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ABSTRACT 

At present, the level of consciousness and awareness 

about environmental problems are increasingly 

internationally concerned from society businesses 

and governments globally. A number of 

organizations have begun paying greater attention to 

diminish the harmful impact of business activities in 

terms of production, consumption and purchasing 

behavior which may affect the environment.  Despite 

environmental concern, numerous consumers are 

willing to pay more for environmental benefits. 

Supplier selection process is a key role which helps 

the business to be success in a global arena. The 

appropriate supplier selection is one of the most 

important issues for any organization which affecting 

the total supply chain performance and the quality of 

final product. Thus, this paper proposes an approach 

for evaluation and ranking suppliers. In particular, the 

main focus of this study is to incorporate 

environmental responsibility requirements into 

supplier selection. An illustrate example in a 

cosmetic and beauty community enterprise was 

conducted to implement how to select the most 

suitable supplier using TOPSIS method. A set of 

criteria and sub-criteria were identified from a real 

case company. The decision was made on the basis of 

observation of three suppliers with four criteria and 

ten sub-criteria. The main contribution of this study 

provides a noteworthy tool to help decision makers in 

the selection process and reduce the subjective bias to 

some extent. 

 

INTRODUCTION  

The world today has suffered from environmental 

destruction, resource depletion, pollution problems, 

and global warming everywhere. The sources of 

pollution vary from small unit of natural sources to 

large volume of emission from industrial activities 

(Robinson 2005; Habre et al. 2014). Consequently, 

the level of consciousness and awareness about 

environmental problems are increasing 

internationally; both from businesses and 

governments globally. With environmental concern 

in mind, several consumers are willing to pay more 

for environmental options (Singh 2011).  According 

to the UN Global Compact (2010) report, about 93% 

of CEO‟s around the world are fretful about 

sustainability in their businesses. Several 

organizations have begun paying greater attention to 

diminish the harmful impact of business activities in 

terms of production, consumption and purchasing 

behavior which may affect the environment. 

Environmental awareness and concerns lead to the 

emergence of sustainable development; minimizing 

negative impact on nature, ecology and society. To 

overcome these challenges, it is necessary to shift 

from traditional practices to a more sustainable 

practice across sectors.  Enterprises need to find new 

solutions of manufacturing, taking into consideration 

environmental aspects in their supply chains. Hence, 

green production has become one of the utmost vital 

explanations in environment protection among 

companies. 

 

Supplier selection is the beginning of the supply 

chain process. Appropriate supplier selection affects 

the total supply chain performance and the quality of 

the final product (Onder and Dag 2013). It is almost 

impossible to successfully produce high quality 

products without satisfactory vendor selection, 

especially in today‟s competitive environment. 

However, this task is very complicated due to the 

variety of factors that must be considered during the 

selection process. Moreover, those factors may vary 

from time to time and industry to industry.  

 

One of the important tasks in selecting the suitable 

suppliers is to apply the right supplier selection 

criteria. Traditionally, factors affecting supplier 

selection were mostly based on price, delivery time 

and quality. In today‟s world supplier selection takes 

into account the supplier‟s environmental 

responsibility. Selecting green supplier is the key 

process of finding a sustainable partnership that will 

be able to provide customers with lower prices, 

higher quality, shorten delivery time, flexibility as 

well as consideration on minimizing the 

environmental effects (Lee et al. 2009). In other 

words, each focal enterprise should take 
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responsibility for final producing products to 

stakeholders in terms of quality, cost, flexibility, as  

well as environmental effects. As such, the feature of 

raw materials used in the production process is a 

significant role in meeting greater customers‟ 

satisfaction, stakeholders and government 

(Molamohamadi et al. 2013).   

The increasing complexity of economic and social 

systems results in an increase in the complexity of the 

related decision problems. Selecting appropriate 

suppliers are complicated tasks due to the fact that 

several steps and criteria are involved in decision 

making process (Onder and Dag 2013).  Such criteria 

are both quantitative (e.g. cost) and qualitative (e.g. 

delivery) aspects. According to the literature, various 

evaluation models for supplier selection were 

examined and explored. Conventional models usually 

considered economy aspects as a single objective 

(Luthra et al. 2011). Such example models are linear 

programming method and total cost ownership which 

mainly emphasise on minimizing costs of production. 

Whereas, different approaches have been taken into 

consideration this problem as a multi-criteria decision 

making (MCMD) problem (Zarbini-Sydani et al. 

2011). Some of these approaches are Data 

Envelopment Analysis (DEA), Analytical Hierarchy 

Process (AHP), Analytical Network Process (ANP), 

Decision-making Trail and Evaluation Laboratory 

(DEMATEL) and so on. 

In the literature, there are various research activities 

concerning supplier selection and evaluation. 

However, the studies which taking green concepts 

into account are still limited (Akman and Piskin 

2013) and mostly pay attention on large companies. 

Moreover, in order to meet the requirements of 

business in today‟s competitive environment, several 

criteria both quantitative and qualitative aspects must 

also be involved in green supplier selection. 

Therefore, in this paper multi-criteria decision 

making (MCMD) is employed to implement and 

analyze for selecting the most efficient supplier 

among a set of alternatives in green suppliers using a 

case study of One Tumbon One Product (OTOP), 

located in Chonburi province in Thailand. 

The rest of this paper is arranged as follows. Briefly 

related literature is presented in section two. Next, 

research methodologies are introduced in section 

three. Section four illustrates the proposed approach 

using a case study of OTOP products in cosmetic and 

beauty enterprise. Finally, conclusions are drawn in 

the final section along with recommendations for 

future research. 

LITERATURE REVIEW 

Selection Criteria 

Previous studies reveal varieties of factors involving 

in supplier selection decisions factors. In 1966, 

Dickson had summarized 23 different criteria for 

vendor selection which had been found in the 

literature. The study revealed that quality, delivery 

time and performance history were the most 

significant factors for supplier selection. This study 

was re-examined by Weber et. al. (1991) via 

reviewing all seminal articles between 1966-1990. 

The results of Weber‟s study introduced ten criteria 

in order to choose the best suppliers, which are net 

price, delivery, quality, production capability, 

geographic location, technical capability, 

management and organization, reputation and 

position in industry, financial position and 

performance history (Alehashem et al. 2013).  

It can be noticed that early studies had focused on 

identifying the criteria which buyers were used to 

select suppliers (e.g., Dickson 1966; Lehmann and 

O'Shaughnessy 1982). These have been extended to 

identify supplier selection under specific buying 

conditions; for example, strategic buyer-supplier 

partnerships (Hiram 1990).  As mentioned by Sarkar 

and Mohapatra (2006) two important dimensions of 

a supplier's abilities were classified, i.e. performance 

and capability. Performance is defined as the 

demonstrated ability of a supplier to meet a buyer's 

short-term requirements in terms of cost, quality, 

service and other short-term criteria. Whereas 

capability is defined as the supplier's potential that 

can be leveraged to the buyer's advantages in the 

long term. 

In the last two decades, supplier selection based on 

environmental/green consideration has been attracted 

the attention of numerous researchers. For instance, 

Govindan et al. (2013) studied 33 previous papers 

from 1996 to 2011 on green supplier selection. Later, 

Nielsen et al. (2014) reviewed international journal 

articles from the appearance to 2013. Both studies 

revealed the growth of green criteria taking into 

consideration in supplier selection process. Some 

environmental aspects are green image, 

environmental management system, pollution control 

and so on.  

Multi-criteria Decision Making (MCMD) 

Approach 

Recently, the number of research incorporating the 

environmental factors in supplier selection and 

evaluation is growing. Multi-criteria decision making 

(MCMD) methods have been employed to supplier

selection problem (Ho et al. 2010). According to

Hajiagha et al. (2016), MCDM deals with the

evaluating and choosing of the best alternative based

on several criteria. Besides, each main criterion can



 

 

be related with several sub-criteria, whereas each 

sub-criterion can be related with slightly lower sub-

criteria. Some of the popular MCDM methods 

applying for evaluating and selecting the most 

suitable applications are Analytic Hierarchy Process 

(AHP), Analytic Network process (ANP),Technique 

for Order of Preference by Similarity to Ideal 

Solution (TOPSIS), Decision-making Trial and 

Evaluation Laboratory (DEMATEL) and Preference 

Ranking Organization Method for Enrichment 

Evaluations (PROMETHEE II). Ghorabaee et al. 

(2017) provide a state-of-the-art survey of the typical 

methods deployed for supplier selection problem 

from the literature by analyzing the frequency of 

MCMD approaches employed for selecting and 

evaluating suppliers. Without considering other 

methods, it was found that AHP is the most popular 

approach, followed by TOPSIS method. Table 1 

shows the frequency of typical methods deployed for 

supplier selection problem from Ghorabaee et al.‟s 

study. 

Table 1: Frequency of Typical Methods for Supplier 

                Selection 

Method Journal 

paper 

Book 

chapter 

Conference 

paper 

Total % 

AHP 29 3 21 53 26.8 

ANP 7 0 5 12 6.1 

TOPSIS 28 1 12 41 20.7 

VIKOR 10 0 0 10 5.1 

MOORA 4 0 0 4 2.0 

ELECTRE 4 0 0 4 1.2 

DEMATEL 5 0 0 5 1.2 

DEA 4 1 3 8 4.0 

OTHERS 47 1 13 61 30.8 

Source: Adapted from Ghorabaee et al. (2017) 

 

RESEARCH METHODOLOGIES  

TOPSIS Method 

In this paper Technique for Order of Preference by 

Similarity to Ideal Solution (TOPSIS) method is 

employed to evaluate suppliers based on their 

performance towards criteria. TOPSIS was originally 

developed by Yoon (1980) and Hwang and Yoon 

(1981) and then further investigated by Hwang et al. 

(1993). The primary principle is to select alternatives 

which have the shortest distance from the positive 

ideal solution (PIS) and the farthest distant from the 

negative-ideal solution (NIS). As mentioned by 

Govindan et al. (2013), compare to other related 

methods such as AHP and ELECTRE, TOPSIS is 

more reasonable and understandable. One of the 

benefits of TOPSIS is that the method avoids pair-

wise comparison process. Moreover, a measureable 

assessment accounts for both the ideal and non-ideal 

choices at the same time (Mohammed et al. 2018). 

TOPSIS algorithms can be defined in a succession of 

six steps as follows: 

 

Step 1: Construct normalized decision matrix. 

This step transforms various attribute dimensions into 

non-dimensional attributes, which allows 

comparisons across criteria. 

The normalized score or rij is defined as follows: 

   
2

1

/
m

ij ij ij

i

r x x


   i =1, 2, ..., m and  j = 1, 2, ..., n  (1) 

where xij and rij are original and normalized score of 

decision matrix, respectively. 

Step 2: Construct the weighted normalized decision 

matrix.  

Here wj represents a weight of each criteria for                      

j = 1,…n. Then multiply each column of the 

normalized decision matrix by its associated weight 

to get vij. The weighted normalized decision matrix is 

written as equation (2): 

vij  = wj rij                 (2) 

Step 3: Determine the ideal and negative ideal 

solutions. 

Ideal solution is determined by 

              A* = { v1
*
 , …, vn

*
}                                   (3) 

where vj
*

  ={ max (vij) if j  J ;  min (vij) if  j  J' } 

Negative ideal solution is determined by
 
 

A'   = { v1'
 
, …,

 
vn' }                                  (4) 

where v' = { min (vij) if j  J ;  max (vij) if  j  J' }  

Step 4:  Calculate the separation measures for each 

alternative from A* and A'.   

The separation measure from the ideal alternative is 

calculated using the m-dimensional Euclidean 

distance. The distance of each alternative from A* 

and A' is calculated using the following formulas: 

    Si
*
  =  [  (vj

*
– vij)

2 
] 

½   
i = 1, …, m

     (5) 

    Si' =  [  (vj' – vij)
2 
] 

½   
i = 1, …, m   

  
(6) 

Step 5: Calculate the relative closeness to the ideal 

solution Ci
*
. 

  

         Ci
*

 = Si' / (Si
*
 +Si')                 0  Ci

*
  1         (7)  

Step 6: Rank the preference order. 

Rank the preference order and select the alternative 

with maximum Ci
* 

which is closest to 1 or rank 

alternatives according to Ci
*
 in descending order. The 

larger value of Ci
*
 indicates the better performance of 

the alternatives. 

 

 

  



 

 

CASE ILLUSTRATION AND RESULTS 

In this study, Case A, a micro enterprise, is selected 

as a case study. The Case A which is OTOP or 

community enterprise was firstly formed by 

housewives group with 15 people in 9 villages in 

Chonburi province for over 20 years. This group of 

people has worked together to produce consumer and 

beauty products such as shampoos, cream baths, 

soaps, facial masks and balms. Products are sold to 

local markets though the own shop, as well as direct 

selling to other consumers through regional 

exhibitions and fairs organised by the government. 

Since the growing level of environmental awareness, 

the case enterprise has now focused to produce 

mainly on organic and natural products. Most 

materials such as aloe, butterfly pea, jasmine rice, 

eucalyptus oil, peppermint oil and lemon oil come 

from local suppliers in the eastern part of Thailand. 

Management team of the group is responsible to 

design when to produce each product as well as 

helping together to find out and select suitable 

suppliers for raw materials. Currently, the case A 

aims to develop supplier selection intensively with 

respect to environmentally friendly targets. However, 

there is not any tool to help management team to 

select the proper suppliers as yet. Accordingly, 

development of the right supplier evaluation criteria 

and model is essential for this case enterprise. It will 

not only enable the producer to promptly deliver the 

quality goods, reduce its operating costs but will also 

take environmental issues into the consideration at 

the same time. The application of the proposed 

algorithm is displayed in Figure 1 and then explained 

in the following steps. 

 
Figure 1: Steps of Applying Proposed Algorithm 

 

Identifying Criteria and Sub-criteria for 

Evaluation  

All relevant data were collected by interviewing the 

management team concerned, assessment document 

and published literature. Interview is one of the most 

important sources which offer to gain insight into the 

enterprise practices. Then main and sub-criteria for 

supplier evaluation criteria were set up.  

According to data collection of the case company 

through interviews and inquiries compared with those 

reported in the literature, it was found that in supplier 

selection, the company has stressed on the  4 main 

criteria with 10 sub-criteria as displayed in Table 2. 

Table 2:  Criteria and Sub-criteria for Supplier Selection 

Criteria Sub-criteria 
Cost (C1) Raw material price (C11) 

Procurement cost (C12) 

Quality (C2) Product quality (C21) 

Service quality (C22) 

Willingness to improve quality (C23) 

Delivery and 

Service (C3) 

On time delivery (C31) 

Responsiveness (C32) 

Production capacity (C33) 

Environment 
(C4) 

Pollution controls/waste management 
(C41) 

Pollution prevention/ Use of 

environmental friendly materials (C42) 

 

Assigning Weights for Sub-criteria 

Five experts (three of them were management team, 

another one was a government officer who had 

responsibility to promote OTOP products in Thailand 

and the rest was a key customer of this enterprise) 

were selected to involve the process. They were 

asked to weight those ten sub-criteria according to 

their importance using score 1 to 10. 1 means that 

sub-criteria were the less importance whereas 10 

means that sub-criteria were the most importance. 

Then, Rank Order Centroid (ROC) technique 

(Roszkowska 2013) was employed to calculate 

weights of those sub-criteria. The results of 

importance weights of the criterion by ROC are 

demonstrated in Table 3. It is noticed that product 

quality (C21), on time delivery (C31) and pollution 

prevention/use of environmental friendly materials 

(C42) are the top three importance sub-criterion in 

the supplier selection process by ROC technique for 

this community enterprise.  

Table 3: Weight and Rank of Sub-criteria 

Sub-criteria Weight Rank 
Raw material price (C11) 0.109563 4 

Procurement cost (C12) 0.021111 9 

Product quality (C21) 0.292897 1 

Service quality (C22) 0.084563 5 

Willingness to improve quality (C23) 0.033611 8 

On time delivery (C31) 0.192897 2 

Responsiveness (C32) 0.010000 10 

Production capacity (C33) 0.047897 7 

Pollution controls/ 
waste management (C41) 

0.064563 6 

Pollution prevention/ Use of 

environmental friendly materials 

(C42) 

0.142897 3 

 

Determining Qualified Suppliers  

Three main suppliers, represented by SA, SB and SC 

were evaluated by the president of Case A using a            

1-10 scale (1-lowest performance,..,10-highest 

1

• Identifying  Criteria and Sub-criteria for 
Evaluation

2
• Assigning Sub-criteria Weight

3
• Determining Qualified Suppliers 

4

• Evaluation of Alternatives by Implementing 
TOPSIS Method

5
• Obtaining the Final Rank



 

 

performance). Table 4 illustrates the ratings of each 

supplier with respect to each of sub-criterion.  

Table 4: Input Values of the TOPSIS Analysis 

Sub-criteria Weight SA  SB SC 

C11 0.109563 8 7 8 

C12 0.021111 8 6 9 

C21 0.292897 6 8 8 

C22 0.084563 8 7 9 

C23 0.033611 7 9 8 

C31 0.192897 7 8 6 

C32 0.010000 8 7 6 

C33 0.047897 7 8 7 

C41 0.064563 9 7 8 

C42 0.142897 9 8 6 

 

Evaluation of Alternatives by Implementing 

TOPSIS Method  

Then the normalized decision matrix is constructed. 

After that weighted normalized decision matrix as 

well as the ideal and negative ideal solutions are 

obtained. The results are displayed in Table 5.  

Table 5: Weighted Normalized Decision Matrix 

 
SA SB SC A* A' 

C11 0.0777 0.0679 0.0582 0.0777 0.0582 

C12 0.0124 0.0093 0.0140 0.0140 0.0093 

C21 0.1757 0.2343 0.2343 0.2343 0.1757 

C22 0.0777 0.0679 0.0874 0.0874 0.0679 

C23 0.0235 0.0303 0.0269 0.0303 0.0235 

C31 0.1350 0.1543 0.1157 0.1543 0.1157 

C32 0.0124 0.0109 0.0093 0.0124 0.0093 

C33 0.0335 0.0383 0.0335 0.0383 0.0335 

C41 0.0581 0.0452 0.0517 0.0581 0.0452 

C42 0.1286 0.1143 0.0857 0.1286 0.0857 

 

Obtaining the Final Rank  

Based on TOPSIS method, the ideal and negative 

ideal solutions are computed using equation (3) and 

(4).Then the Euclidean separation distances of each 

alternative from the positive ideal solution (A*) and 

the negative ideal solution (A') are calculated using 

equation (5) and (6) in order to find the relative 

closeness to the ideal solution (Ci
*
). Finally, the 

performance of evaluation and the rank of supplier 

are obtained, which is presented in Table 6. 

Table 6: TOPSIS Results 

 Si
* Si' Ci

* Rank 

SA 0.062995 0.053544 0.459453 3 

SB 0.029431 0.076821 0.723006 1 

SC 0.061551 0.062315 0.503082 2 

 

CONCLUSION AND FURTHER RESEARCH 

The main propose of this paper is to focus on supplier 

selection problem for micro business enterprise with 

the incorporation of environmental requirements. The 

decision making process involves multiple and 

conflicting criteria. As such, Technique for Order of 

Preference by Similarity to Ideal Solution (TOPSIS) 

method was proposed to rank the alternatives.  

The TOPSIS was applied to perform and analyze on 

case study of a micro scale community enterprise in 

Chonburi province, Thailand. The main advantages 

for using this approach are TOPSIS is transparent, 

reasonable and rational. Four Criteria and ten sub-

criteria for supplier selection of the Case A were 

identified by interviewing the management team, 

assessment document and published literature. It was 

revealed that product quality, on time delivery, and 

pollution prevention/use of environmental friendly 

materials are the most importance factors for the case 

enterprise to evaluate suppliers. Based on the 

TOPSIS method, „SB‟ is the best alternative supplier, 

followed by „SC‟ and „SA‟, respectively. 

One of the limitations of the paper is that only a real 

case study is illustrated. In future studies, other 

techniques such as Structural Equation Modeling 

(SEM) could be employed to identify criteria and 

sub-criteria from a group of community enterprises in 

the country. Analytical Hierarchy Process (AHP) 

could then be combined to weight the importance of 

those factors. In addition, the proposed model of this 

study could be extended by taking fuzzy 

environments into consideration in order to deal with 

the imprecise judgments, and the ambiguity of human 

being's judgment. Accordingly, the efficiency of the 

evaluation could be increase and more precisely.  
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