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Abstract 

Supplier performance evaluation and selection plays a vital role in the establishing an effective 

project delivery in an organization. More also, selecting the right supplier for an assignment, as 

well as evaluating this supplier's performance while the contract is being implemented, plays an 

important role in ensuring a good project outcome. The evaluation of a supplier is important for 

an enterprise to survive in a competitive market in a global project environment. One of the 

techniques that can be used for supplier performance evaluation and selection is data envelopment 

analysis (DEA). In this paper, the study examined the benefit of data envelopment analysis in 

evaluating the performance of decision making units (DMUs). DEA is a mathematical 

programming tool applied in performance measurement. The problem identified is establishing 

business support units, a case study is presented to exhibit the efficiency of the model for supplier 

selection problem in a project environment. The case study research design method was used in 

which quantitative data were collected and analysed to demonstrate that the model can measure 

effectiveness, efficiency and productivity in a project environment. It shows that the model decision 

makers to deal with economic, social and environmental factors when selecting suppliers for the 

project. The article concludes that in any project environment, there is need to establish methods 

used to assess supply chain performance so that companies can improve performance from all 

sides, such as product quality and company resources. So, it is expected that the supplier will get 

more profit and overall supplier’s performance will increase as well. 

Keywords: Suppliers Performance Evaluation; Data Envelopment Analysis model; decision-

making units; Setraco Nig. Ltd.; Abuja. 
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Introduction 

Supply chain management (SCM) is the planning, execution and control of operations and flows 

of products, finances, and information between and within companies, from primary sources to the 

final consumer (Cano & Ayala, (2019). SCM must therefore; to satisfy business unit integrate the 

final consumers demand, increasing competitiveness and all materials flows from raw materials to 

finished products (Amin-Tahmasbi & Alfi, 2018). It is of utmost importance to perform efficient 

sourcing and purchasing process for proper supply chain link integration. 

There is rapid development in development of supply chain recent years. Since the economic 

performance sheer focus is to enhance the capital or cost return doesn’t allow for supply chain 

sustainability performance (Hong et al., 2018; Araújo, Alencar, & Miranda-Mota, 2017), the idea 

of supply chain management and green supply chain management have to lay emphasis emerged 

on the extent to the importance of environmental and social concern with the factors of economics 

in the planning of supply chain (Bastas & Liyanage, 2018; Bendul, Rosca, & Pivovarova, 2017).  

Many ventures have today, considerably progressed dues to the application of sustainable supply 

chain (Ding et al., 2018), and the sustainable supply chain management (SSCM) is seen as the 

benchmark for success that is sustainable and firms competitive advantage establishment (Hong et 

al., 2018; Moktadir, Ali, Kusi-Sarpong, & Shaikh, 2018). Along with the business economic gains 

that the sustainable supply chain considers, the environmental and social consequences of the 

producers and activities of the supply chain over the material flow and services processes between 

customers and suppliers such as production and material purchase, sales of goods and distribution 

(Osiro, Lima-Junior, & Carpinetti, 2018; Liu & Papageorgiou, 2013; Kuo, Wang, & Tien, 2010).  

Also, in order to form long term relationship with partners that are dependable to improve the 

performance of supply chain, companies have increasingly been interested in suppliers’ reduction 

(Abdolshah, 2013; Kellner, Lienland, & Utz, 2019). As useful information is being provided to 

managers in the supply chains and purchasing process, reviewing the literatures in the current 

study becomes necessary so as to research opportunities, identify trends, uncertainty management, 

criteria selection and supplier method to support company’s strategic plans (Alkahtani, Al-Ahmari, 

Kaid, & Sonboa, 2019). 

This indicates the focus on each stage of supplier selection which include competitive strategy 

identification, criteria and indictors formulation, new selection method development, candidate 

supplier selection, selecting final supplier, supplier development program formulation, evaluation 

of performance etc (Chen, 2011; Zimmer, Fröhling, & Schultmann, 2016). 

The aforementioned challenge could be can be overcome using DEA as it has proven to be an 

effective method. Supplier performance efficiency based on DEA was proposed by Narasimhan, 

Talluri, & Mendez, (2001). Ma, Yao, Jin, & Ren, (2014) evaluated supplier by considering the 

competition between the suppliers and choose cross game efficiency of DEA for supplier 

evaluation. Radfar and Salahi (2014) used fuzzy DEA and preference ranking organization method 

for supplier selection enrichment evaluation. 
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Literature Review 

Supplier Evaluation and Selection 

The system of supply chain continually varies as a technological and social outcome development 

(Zijm, Klumpp, Heragu, & Regattieri, 2019). Azevedo, (2013) stated the supply chain functioning 

efficiency is important to those companies as the attempted to increase the effectiveness of supply 

chain. Strategic sourcing and supplier advantage are as a result of supplier selections processes. 

The main aim of the process of evaluation is minimize the risk of purchasing and to provide 

purchaser maximum value (Olanrewaju et al., (2021). 

Certain benefits are at times derived by some organizations when investing in their supplier is 

typical of that fact (Cheshmberah, 2020). Various forms of supplier development programs are 

deployable. Suppliers receive shared business information from their buyer’s financial assistance 

provision and supplier involvement in developing new product (Oseghale et al., (2021). 

The suppliers are therefore invested upon by the companies in order to ensure improved 

performance or capabilities and accumulate substantial benefits. The supplier debates are 

interestingly on the practices of supplier relationship management and greatly admired by 

practitioners and academicians (Karami, Shirouyehzad & Asadpour, 2021). Nevertheless, 

increased investment in the firm’s supplier competencies and skills has been encouraged in order 

to achieve supply chain of a world class level (Alumbugu et. al., (2020). 

Data Envelope Analysis (DEA) has been demonstrated a compelling technique to conquer the 

previously mentioned impediment. Narasimhan, Talluri, & Mendez, (2001) proposed a procedure 

for viable provider execution assessment dependent on DEA. Prasad, Subbaiah, Rao, & Rao, 

(2012) created provider execution - proficiency score network utilizing DEA for recognizing likely 

providers for an organization. Mama, Yao, Jin& Ren, (2014) thought about the opposition between 

the providers and received game cross-effectiveness of DEA to assess providers. Radfar and Salahi 

(2014) utilized fluffy DEA for provider assessment and Preference Ranking organization Method 

for Enrichment Evaluation (PROMETHEE) model for provider determination.  

Past investigations have proposed utilizing DEA for provider assessment and determinati0n (e.g., 

Mahdiloo, Saen, & Lee, 2015), green pr0vider ch0ice (Kumar et al. 2014), flexibly chain hazard 

examination (Talluri, Kull, Yildiz, & Yoon, 2013), holder and provider advancement (Noorizadeh, 

Rashidi, & Peltokorpi, 2018), among others. Nonetheless, it appears to be that the development 

flexibly chain performed inadequately in embracing and adjusting productivity assessment 

strategies contrasted and fabricating SCM.  

In the development business, the adequacy of the DEA pr0cedure has been exemplified in various 

investigations. For instance, DEA was utilized for security execution examination of development 

organizations (El-Mashaleh, Rababeh, & Hyari,  2010), execution assessment and change in 

proficiency outskirts after some time for development organizations working in Europe, Asia, and 

North America (Horta, Camanho, Johnes, & Johnes, 2013), execution estimation of 265 biggest 

development organizations in the United Kingdom (Deng and Smyth 2013), profitability change 

in Spanish and Portuguese development organizations (Kapelko, Horta, Camanho, & Lansink, 

2015), and to assess the presentation of the development business in Australia (Hu and Liu 2016).  
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In any case, notwithstanding the ongoing utilizations of DEA for examining development 

organizations' exhibition, restricted examinations have researched utilizing DEA for provider 

assessment in the development SCM. Subsequently, we think that its important to examine the 

chance of utilizing the DEA model as a compelling device for managing complex dynamic which 

helps a leader in setting needs and settling on the best choice. Dependable and precise estimate are 

required for settling on steady choice by joining logical methodology with the end goal of 

accomplishing the ideal outcome in a venture in Nigeria. 

Supplier Performance  

For greater supply chain collation, companies are in turbulent and complex environment making 

concerted efforts (Zhang & Cao, 2018). Improving the procurement effectiveness of the supplier 

and getting collaboration fluency can be used through the buyer and supplier well managed 

partnership (Grudinschi et al., 2014). (San Cristóbal, 2012) posited that suppliers have significant 

role in the overall performance of the project and (Araújo et al., 2017) one of the relevant 

procurement processes for a project to be successful is the selection of the most efficient supplier 

which integral for the supply chain effective management (Rao et al., 2017). In any organization, 

considerable efforts are required for the selection of supplier (Olanipekun, 2020). 

In examining relationship–performance spirals, they found that the strength or weakness of the 

collaboration between the buyer and supplier affects supplier performance and that a long-term 

relationship can result in better project time and budget management. Gosling et al. (2015) 

investigated suppliers’ key performance indicators (KPIs) to illustrate the impact of supplier 

development initiatives on KPIs. In another study, Gosling et al. (2019) shows that the long-term 

supplier-buyer partnership, supported by SD, can enhance a supplier’s learning and performance 

for more desirable outcomes. Noorizadeh et al. (2019) also discussed the challenges of 

performance evaluation where a supplier’s working environment changes from one construction 

project to another. 

Nonetheless, after investigating supplier performance both in general and in the construction 

business in particular, we believe that there are important unexplored areas. As such, over time, 

analyses of supplier performance and their influence on the continuity or discontinuity of a 

relationship with a buying company can generate meaningful managerial insights. Consequently, 

we underline the need for promising methods that can connect supplier selection and evaluation to 

the overall supply chain performance in a project environment. 

Model Development for Multi-Criteria Decision-Making  

DEA is a linear mathematical process for a frontier investigation of inputs and outputs. DEA 

allocates a score of 1 to a DMU once comparison with other DMUs do not offer inefficiency 

evidence. It allocates a less than one score to inefficient units. A less than one score shows that a 

linear mixture of other DMUs can make the same outputs with smaller inputs. DEA considers that 

the inputs and outputs are truly defined. Typically, as the quantity of inputs and outputs upsurge, 

many DMUs tend to become efficient. Conversely, with few inputs and outputs, more DMUs tend 

to be similar. To solve this issue, we developed different models based on each perspective. Model 

inputs are lean supplier selection criteria and the outputs are supply variety and quality of 

distribution. The input is obtained as the linear weighted sum of all its inputs using equation (1).  
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Virtual Input =  ∑ ui
I
i=1 xi    (1) 

Where is the weight assigned to input. 

Similarly, the output is obtained as the linear weighted sum of all its outputs which is given in 

equation (2). 

Virtual output = ∑ vj
J
j=1 yj                                        (2)    

Where is the weight assigned to output; I, J > 0. 

The Efficiency is computed by using the equation (3). 

Efficiency= 
∑ vj

J
j=1 yj

∑ ui
I
i=1 xi

     (3) 

The weights used in this model were calculated using Entropy method. The weights were 

calculated using equations (4), (5) and (6).  

𝐸𝑙 = −
1

ln(𝑚)
∑ 𝑃𝑘𝑙

𝑚
𝑘=1 ln(𝑃𝑘𝑙)   (4) 

Where 𝑃𝑘𝑙 is normalized payoff matrix; El is the entropy of the set of alternatives for criterion k; 

m is number of alternatives and k is number of criterion. 

Degree of diversification 𝐷𝑙 = 1 −  𝐸𝑙           (5) 

Weights  𝑤𝑙 =
𝐷𝑙

∑ 𝐷𝑙
𝐿
𝑙=1

    (6) 

For this study, the suppler selection model was created dependent on five suppliers (S1, S2, S3, 

S4 and S5) with five assessing factors, which incorporates three sources of input and two outputs 

namely, delivery (D) in days, capacity (Ca) in units, warranty (W) in number of days, cost (C) in 

naira and quality (Q) in level of acceptance respectively. The table 1 shows the information of 

suppliers and the corresponding inputs and outputs.  

The fundamental productivity measure utilized in DEA is the proportion of all outputs to total 

inputs. The DEA model utilized in this research comprises of three inputs and two outputs. In 

DEA, various inputs and outputs are linearly aggregated using weights. 

Evaluation of Suppliers  

We used different perspectives in order to evaluate the performance of each supplier. The first 

perspective is related to cost (with C1-C5 indicators as input and supply variety and quality of 

distribution as outputs). The second perspective evaluated the suppliers’ performance with regard 

to quality (with C6-C10 indicators as input and supply variety and quality of distribution as 

outputs). Third perspective focused on lead time (with C11-C15 indicators as input and supply 

variety and quality of distribution as outputs). Finally, last perspective evaluated suppliers based 

on service level (with C16-C20 indicators as input and supply variety and quality of distribution 

as outputs). Figure 3 shows a conceptual framework of suppliers’ evaluation.  

Case Study: Efficiency Evaluation of Suppliers with Setraco Nigeria Ltd 

Project Description and Problem Considered  

In construction, one of the most critical tasks is selecting the right supplier. It is a multi-criteria 

problem including both quantitative and qualitative factors. To choose the right supplier from 

many applicants available in today’s market is a somewhat complicated problem for clients. 

Selecting of a proper supplier is crucially important to ensure the quality of the delivery in a project 
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environment when dealing with long-term assets. To achieve this aim, it will largely depend on 

the efficiency of the performance of the selected supplier. 

In this study the best supplier was selected by using Data Envelopment Analysis (DEA). It is a 

“data oriented” approach for evaluating the performance of a set of peer entities called decision 

making units (DMUs) which convert multiple inputs into multiple outputs. DEA can handle the 

multiple inputs and multiple output models. At the same time. Figure 1 explains the frame work 

for the supplier selection. DEA was used to evaluate the performance construction firms. The study 

was conducted in the Federal Capital Territory of Abuja. The targeted population were 

professional suppliers in the construction industry particularly those who work with or have dealt 

with Setraco Nig. Ltd.  

Table 1:  Dataset of Inputs and Outputs from 5 DMUs 

Suppliers 
Inputs Outputs 

Delivery Capacity Warranty Cost Quality 

S1 12 170 28 2439 0.87 

S2 12 260 21 2567 0.90 

S3 14 280 21 2711 0.92 

S4 10 260 24 2800 0.96 

S5 13 290 18 2302 0.89 

 

The weights of the attributes are calculated by using entropy method 

Table 2: Entropy Calculations 

 Delivery Capacity Warranty Cost Quality 

Entropy Value Ec 0.5997 0.9904 0.993 0.9985 0.9996 

Degree of Diversification Dc 1.5997 0.0096 0.007 0.0015 0.0004 

Weights of Criteria Wc 0.9886 0.0060 0.0043 0.0009 0.0002 

 

First the entropy is determined using equation (4). From the entropy, the degree of diversification 

and the weights of the criteria are computed using equations (5) & (6). The weights are given in 

Table 2.   

These weights are used to calculate the DEA efficiency for all the suppliers using equation (3). 

The DEA efficiency score for all the suppliers is tabulated in Table 3. 

Table 3: DEA efficiency 

Suppliers 
Inputs Outputs 

Efficiency (%) 
Delivery Capacity Warranty Cost Quality 

S1 0.1967 0.1349 0.2500 0.1902 0.1916 94 

S2 0.1967 0.2063 0.1875 0.2002 0.1982 93 

S3 0.2295 0.2222 0.1875 0.2115 0.2026 91 

S4 0.1639 0.2063 0.2143 0.2184 0.2115 99 

S5 0.2131 0.2301 0.1607 0.1795 0.1960 83 
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Figure 2 depicts the DEA efficiency of the suppliers. From the table 3, the supplier with higher 

efficiency (ie. supplier 4) is selected as best supplier. For this case study supplier 4 is selected as 

best supplier. 

Figure 2 DEA efficiency 

Then sensitivity analysis has been carried out to observe whether the optimal setting is sensitive 

to the individual response weights. This is used to check the robustness of the model. For the 

change in any variable, the response of the model is observed. In this work, equal weights for the 

criteria were assumed and the DEA efficiency was calculated. It is observed that the ranking of the 

suppliers is not changed and hence the optimal setting is robust to the individual weights. The 

sensitivity of the DEA model is shown in Figure 3. 

   
Figure 3: Ranking of the supplier using DEA model   

 

Conclusion and Recommendations 

Decisions of evaluation and selection of a supplier is an important part of chain management. In 

today's intense competition, producing high quality products with minimum cost without 

satisfactory suppliers is not possible. In this work a multi-criteria decision-making model based on 

DEA for selecting the best supplier was developed. This proposed model can be more flexible to 

accommodate the qualitative and quantitative criteria for supplier selection.  DEA can help to 

evaluate and compare suppliers on different evaluation criteria which can offer a more robust tool 

to select and evaluate suppliers based on both qualitative and quantitative criteria. The input and 

output factors are fixed in this study and can be extended for additional input and output factors. 

Companies need to establish methods used to assess supply chain performance so that companies 
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can improve performance from all sides, such as product quality and company resources. So, it is 

expected that the company will get more profit and overall company performance will increase as 

well. 
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