loaded in order to keep inventory costs low and deal with real-time demand. Consumer pressure and the 
proliferation of internet shopping and associated home deliveries and collections has also meant that vehicles are now 
delivering more goods to customers’ homes, rather than goods being collected by the end consumer, compounding the 
environmental conundrum (Srivastava, 2007). Environmental sustainability is not only a regulatory and economic 
problem for organisations; it is increasingly becoming an issue for public relations through community pressures and the 
rise of corporate social responsibility.  

 
As companies face mounting pressure from all stakeholders, such as governments, clients, directors, local 

communities, shareholders and employees, to improve their levels of sustainability, supplier selection and overall supply 
chain sustainability is just the next step (Lee, 2010). Despite the paradoxes, it appears that it is possible to balance the 
need to be more environmentally conscious and remain competitive; in fact some organisations are using their green 
profile as a means of competitive advantage (Srivastava, 2007). Organisations, practitioners and researchers are 
increasingly looking beyond the organisational level perspective of environmental sustainability to green supply-chain 
management (GrSCM). 
 

The rise of reverse logistics means that firms can collect and re-manufacture new products from old, rather than 
exacerbating problems by using diminishing raw materials or adding to increasingly overflowing waste sites (Srivastava, 
2007). Srivasta (2007, p.68) believes that when done correctly “…GrSCM can reduce the ecological impact of industrial 
activity without sacrificing quality, cost, reliability, performance or energy utilisation efficiency”. Although 
improvements in technology such as environmental management systems (EMS), global positioning system (GPS), 
satellite navigation and vehicle routing software have assisted 3PL organisations to reduce fuel consumption, this is often 
done as a way to reduce cost rather than improve sustainability (Hague, 2008). Despite the increasing emphasis on 
environmental sustainability, there is a paucity of research as to the current importance that this area plays within the 3PL 
provider selection process and how well aligned these priorities are between client and supplier. This research aims to 
understand the current level of importance placed on greed issues by clients and 3PL suppliers in the UK. 



544 Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

The research of Richey et al. (2012) highlights the increasing need for organisations to improve the level and 
sophistication of ICT employed in order that they can compete. The Rafiq and Jafaar study of 2007 stressed the need to 
expand on the Information Quality section of LSQ, due to the increase in reliance within the industry of ICT such as 
electronic data interchange (EDI), the Internet and email. Other research conducted by Kent & Mentzer (2003), Zacharia 
& Mentzer (2004), Bowersox et al. (2008), Kahn et al. (2006) and the aforementioned study of Richey et al. (2012) 
focuses on the importance of ICT within logistics and supply chain operations. It also supports the level of ICT 
sophistication and ability to integrate ICT as an area essential to overall supply chain collaboration and competitive 
advantage. Rogers et al. (1991), believe that “the difference between mediocre and excellent logistics is often the firm’s 
information technology capabilities (cited in Zacharia & Mentzer, 2004, p192)”. 
 

The research focuses on the importance of ICT, strategy, relationships and environmental issues when selecting 
or working with a 3PL provider. Control questions were kept to single item measures, as multi-item measures were felt to 
need too large a sample group to gain meaningful results. Once again the supplier questions mirrored that of the client 
questionnaire, to understand how important suppliers felt that these areas were within their own businesses and to 
determine if a ‘priority gap’ exists between client and supplier. 
 
 

METHODOLOGY 
 

The research used a combination of peer-related literature review and quantitative methods consisting of cross-
sectional dyadic surveys to record the required data. The research design followed quantitative cross-sectional survey 
methodology and was based on the Total Design Method of Dillman (DeRada, 2005) to collect the necessary data. 
Survey development was achieved through the thorough literature review and took into account the methodologies of 
Mentzer et al. (1999, 2001), Rafiq and Jafaar, (2005, 2007) and Grawe et al. (2012).  
 
Objectives - To understand how important relationships, ICT levels and green profile are in the supplier selection 
process by industry segment. Also to explore how well aligned these elements are to that of the 3PL providers that 
currently serve each segment. 
 
Hypotheses - Due to the extra pressure on larger companies to compete, it would seem logical to hypothesise that the 
larger the organisational size, the more emphasis that will be placed on quality, ICT levels and green profile when 
selecting 3PL providers.  
 
H1 – Larger Organisations will have greater focus on quality, ICT and green profiles 
H2 – SME’s will have greater focus on quality, ICT and green profiles 
 
 

ENVIRONMENTAL CONSIDERATIONS 
 

The part of the questionnaire for the 3PLs green profile focused on the environmental considerations of 
organisations surveyed and the level of priority placed on three main considerations. 
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TABLE 1 
ENVIRONMENTAL CONSIDERATIONS 

 

 
 

Table 1 shows that 3PL clients and suppliers are fairly well suited in terms of environmental considerations, 
certainly in terms of prioritisation and investment. Interestingly it seems that there is much more emphasis on green 
profile within the retail industry than there is within manufacturing. The SME’s and larger organisations seem to be 
broadly in line with the rest of the client organisations. Although most 3PL providers appear to agree that environmental 
sustainability is a priority, this does not appear to be a concern for them elsewhere within their supply chain, with 100% 
of retail 3PL suppliers and 78% of manufacturing 3PL suppliers answering that green profile of clients or suppliers 
would not be a consideration (see graph below in figure 4). In contrast, 55% of retailers and 52% of manufacturers would 
only partner with organisations that have at least the same standards of green credentials as themselves. As 
environmental focus moves from individual organisations to the whole supply chain, 3PL suppliers must ensure that their 
green profiles are aligned to that of their customers, to avoid clients looking elsewhere (Lee, 2010). 

 
 

ICT CONSIDERATIONS 
 

The second part of the questionnaire focuses on the ICT considerations of organisations surveyed and the level 
of priority placed on the green profile. 

 
TABLE 2 

ICT CONSIDERATIONS 
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Table 2 shows that 3PL clients and suppliers are fairly well suited in terms of ICT considerations. The only 
cause for concern from the results would be that it seems although 95% of 3PL suppliers to the retail industry believe that 
ICT is a priority, only 32% possess a sophisticated level and only 18% - 23% see this as a priority when deciding to 
partner with clients and suppliers. The larger organisations (£50M+) have the most sophisticated ICT, which would be in 
line with budgets etc. Kent and Mentzer’s (2003) study strongly suggests that retail clients will be far more committed to 
the on-going relationship, if the supplier has invested in IOIT. This study appears to back up the research for the UK, 
suggesting that 57% of retailers have a sophisticated level of ICT and 40% would only partner with other organisations 
that either have a sophisticated level of ICT and/or the ability to integrate ICT across organisations. Once again 3PL 
suppliers must be careful that they are investing in this area, as based on these results, there appears to be a gap between 
what retailers want and what they are currently receiving from 3PL suppliers. According to the study a comparably large 
proportion of SME’s possess a sophisticated level of ICT and are more conscious of their ability to integrate ICT with 
supply chain partners. As smaller organisations will find it hard to compete on economies of scale, it is likely that 
sophisticated, integrated ICT allows them to automate processes and provide competitive advantage to some of the larger 
players (Kent and Mentzer, 2003). Although size can be an advantage in terms of procurement and economies of scale, 
when it comes to ICT, SME’s should be able to implement new systems with fewer problems than larger more 
fragmented organisations, meaning they are at an advantage when keeping up to speed with technological change (Kent 
& Mentzer, 2003). 
 

Based on Table 3, H1 is accepted and H2 rejected. This is due to larger organisations only having on average a 
1% greater focus on green profile and SME’s being more quality and ICT focused overall. 
 

TABLE 3 
ICT, QUALITY AND GREEN FOCUS 
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MANAGERIAL IMPLICATIONS AND RESEARCH VALUE 
 

The research shows that across all four sectors measured (retail, manufacturing, large organisations and SME’s), 
retail clients are more sensitive around ICT and green profile and therefore investments will need to be made in these 
areas by 3PL suppliers, in order to remain competitive. For new entrants into the 3PL market, this research should 
provide a good understanding of the potential barriers to entry, in terms of service provision and expected ICT and green 
credentials for each of the researched sectors. 
 

Although further research is needed to expand the survey sample size and across different sectors it is hoped that 
through a greater understanding of service quality priorities, service provision, ICT levels and environmental 
considerations, 3PL organisations will be able to implement mass customisation strategies to their service provision, 
dependent upon the industry and size of organisation served or targetted. 
 

The research demonstrates the service quality priorities of industry segments as well as the level of importance 
placed on ICT and green profile. Although the primary benefits are aimed at 3PL providers, it is hoped that the 
information will assist in improving service levels to specific industries and go toward improving the efficacy of supply 
chains as a whole. This means that many of the benefits listed above will also be shared by the industry sectors served. It 
is hoped that by providing 3PL suppliers with the information needed to better understand the priorities of their 
customers individually, this will enable them to better differentiate their service offerings within the market by focusing 
on meeting the specific needs of the customer’s operation. 
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ABSTRACT

This study presents a Cost Equation Model for analyze overall reverse logistics operation cost and determine 
where to spend the limited time, financial resources and also help to identify profit opportunities that conducted to 
reverse logistics retailers in Thailand. Reverse Logistics (RL) processing is made up of many people, processes and 
costs, so it can be a considerable challenge to assess where to achieve the biggest return for time or money invested. 
Reverse logistics Cost Equation are all costs that related to moving and handling the returning units as well as the cost 
related to the shipping of any replacement units.

KEYWORDS
Cost Equation, Reverse Logistics, Thai Logistics Retailers 

INTRODUCTION

Recently in Thailand, many retailers logistics service providers still has spend more costs and wastes in each 
reverse processing. Reverse Logistics Cost Equation Model are all costs that related to moving and handling the 
returning units as well as the cost related to the shipping of any replacement units. Reverse Logistics processing is made 
up of many people, processes and costs, so it can be a considerable challenge to assess where to achieve the biggest 
return for time or money invested that related to moving and handling the returning units as well as the cost related to the 
shipping of any replacement units.

The aims of this studied is for every reverse Logistics Professional is to increase profits by improving the 
handling of any returns. Returns processing is made up of many people, processes and costs.  The purpose of this study is 
aims to 1) to investigate on Reverse Logistics Cost Equation model, and 2) to adapt this model for cost minimization and 
time for Thai retailers.  

REVIEW OF LITERRATURE

Reverse Logistics

Logistics involves the moment of physical goods from one location to another and   third-party transportation 
companies. Reverse logistics can be defined as the reverse process of logistics. Traditionally, reverse logistics has been 
viewed primary as the process of recycling products. Toda y, definitions vary depending on what company or segment 
of industry is attempting to define it. Retailers see reverse logistics as a way to get product that has been returned by 
consumer back to the vendor [2].
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FIGURE 1
REVERSE LOGSITICS PROCESS

Reverse Logistics Cost Equation

Reverse Logistics Cost Equation is an assembly of the key of cost components or categories related to the 
creation, handling, processing and final disposition of the return.

The Reverse Logistics Cost Equation is an assembly of the key cost components or categories related to the 
creation, handling, processing and final disposition of a return item [2].

The Reverse Logistics Cost components are consist of 1) Processing cost 2) Logistics costs 3) 
Credits/Replacement costs 4) Asset Depreciation.

The equation is as follows [4]:

Processing Cost + Logistics Costs + Credits/Replacements Costs + Asset Depreciation = Total Reverse 
Logistics cost.

Processing Costs: are all costs incurred to process and handle returns.

Logistics Costs: are all costs related to moving and handling the returning units as well as the cost related to the 
shipping of any replacement units. This may include freight costs for pickup and for shipping. It may also include 
warehouse handling and storage costs not already captured as a processing cost above.

Credits/Replacement Costs: most products that are returned require the issuance of a credit or the exchange with the 
same or a similar replacement product.

Asset Depreciation: most returned products have some value, whether it can be re-stocked, refurbished or even sold as 
scrap. Often these items have a higher recovery value than you may think. It is very important to consider the financial 
value that may be lost over time if these returned products are held too long and not dispositional quickly.
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FIGURE 2
TOTAL REVERSE LOGSITICS COSTS

Reverse Logistics for Retailers

Reverse logistics refers to a set of programs or competencies aimed at moving products in the reverse direction in 
the supply chain (i.e., from consumer to producer). The goal is to maximize value from returned items and insure their 
proper disposal or both.

FIGURE 3
THE REVERSE LOGSITICS FOR RETAIL

Impact of a Reduction in the Reverse Logistics Cost Equation Components

A reduction in any one of these Reverse Logistics Cost Equation components goes straight to corporate bottom 
line profit. So what happens to corporate profits when make small improvements to each of these cost components? In
small improvement in any cost component the impact will be impacts to other component.

In financial perspective, every changed in cost component will be saved money or reduce timed. When
performing analysis of potential profit improvements in each cost equation components of reverse logistics the inter- 
relationship or effect that one equation component can have on the others as shown in the sample below.  Processing cost 
can drives Logistics costs, Credits/Replacements Cost and Asset Depreciation [4]
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TABLE 1
IMPACT OF REDUCTION IN REVERSE LOGISTICS COST EQUATION COMPONENTS

Cost Component
Potential Saving Rang

$ (very small) to $$$$$ (very large)

Processing Costs $ - $$

Logistics Costs $ - $$$

Credits / Replacements Cost $$$ - $$$$$

Asset Depreciation $$ - $$$$$

FRAMEWORK

FIGURE 4
REVERSE LOGISTICS COST EQUATION MODEL
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ABSTRACT

Sole traders and other small businesses sometimes work together co-operatively to enhance their trade through 
joint activities such as purchasing and marketing. This approach, known as a co-operative consortium, can save money, 
spread risk, and enables the participating businesses to pool their resources, provide mutual support and learning and 
strengthen their business sector, while maintaining their business independence. In the logistics industry, value cluster 
may concern with Third Party Logistics Providers (3PLs). 3PLs are those entities that arrange shipments, as well as 
manage and provide advice on transportation and transportation-related services for shippers, freight carriers and other 
related entities. 3PLs may include brokers, freight forwarders, rail transporters, consolidators, shippers and air cargo 
agents. The logistics industry is changing rapidly due to the combination of a de-regulated transportation environment, 
together with 3PLs embracing the internet, e-commerce and other electronic means to provide their logistics services. To 
verify mutual benefit between two parties or in one cluster, game theory is used as a major method in mathematical 
economics and business for modeling competing behaviors of interacting agents. The objectives of this research are: 1) to 
investigate mutual benefit of logistics service providers cluster, 2) to propose the model of value cluster in logistics 
service providers, and 3) to quantify the value cluster model using the game theory that provide a mathematical 
description of a social situation in which two or more individuals, or players, interact. 

KEYWORDS
Mutual Benefit, Logistics Service Providers, Cluster, Game Theory

INTRODUCTION

Sole traders and other small businesses sometimes work together co-operatively to enhance their trade through 
joint activities such as purchasing and marketing. This approach, known as a co-operative consortium, can save money, 
spread risk, and enables the participating businesses to pool their resources, provide mutual support and learning and 
strengthen their business sector, while maintaining their business independence. Benefit societies can be organized 
around a shared ethnic background, religion, occupation, geographical region or other basis. Benefits may include money 
or assistance for sickness, retirement, education, birth of a baby, funeral and medical expenses, unemployment. Often 
benefit societies provide a social or educational framework for members and their families to support each other and 
contribute to the wider community.

Examples of benefit societies include trade unions, friendly societies, credit unions, self-help groups, 
landsmanshaftn, immigrant hometown societies, Fraternal organizations such as Freemasons and Odd fellows, coworking 
communities, and many others. Peter Kropotkin posited early in the 20th century that mutual aid affiliations predate 
human culture and are as much a factor in evolution as is survival of the fittest. A benefit society can be characterized by:
1) members having equivalent opportunity for a say in the organization, 2) members having potentially equivalent 
benefits, 3) aid would go to those in need (strong helping the weak), 4) collection fund for payment of benefits, 5) 
educating others about a group's interest, 6) preserving cultural traditions, and 7) mutual defense.

In the logistics industry, value cluster may concern with Third Party Logistics Providers (3PLs). A third-party 
logistics provider (abbreviated 3PL, or sometimes TPL) is a firm that provides a one stop shop service to its customers of 
outsourced (or "third party") logistics services for part, or all of their supply chain management functions. Third party 
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logistics providers typically specialize in integrated operation, warehousing and transportation services that can be scaled 
and customized to customer’s needs based on market conditions and the demands and delivery service requirements for 
their products and materials. A 3PL is an operator, which specializes in integrated operation, warehousing and 
transportation services. These services may be 100% outsourced, as in the case of "non-asset based 3PL". It is then a pure 
3PL. It may also own part of its operations, such as warehouses, vans, or trucks. It then is both a 3PL and a 2PL, but is 
usually still called a 3PL. It can also offer genuine supply chain consulting services outside of its usual range of services.
It is then both a 3PL and a 4PL, but is usually still called a 3PL. It is important to differentiate 3PL, which actually 
deliver supply chain consulting services outside of their usual range of integrated operations, from 3PL which use the 
term consulting or 4PL abusively, as a marketing tool only. Some 3PL currently go as far as giving a title of consultant to 
their sales people, who are only selling their classical 3PL services (Wikipedia, 2010). 

To verify mutual benefit between two parties or in one cluster, game theory is used as a major method in 
mathematical economics and business for modeling competing behaviors of interacting agents. The objectives of this 
research are: 1) to investigate mutual benefit of logistics service providers cluster, 2) to propose the model of value 
cluster in logistics service providers, and 3) to quantify the value cluster model using the game theory that provide a 
mathematical description of a social situation in which two or more individuals, or players, interact. Such a broad scope 
allows many kinds of models. There may be two players or many. The players may be competitive or cooperative. With 
more than two players there may be collusion among subsets of the players. Games may involve several sequential steps 
or one step for each player. Competitive situations may be repeated or be faced only once. Information concerning the
rules of engagement and the payoffs may be known to all players or imperfectly known to some. In an introductory 
discussion, we can only touch on this important and valuable subject. We restrict attention to the simplest model: the 
two-person and zero-sum game.

LITERATURE REVIEW

Supply Chain Management

A supply chain is a system of organizations, people, technology, activities, information and resources involved 
in moving a product or service from supplier to customer. Supply chain activities transform natural resources, raw 
materials and components into a finished product that is delivered to the end customer. In sophisticated supply chain 
systems, used products may re-enter the supply chain at any point where residual value is recyclable. Supply chains link 
value chains. In the 1980s, the term Supply Chain Management (SCM) was developed to express the need to integrate the 
key business processes, from end user through original suppliers. Original suppliers provide products, services and 
information that add value for customers and other stakeholders. The basic idea behind the SCM is that companies and 
corporations involve themselves in a supply chain by exchanging information regarding market fluctuations and 
production capabilities. If all relevant information is accessible to any relevant company, every company in the supply 
chain has the ability to help optimize the entire supply chain rather than sub optimize based on a local interest. This will 
lead to better planned overall production and distribution which can cut costs and give a more attractive final product 
leading to better sales and better overall results for the companies involved. Incorporating SCM successfully leads to a 
new kind of competition on the global market where competition is no longer of the company versus company form but 
rather takes on a supply chain versus supply chain form.

The primary objective of supply chain management is to fulfill customer demands through the most efficient use 
of resources, including distribution capacity, inventory and labor. In theory, a supply chain seeks to match demand with 
supply and do so with the minimal inventory. Various aspects of optimizing the supply chain include liaising with 
suppliers to eliminate bottlenecks; sourcing strategically to strike a balance between lowest material cost and 
transportation, implementing JIT (Just In Time) techniques to optimize manufacturing flow; maintaining the right mix 
and location of factories and warehouses to serve customer markets, and using location/allocation, vehicle routing 
analysis, dynamic programming and, of course, traditional logistics optimization to maximize the efficiency of the 
distribution side. There is often confusion over the terms supply chain and logistics. It is now generally accepted that the 
term Logistics applies to activities within one company/organization involving distribution of product whereas the term 
supply chain also encompasses manufacturing and procurement and therefore has a much broader focus as it involves 
multiple enterprises, including suppliers, manufacturers and retailers, working together to meet a customer need for a 
product or service. Starting in the 1990s several companies chose to outsource the logistics aspect of supply chain 
management by partnering with a 3PL, Third-party logistics provider. Companies also outsource production to contract 
manufacturers. Technology companies have risen to meet the demand to help manage these complex systems.
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Transportation/Freight/Warehouse

Transportation

Transport or transportation is the movement of people, animals and goods from one location to another. Modes 
of transport include air, rail, road, water, cable, pipeline, and space. The field can be divided into infrastructure, vehicles, 
and operations. Transport is important since it enables trade between peoples, which in turn establishes civilizations.
Transport infrastructure consists of the fixed installations necessary for transport, and may be roads, railways, airways, 
waterways, canals and pipelines, and terminals such as airports, railway stations, bus stations, warehouses, trucking 
terminals, refueling depots (including fueling docks and fuel stations), and seaports. Terminals may be used both for 
interchange of passengers and cargo and for maintenance. Vehicles traveling on these networks may include automobiles, 
bicycles, buses, trains, trucks, people, helicopters, and aircraft. Operations deal with the way the vehicles are operated, 
and the procedures set for this purpose including financing, legalities and policies. In the transport industry, operations 
and ownership of infrastructure can be either public or private, depending on the country and mode. Passenger transport 
may be public, where operators provide scheduled services, or private. Freight transport has become focused on 
containerization, although bulk transport is used for large volumes of durable items. Transport plays an important part in 
economic growth and globalization, but most types cause air pollution and use large amounts of land. While it is heavily 
subsidized by governments, good planning of transport is essential to make traffic flow, and restrain urban sprawl.

Freight

Freight transport, or shipping, is a key in the value chain in manufacturing. With increased specialization and 
globalization, production is being located further away from consumption, rapidly increasing the demand for transport. 
While all modes of transport are used for cargo transport, there is high differentiation between the nature of the cargo
transport, in which mode is chosen. Logistics refers to the entire process of transferring products from producer to 
consumer, including storage, transport, transshipment, warehousing, material-handling and packaging, with associated 
exchange of information. Incoterm deals with the handling of payment and responsibility of risk during transport.
Containerization, with the standardization of ISO containers on all vehicles and at all ports, has revolutionized 
international and domestic trade, offering huge reduction in transshipment costs. Traditionally, all cargo had to be 
manually loaded and unloaded into the haul of any ship or car; containerization allows for automated handling and 
transfer between modes, and the standardized sizes allow for gains in economy of scale in vehicle operation. This has 
been one of the key driving factors in international trade and globalization since the 1950s. Bulk transport is common 
with cargo that can be handled roughly without deterioration; typical examples are ore, coal, cereals and petroleum. 
Because of the uniformity of the product, mechanical handling can allow enormous quantities to be handled quickly and 
efficiently. The low value of the cargo combined with high volume also means that economies of scale become essential 
in transport, and gigantic ships and whole trains are commonly used to transport bulk. Liquid products with sufficient 
volume may also be transported by pipeline. Air freight has become more common for products of high value; while less 
than one percent of world transport by volume is by airline, it amounts to forty percent of the value. Time has become 
especially important in regards to principles such as postponement and just-in-time within the value chain, resulting in a 
high willingness to pay for quick delivery of key components or items of high value-to-weight ratio. In addition to mail, 
common items sent by air include electronics and fashion clothing

Warehouse

A warehouse is a commercial building for storage of goods. Warehouses are used by manufacturers, importers, 
exporters, wholesalers, transport businesses, customs, etc. They are usually large plain buildings in industrial areas of 
cities and towns and villages. They usually have loading docks to load and unload goods from trucks. Sometimes
warehouses are designed for the loading and unloading of goods directly from railways, airports, or seaports. They often 
have cranes and forklifts for moving goods, which are usually placed on ISO standard pallets loaded into pallet racks. 
Stored goods can include any raw materials, packing materials, spare parts, components, or finished goods associated 
with agriculture, manufacturing, or commerce.

Mutual Benefit/Relationship

A relationship is normally viewed as a connection between individuals, such as a romantic or intimate 
relationship, or a parent–child relationship. Individuals can also have relationships with groups of people, such as the 
relation between a pastor and his congregation, an uncle and a family, or a mayor and a town. Finally, groups or even 
nations may have relations with each other, though this is a much broader domain than that covered under the topic of 
interpersonal relationships. Most scholarly work on relationships focuses on the small subset of interpersonal 
relationships involving romantic partners in pairs or dyads. Interpersonal relationships usually involve some level of 
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interdependence. People in a relationship tend to influence each other, share their thoughts and feelings, and engage in 
activities together. Because of this interdependence, most things that change or impact one member of the relationship 
will have some level of impact on the other member. Interpersonal relationships are dynamic systems that change 
continuously during their existence. One of the most influential models of relationship development was proposed by 
psychologist George Levinger. This model was formulated to describe heterosexual, adult romantic relationships, but it 
has been applied to other kinds of interpersonal relations as well. According to the model, the natural development of a 
relationship follows five stages:

1. Acquaintance – Becoming acquainted depends on previous relationships, physical proximity, first 
impressions, and a variety of other factors. If two people begin to like each other, continued interactions may 
lead to the next stage, but acquaintance can continue indefinitely.

2. Buildup – During this stage, people begin to trust and care about each other. The need for intimacy, 
compatibility and such filtering agents as common background and goals will influence whether or not 
interaction continues.

3. Continuation – This stage follows a mutual commitment to a long-term friendship, romantic relationship, or 
marriage. It is generally a long, relative stable period. Nevertheless, continued growth and development will 
occur during this time. Mutual trust is important for sustaining the relationship.

4. Deterioration – Not all relationships deteriorate, but those that do tend to show signs of trouble. Boredom, 
resentment, and dissatisfaction may occur, and individuals may communicate less and avoid self-disclosure. 
Loss of trust and betrayals may take place as the downward spiral continues, eventually ending the relationship. 
(Alternately, the participants may find some way to resolve the problems and reestablish trust.)

5. Termination – The final stage marks the end of the relationship, either by death in the case of a healthy 
relationship, or by separation.

Game Theory

Game theory is a study of strategic decision making. More formally, it is "the study of mathematical models of 
conflict and cooperation between intelligent rational decision-makers." An alternative term suggested "as a more 
descriptive name for the discipline" is interactive decision theory. Game theory is mainly used in economics, political 
science, and psychology, as well as logic and biology. The subject first addressed zero-sum games, such that one person's 
gains exactly equal net losses of the other participant(s). Today, however, game theory applies to a wide range of class 
relations, and has developed into an umbrella term for the logical side of science, to include both human and non-
humans, like computers. Classic uses include a sense of balance in numerous games, where each person has found or 
developed a tactic that cannot successfully better his results, given the other approach. Modern game theory began with 
the idea regarding the existence of mixed-strategy equilibria in two-person zero-sum games and its proof by John von 
Neumann. Von Neumann's original proof used Brouwer's fixed-point theorem on continuous mappings into compact 
convex sets, which became a standard method in game theory and mathematical economics. Game theory has been 
widely recognized as an important tool in many fields. Eight game-theorists have won the Nobel Memorial Prize in 
Economic Sciences, and John Maynard Smith was awarded the Crafoord Prize for his application of game theory to 
biology.

Game theory is a major method used in mathematical economics and business for modeling competing
behaviors of interacting agents. Applications include a wide array of economic phenomena and approaches, such as 
auctions, bargaining, mergers & acquisitions pricing, fair division, duopolies, oligopolies, social network formation, 
agent-based computational economics, general equilibrium, mechanism design, and voting systems, and across such 
broad areas as experimental economics, behavioral economics, information economics, industrial organization, and 
political economy. This research usually focuses on particular sets of strategies known as equilibria in games. These 
"solution concepts" are usually based on what is required by norms of rationality. In non-cooperative games, the most 
famous of these is the Nash equilibrium. A set of strategies is Nash equilibrium if each represents a best response to the 
other strategies. So, if all the players are playing the strategies in Nash equilibrium, they have no unilateral incentive to 
deviate, since their strategy is the best they can do given what others are doing. The payoffs of the game are generally 
taken to represent the utility of individual players. Often in modeling situations the payoffs represent money, which 
presumably corresponds to an individual's utility. This assumption, however, can be faulty. A prototypical paper on game 
theory in economics begins by presenting a game that is an abstraction of a particular economic situation. One or more 
solution concepts are chosen, and the author demonstrates which strategy sets in the presented game are equilibria of the 
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appropriate type. Naturally one might wonder to what use should this information be put. Economists and business 
professors suggest two primary uses (noted above): descriptive and prescriptive.

For the context of cooperative game and non-cooperative game, a game is cooperative if the players are able to 
form binding commitments. For instance the legal system requires them to adhere to their promises. In noncooperative 
games this is not possible. Often it is assumed that communication among players is allowed in cooperative games, but 
not in noncooperative ones. However, this classification on two binary criteria has been questioned, and sometimes 
rejected (Harsanyi, 1974). Of the two types of games, noncooperative games are able to model situations to the finest 
details, producing accurate results. Cooperative games focus on the game at large. Considerable efforts have been made 
to link the two approaches. The so-called Nash-programme [clarification needed] has already established many of the 
cooperative solutions as noncooperative equilibria. Hybrid games contain cooperative and non-cooperative elements. For 
instance, coalitions of players are formed in a cooperative game, but these play in a non-cooperative fashion.

Furthermore, zero-sum games are a special case of constant-sum games, in which choices by players can neither 
increase nor decrease the available resources. In zero-sum games the total benefit to all players in the game, for every 
combination of strategies, always adds to zero (more informally, a player benefits only at the equal expense of others). 
Poker exemplifies a zero-sum game (ignoring the possibility of the house's cut), because one wins exactly the amount 
one's opponents lose. Other zero-sum games include matching pennies and most classical board games including Go and 
chess. Many games studied by game theorists (including the infamous prisoner's dilemma) are non-zero-sum games, 
because the outcome has net results greater or less than zero. Informally, in non-zero-sum games, a gain by one player 
does not necessarily correspond with a loss by another. Constant-sum games correspond to activities like theft and 
gambling, but not to the fundamental economic situation in which there are potential gains from trade. It is possible to 
transform any game into a (possibly asymmetric) zero-sum game by adding an additional dummy player (often called 
"the board"), whose losses compensate the players' net winnings.

MODEL OF VALUE CLUSTER IN LOGISTICS SERVICE PROVIDERS

The model developed in this research study is named as “the Cluster Value Model in Logistics Service 
Providers”. 

FIGURE 2
DEVELOPMENT OF THE MODEL
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Figure 2 shows the logic of the process of development. The process started from a concept based on previous 
models and identified the factors used for cluster value concepts. This model was mainly based on the Value cluster 
(Ventac Partners, 2011) is value proposition consisting of a c luster of composed of three parts: choice of target customer 
segments, particular focal combination of customer-driven benefits, and rational for why this firm and its partners can 
deliver the value cluster in a significantly better way than competitors. Therefore, the firm can serve multiple groups of 
customers with different value propositions. Another model is based on the Game Theory models proposed by several 
economists and philosophers such as Aumann, R.J. and Shapley, L.S. (1974); Cournot, A. Augustin (1838); Edgeworth, 
Francis Y. (1881); Farquharson, Robin (1969); Luce, R. Duncan; Raiffa, Howard (1957); R. Duncan Luce ; Howard 
Raiffa (1989); Maynard Smith, John (1982); Maynard Smith, John; Price, George R. (1973); Nash, John (1950); Shapley, 
L. S. (1953); Shapley, L. S. (1953); von Neumann, John (1928); and Zermelo, Ernst (1913). However, the independent 
models mentioned earlier were described and intended to provide general ideas of the relationship between each factor, 
and to support a conceptual framework of the Cluster Value Model in Logistics Service Providers. Therefore, this 
research proposes a model of value cluster that may help logistics service providers to effectively manage their operation 
and business illustrated in Figure 3.

FIGURE 3
MODEL OF VALUE CLUSTER IN LOGISTICS SERVICE PROVIDERS
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RESEARCH METHODOLOGY

This paper proposed the research tools that investigate mutual benefit of the logistics service providers cluster 
with game theory as follows:

1. Cluster analysis or clustering is the task of assigning a set of objects into groups (called clusters) so that the objects in 
the same cluster are more similar (in some sense or another) to each other than to those in other clusters.

2. Cost–benefit analysis (CBA) or benefit–cost analysis (BCA) is a systematic process for calculating and comparing 
benefits and costs of a project, decision or government policy (hereafter, "project"). CBA has two purposes: to determine 
if it is a sound investment/decision (justification/feasibility, and to provide a basis for comparing projects. It involves 
comparing the total expected cost of each option against the total expected benefits, to see whether the benefits outweigh 
the costs, and by how much.

3. Social return on investment (SROI) is a principles-based method for measuring extra-financial value (i.e., 
environmental and social value not currently reflected in conventional financial accounts) relative to resources invested. 
It can be used by any entity to evaluate impact on stakeholders, identify ways to improve performance, and enhance the 
performance of investments.

ANTICIPATED RESULTS

It is hypothesized that creating the value cluster model in logistics service providers for their mutual benefit may 
understand a set of objects into 3PL’s cluster, benefits and costs of combining or outsourcing within the cluster, and 
evaluate impact on stakeholders, identify ways to improve performance, and enhance the performance of investments.
Implementing value cluster measurement tools and concepts has produced impressive results in many different industries. 
Logistics service providers can have benefits by gradually transforming existing operations through the mutual 
relationship with others within the same or different groups. Nevertheless, each member in the 3PL’ cluster of game
theory has something to say about each of these situations. Certainly, continued study of this subject will need to be
justified since so many real decision situations involve the interaction two or more individuals.
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ABSTRACT

Service design, configuration and customisation have proved to be demanding tasks for industrial companies 
who previously relied mostly on their technical superiority and technological R&D. In services, offerings and customer 
interaction deal largely with knowledge. The higher level of intangibility, abstraction and tailoring makes it more 
difficult to understand and communicate the content and value of the service compared with those of technology-based 
products. This paper aims to widen the understanding of the role of piloting in industrial service innovation and co-
creation, and to present preliminary models in order to support the management of service development pilots in a 
manufacturing context. 

KEYWORDS
Business to Business, Service, Design, Innovation

INTRODUCTION

It has widely been shown that developing services and new service business takes place in the interaction 
between the provider and the customer, and that other stakeholders are often included (Chesbrough, 2011). This also 
holds true in the context of industrial services. As new service development does not happen in a laboratory, field testing 
has a central role. Therefore, practices should exist for rapid application and subsequent proof or improvement of the 
concept, or fail fast (Engvall et al., 2001). In practice, when developing new services the application takes place through 
pilots. These pilots should aim to prove and improve both the service concept and the implementation concept. The 
challenge is to define principles and increase understanding of target-oriented piloting, linking piloting to shaping and 
improving the service itself and the systematic management of pilots. In managing pilots, the challenge comes from the 
systemic nature of services in which the customer and various stakeholders are involved.

This paper aims to broaden our understanding of the role of piloting in industrial service innovation and co-
creation, and to present preliminary models to support the management of service development pilots. The research on 
the subject is being carried out as a part of Fimecc’s FutIS research programme (Future Industrial Services).

RESEARCH APPROACH

Our study aims at increasing understanding of the role of piloting in the context of industrial service 
innovations. Research into service piloting has been relatively scarce, which is why we decided to apply an explorative 
case study approach in our research. Explorative case studies are often used in organizational processes with a high level 
of complexity in a real-life context (Yin, 1994). They are the preferred approach in the study of social processes, such as 
the phenomenon at hand, as they allow for context-dependence (Hartley, 1994) as well as particularity and complexity in 
each case (Stake, 1995). Our research is carried out as a participatory and observational case study. The researchers will 
join the companies in particular service innovation cases, in which the customer company and the service provider test 
the features, feasibility and validity of the service value proposition.

A variety of large Finnish industrial companies are involved in the project. The companies come from different 
industries and vary in size. Representatives of these companies and their customers are interviewed as well as observed 
in negotiations and discussions in order to study in depth on-going service innovation piloting processes. A wide variety 
of company cases and contacts within each case make the data collected more valid and the selected cases more multi-
faceted and vivid. 



570 Proceedings of The International Symposium on Production and Supply Chain Management 2012
13 - 15 December 2012, Chanthavinh Resort & Spa Hotel, Luang Prabang, Lao PDR

FRAMEWORK FOR PILOTING STUDY AS PART OF SERVICE OFFERING DEVELOPMENT

Conceptual frameworks can be built in many ways. At a general level, the framework should assist us in our 
orientation towards different components associated with the phenomena studied (Kokko 2005). Furthermore, it should 
establish some kind of shared vision of the target area of interest. In this study, the role of the conceptual framework is to 
show different aspects having an impact on the service offering development in the piloting phase. These aspects form 
the elements of our framework, and should be studied by the service developer while carrying out pilot studies with the 
customer. 

Services development in an industrial context is a complex task. Several factors contribute to this complexity:
1) the basic characteristics of service: intangibility; consumed when produced
2) both the service provider and customer are organizations: variety of interests within organizational 
functions on both sides
3) implementing the service often requires close interaction between service provider and customer
4) the process nature of services makes it challenging to compare different solutions (compared to, for 
example, different products, which usually have clear specifications)
The development process for services does not differ from new product development process at a general level. 

The same concept-to-development-to-final (service) product pattern (Figure 1, middle arrow) is similar in both domains. 
The difference lies in the more abstract nature of services, which requires a broader and deeper understanding of the 
customer’s operation. To tackle this challenge, Koivisto et al (2011) (fig. 1) illustrate co-creation as a form of service 
innovation strategy that emphasizes the generation and on-going realization of mutual firm-customer value. This implies 
that pilots and projects are forums where firms and active customers share, combine and renew each other’s resources 
and capabilities in order to create value through new forms of interaction, service and learning mechanisms.

FIGURE 1
PILOTING AS A PLATFORM IN SERVICE CO-CREATION

Service oriented R&D process

Concept Piloting
Service
product

Alternative
practical
solutions

Alternative
technical
solutions

Service 
provider Customer

Source: Koivisto et al (2011)

For the service provider, piloting provides a platform for learning the complexity of a customer case in more 
detail. Also, it is a vehicle for influencing the customer, i.e. for marketing the service provider’s offering. For the 
customer, piloting provides a way to explore new opportunities for developing their operation. Though services are 
developed in collaboration, they are not developed in a vacuum. Competitors provide other solutions which provide 
similar benefits. Often, when services are considered in a b-to-b context, the customer may also be a competitor. The 
customer may achieve similar results by changing and developing their own operational practices and processes in-house.

Figure 2 is a further development of the Koivisto et al (2011) framework concept. It illustrates the main 
elements and aspects affecting the service offering implementation, and which should be studied when developing and 
piloting a service offering in collaboration with the customer. The figure also illustrates that, in order for the service to be 
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successful, there should be a “fit” between the corresponding elements on both sides. One aim of piloting is to achieve 
this fit.

FIGURE 2
ASPECTS INFLUENCING THE SERVICE OFFERING IMPLEMENTATION 

AND WHICH SHOULD BE STUDIED AS PART OF PILOTING
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Based on the outline of Figure 2, the following questionnaire chart has been developed (Table 1). This 
questionnaire can be used as a kind of checklist tool for the service developer when analysing the customer during 
piloting. The questionnaire is a draft version and is based on experiences from a single case study. It focuses on the 
customer and their partner network, leaving out other competitors of the service provider. The competitor analysis is 
carried out separately, but piloting may have a role in this by revealing the most significant competitors.
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TABLE 1
PRELIMINARY OUTLINE FOR A QUESTIONNAIRE FOR 

ANALYSING THE CUSTOMER DURING A SERVICE-OFFERING PILOT

Analysis element Sub-element Related questions
Strategy Customer’s overall strategy Service subject is a key part of the 

customer’s strategy?

Customer’s service purchasing 
strategy

Transactional?
Short-term agreements?
Long-term agreements?

Processes & practices Customer’s process to be served Connections and interfaces to the 
customer’s other processes & 
functions?
Responsibilities of the service provider 
vis-à-vis the customer?

Customer’s supporting processes IT processes connected to our service?
HR processes?
Management processes?

Resources & organization Customer’s organization Main functions? Their hierarchical 
relationships?
Key decision-makers & their drivers?

Customer’s partners Competing partners? What are they 
offering (service/technology)?
Does our service depend on third-party 
interests & capabilities?

Customer’s personnel competence Competence in service subject?
Competence in service-related 
technologies?

Customer’s technology resources IT systems?

Figure 3 illustrates the challenge in analysing the customer in practice during piloting. In a b-to-b context, both 
the service provider and the customer are organizations. To be able to observe all the different aspects affecting service 
implementation requires collaborative procedures from the service-providing organization. Often when they collaborate, 
companies have contacts at every organizational level. Considering our framework, strategic issues are usually on the 
table in the top management discussions while more practical issues, such as processes and resources, are handled at the 
middle management and operative levels of the organization. Thus, the questionnaire presented above should be shared 
with all the relevant actors and a procedure for making aggregate conclusions must be put in place.

FIGURE 3
IN A B-TO-B CONTEXT, CUSTOMER COLLABORATION 

TAKES PLACE AT SEVERAL ORGANIZATIONAL LEVELS

Service provider Customer
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PRELIMINARY MANAGERIAL IMPLICATIONS

As mentioned before, the empirical research is at an early stage, but some preliminary findings can be presented: 

1) Applying the concept of piloting in practice has to be considered carefully in real-life supplier-customer service 
development. Service providers have a clear interest in developing the piloting process, but the customers are seldom 
interested in pure piloting of new solutions. 

2) Piloting is a practical method for revealing the customers’ critical business processes, which are crucial to take into 
account as service solution elements in order to facilitate the smooth implementation of the service.

3) The result and focus of piloting in a service development context is more inclined towards understanding and 
defining the main elements of the service offering and their relations rather than finalising the detailed service 
specifications.

4) A b-to-b context requires that the service developer broadly analyses the customers strategies and operations. This 
also means that they have to have organizational procedures for gathering the data from a variety of sources and drawing 
conclusions from it.

CONCLUSION

Our early findings suggest that piloting is a viable method for service developers to deepen their understanding 
of the customer context and, especially, the non-core customer processes, which need to be addressed in order to achieve 
a smooth implementation of the new service. 

The piloting framework and related questionnaire tool presented here are still conceptual and are based on a 
single case experience. More research and development is required to make them into applicable tools for practitioners. 
The challenge in the development is that, in a b-to-b service context, the firm-customer relationships are often unique. 
Thus, a case study-based development process has a tendency to produce case-specific solutions. However, 
notwithstanding the shortcomings of our draft framework, it can be of use in designing piloting studies by directing 
attention to relevant issues of b-to-b service development.
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