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Abstract: The paper presents a multi-criteria decision-making model for
evaluation of suppliers using the analytic hierarchy process (AHP) for a
small-scale sponge iron and steel plant in eastern India. A systematic research
framework has been proposed for the same. The process uses a pair-wise
comparison of the criterion importance based on decision-makers’ opinions
to find their relative weights. The main criteria are identified based on
literature review and experts’ opinions. The criteria are cost, delivery, quality,
location, communication, management, performance history and reputation.
The next stage involves a pair-wise comparison of the suppliers based on
each criterion to find their relative importance. Overall sensitivity analysis
has been conducted using MS Excel to inspect the flexibility of the model
for evaluating suppliers, i.e., how the change in the ranking of the suppliers
occurs when there is a change in relative weightage of criteria.
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1 Introduction

Evaluation of suppliers in a supply chain has become an essential strategic drive for
manufacturing companies. Periodic evaluation of suppliers can be made operational as
a part of core supply chain strategy because of many reasons. Some of those reasons
are:

1 continuous cost consideration and assessment to remain competitive in the global
market

2 maintaining efficient delivery mechanism in place

3 enhancing and assuring quality of the raw materials, processes and products

4 capturing advantages of geographical locations in supply chain

5 adopting state of the art communication features and modes in view of the latest
communication and information technology for all the supply chain partners

6 partnering with the suppliers having tunable and friendly management for
productive supply chain partnerships

7 partnering with the suppliers having recognisable performance history

8 maintaining and enhancing reputation by associating with the reputed suppliers in
the market.

This study shows how a multi-criteria decision-making (MCDM) model can be
developed by analytic hierarchy process (AHP) for selection of suppliers based on a
case study of an iron and steel plant in eastern India. The current study has identified
and focused on critically very important criteria such as cost, delivery, quality, location,
communication, management, performance history and reputation after analysing the real
issues of case company. Being a developing nation, India’s iron and steel industry plays
a vital role in industrial development. Many large scale industries entirely depend on
iron and steel industries for the source of raw materials. Railways, shipbuilding, bridge
construction, and various other industries rely entirely on iron and steel industry. Hence
iron and steel industries are known as the heart of all industries.

The beginning of the Iron and Steel industry started at Kulti, West Bengal in
1875. However, the production came into light after the establishment of the iron and
steel industry in Jamsedhpur in 1907 (Krishnan et al., 2008). However, only after
independence, the industry was able to find a strong foothold in the country. After
independence, Bokaro and Bhilai Steel Plant were established with the help of Union of
Soviet Socialist Republics (USSR). Different policies and initiatives were undertaken by
the Indian Government which gave propulsion in the growth of iron and steel industry.
New measures are being adopted by the plants that already exist as well as various new
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units are being built in various regions of the country. The plants are also being modified
with new advanced technologies. The Indian Ministry of Steel is known for promoting
the growth and development of the iron and steel industry in the country. Government
of India’s National Steel Policy (2017) has aimed to achieve over 300 million tonnes of
steel making capacity in 2030–2031. As per report of World Steel Association (2020),
India has now become the second largest producer of crude steel during 2018–2019,
from its third largest status in 2017. India produced 111.2 million tonnes (MT) crude
steel in 2019. India has become the third largest finished steel consumer in the world
after China and USA in 2019. India was the largest producer of sponge iron (37.1
MT) in the world in 2019. Production of pig iron in 2019–2020 was approximately
5.42 million tonnes, hence showing a decline of around 15.5% over the last year.

The Indian steel industry has been flourishing very rapidly. The steel demand
continues to demonstrate positive growth with the growth of economy and steel
intensity. The iron and steel industry remains one of the largest manufacturing sectors
in the country. The basic raw materials needed for the iron and steel industry are mainly
iron ore and coal. Since there are many suppliers in the country which are extracting
coal and iron ore and supplying to steel industries, a genuine selection of suppliers is
needed in order to enhance the industry’s growth. Economic development depends upon
gross domestic product (GDP) which in turn relies upon the per capita consumption of
steel. Therefore, in order to get the best output from the industry, supplier evaluation is
very much needed for boosting up the nation’s economy.

1.1 Supplier selection

Supplier selection is a method of selecting the best supplier to obtain materials in
order to continue and enhance the throughput of the firm. The most suitable supplier
is decided by analysing suppliers’ attributes. Supplier selection is a MCDM problem,
which includes attributes that are both qualitative and quantitative. The selection
process involves the assessment of different criteria along with suppliers’ characteristics
(Kahraman et al., 2003). A sound supplier selection today can reduce or prevent a
host of problems tomorrow. Supplier selection depends on a wide range of criteria
apart from cost, delivery, and quality. Criteria such as reliability, service, location,
communication, internal management, technical support, performance history, financial
stability, reputation, etc. also impart importance in this decision-making process. The
significance of these different criteria will solely depend upon the business plan and
policy. Nilay Serbest and Vayvay (2008) have considered that the supplier selection is
an important problem that can affect the future competitiveness and performance of an
organisation in logistic sector. They presented a comprehensive hierarchical structure
for selecting the distribution channel, it also affects on the supplier performance.
AHP-based methodology is used to evaluate the different criteria like risk factors, cost
and quality. Stević et al. (2017) proposed a novel-integrated multi-criteria model to
evaluate supplier selection in the construction company. Badi et al. (2018) developed
a new combinative distance-based assessment (CODAS) method to handle MCDM
problems in a steel making company in Libya. The proposed method is applied to
deal a real-world case problem for ranking the suppliers in the Libyan iron and steel
company. It also enhances the decision-making technique for selecting the best suppliers
for the selected case company. Ebrahimnejad et al. (2018) proposed a supplier selection
model and quota allocation based on conflicting criteria, where the accessible data are
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imprecise. It selects the best suppliers from a large number in terms of conflicting
objectives. Raut et al. (2020) have applied MCDM-based approach to evaluate the
performance of existing suppliers to rationalise the supplier base and to find out
top strategic suppliers. It also guides the policy and decision makers in formulating
the strategies for the effective supplier selection in highly competitive environments.
Selecting the right supplier ends up in reducing the purchase risk. For the past decade,
the approach to supplier selection is about selecting the suppliers entirely based on
cost (Van Weele, 2009). Nowadays many criteria are being considered during supplier
selection such as quality, delivery, performance history, production capacity, technical
capability, financial position, reputation, location, etc. They may also be related to
environmental, communal, or political perspectives. These criteria are certain aspects
based on which the suppliers are evaluated.

1.2 Analytic hierarchy process

The AHP is a MCDM mathematical approach, which is used to solve complicated
decision problems. It was introduced by Thomas L. Saaty in the late 1970s. It uses a
hierarchical structure of goal, criteria, and alternatives where pair-wise comparisons are
made to procure the relative weights of the criteria and the alternatives concerning each
criterion (Saaty, 1999).

The pair-wise comparisons of decision criteria concerning the objective are made in
order to get the relative weightage (RW) to know which criteria are the most important
and which criteria are the least. The pair-wise comparisons can be quantitative or
qualitative. If it is quantitative, then the comparison is easy, but it becomes difficult
to compare when the information is qualitative. In order to make the qualitative
comparisons easy, Thomas L. Saaty developed a scale in 1980 shown in Table 1 (Saaty,
1980).

Table 1 Saaty 1–9 scale

Important scale Definition Explanation

1 Equally important ‘i’ and ‘j’ are equally important
3 Moderately important ‘i’ is moderately important over ‘j’
5 Strongly important ‘i’ is strongly important over ‘j’
7 Very strongly important ‘i’ is very strongly important over ‘j’
9 Extremely important ‘i’ is extremely important over ‘j’

Notes: Where ‘i’ and ‘j’ are two elements which are being compared to each other.
2, 4, 6, 8 are intermediate values.

2 Literature review

The literature on supplier selection problems is rich and the timespan of literature is very
wide. The articles have been assorted and presented here on the basis of sheer relevancy
and consistency. Dickson (1966) assorted 23 different factors out 50 distinct factors
such as price, quality, delivery, performance history, warranty, technical capability,
financial position, etc. for selecting the supplier. He exhibited four different cases to
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assess the importance of factors on the different types of purchases. Zadeh (1975)
introduced a concept of linguistic variable in fuzzy set theory and its application to
approximate reasoning. The applications were found to be very useful in dealing with
supplier selection problems. Saaty (1980) proposed one of the essential and flexible
weighted scoring decision-making processes to help people set importance and make the
best decision. In industrial practice and academic research, AHP is one of the essential
MCDM methods that has been widely used to solve the vendor selection problem.
Weber et al. (1991) reviewed 76 articles that addressed supplier selection criteria in
manufacturing and retail environments. They claimed that strategic decisions clearly
affected the relative importance that the various criteria had in supplier selection process.
Kontio (1996) presented off-the-shelf-option (OTSO) method that relied on the use of
AHP for selection of commercial off-the-shelf software (COTS). Siguaw and Simpson
(2004) identified an extensive list of 84 different criteria for the evaluation of suppliers.
They identified supplier characteristics that could be considered to add potential value
for a buying partner. They discussed the importance of measuring such characteristics.
The findings are drawn out to determine the standardised criteria and methods for
evaluating suppliers based on the value in the firm. Wang et al. (2004) related product
characteristics to supply chain method and adopted the supply chain operations reference
(SCOR) model level I performance metrics as the decision criteria. A preemptive
goal programming (PGP) and AHP-based MCDM approach were then established
to accommodate both qualitative and quantitative factors in supplier selection. The
presented case study demonstrated that SCOR model was incorporated in AHP approach
successfully to permit a more flexible and inclusive use of data in supplier selection
decisions. Shyur and Shih (2006) proposed and presented a hybrid MCDM model based
on modified analytic network process (ANP) for strategic supplier selection. Chen et al.
(2006) proposed a fuzzy decision-making approach to solve supplier selection problems.
They divided the nature of criteria as qualitative and quantitative. For example, price
and delivery are categorised under quantitative nature, while quality and flexibility
performance are categorised under qualitative nature. They proposed linguistic values
to evaluate the ratings and weights for different criteria. These linguistic ratings were
transformed into trapezoidal or triangular fuzzy numbers. Boran et al. (2009) presented
TOPSIS method combined with intuitionistic fuzzy set for supplier selection.

Liao and Kao (2010) observed that choosing the best supplier was one of the
difficult tasks in the competitive market. The authors mentioned supplier selection as an
MCDM problem. The Taguchi loss function, AHP, and multi-choice goal programming
(MCGP) models are combined together to solve the supplier selection problems. This
method provides a lead in allowing experts to set multiple aspiration levels for the
decision attribute. Ishizaka and Labib (2011) developed a new multi-criteria decision aid
(MCDA) for ordering alternatives in a group decision by using the group AHP ordering
(GAHPO) method. The backbone of this technique was AHP which was unglued into
two hierarchies for a cost and a benefits analysis. The model was implemented to
achieve four significant benefits such as, substantial minimisation of time and effort
in the decision process, lack of difficulty for the decision makers to reach unanimity,
improvement of the judgement quality and documentation rationalisation of the decision
preparation. Liao and Kao (2011) presented an integrated fuzzy TOPSIS and MCGP
MCDM model to solve the supplier selection problem. Considering both tangible and
intangible criteria, the authors concluded that the integrated fuzzy TOPSIS was more
suitable for order preference by similarity to ideal solution. The integrated model
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aided decision makers to set multiple aspiration levels for supplier selection and the
same was illustrated by an example in a watch firm. Lin (2012) and Arikan (2013)
proposed similar integrated model for multi-objective supplier selection by presenting
a fuzzy solution approach. Nazari-Shirkouhi et al. (2013) aimed to solve a supplier
selection problem under multi-price level and multi-product using interactive two-phase
fuzzy multi-objective linear programming (FMOLP) model. Their analytical results had
shown that the adopted approach was effective in uncertain environments and yielded
a reliable decision tool. Dargi et al. (2014) used a fuzzy-ANP approach for supplier
selection in an Iranian automotive industry. Deng et al. (2014) observed that supplier
selection played a vital role in supply chain management and solely depended on the
expert’s appraisal. They proposed a modernised and a new production method called
the D numbers which was a D-AHP method for the supplier selection problem. The
method was an extension of the classical AHP. In this method, D numbers extended
the fuzzy preference relation to represent the pairwise comparison decision matrix. Kar
(2015) presented the application of a hybrid technique for group decision support in
supplier selection problem. AHP, fuzzy set theory, and neural network were assimilated
to provide group decision support under unanimity. Discriminant analysis was used
for supplier base rationalisation, through which suppliers could be grouped as less
suitable and highly suitable supplier classes. Dweiri et al. (2016) proposed a decision
support model for supplier selection on the basis of AHP and illustrated a case of
the automotive industry in a developing country like Pakistan. They also conducted
sensitivity analysis to measure the robustness of the supplier selection problem. The
proposed model identified the main criteria (price, quality, delivery and service) and
ranked the criteria based on the expert’s opinions by using AHP. The study made three
distinct contributions in the area of supplier selection, and it aided the case company in
reducing the rejection rate during an incoming inspection of raw materials.

Lidinska and Jablonsky (2017) evaluated the performance of employees in a
middle-size management consulting company. The most potent and flexible MCDM
method AHP was applied in human resources evaluation, allocation and planning.
Parkouhi and Ghadikolaei (2017) proposed a resilience approach for supplier selection
to select appropriate suppliers corresponding with resilient capabilities of the company’s
supply chain. They used fuzzy analytical network process (ANP) and grey VIKOR
techniques to determine the importance level of the elements effective in resilient
supplier selection. Santos et al. (2017) designed a segmentation model created on
the relationship with suppliers competent for aggregating quantitative and qualitative
criteria. The AHP was used to conclude the relative significance of each criterion,
to evaluate the suppliers with a combination of chronological quantitative data and
qualitative data by using fuzzy 2-tuple, a prominent computing with word (CWW)
methodology. An illustrative application of the proposed model was carried out
in the pharmaceutical supply centre (PSC) of a teaching hospital. Assellaou et al.
(2018) investigated a case of a well-known refining company in Africa for supplier
selection problem by applying an integrated DEMATEL-ANP-TOPSIS methodology to
select the best supplier providing the most customer satisfaction for the determined
criteria. Sreekumar and Rajmohan (2018) proposed an integrated MCDM method to
determine the sustainability criteria and to prioritise the given sustainability strategy.
The AHP and preference ranking organisation method for the enrichment of evaluations
(PROMETHEE) techniques were used to solve the MCDM problem. The proposed
methodology was used to solve a real-time supply chain decision-making issue of
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an Indian manufacturing industry. Ahmad and Mondal (2019) presented a supplier
selection model under changing criteria environment, which was based upon the market
because all suppliers in the market were not capable to perform potentially under
the considered set of criteria. They proposed a fuzzy TOPSIS method for supplier
selection. Also, the methodology was validated through realistic data taken from an
Indian automotive company. Fu (2019) studied an integrated approach of AHP with
a type of performance rating involving the determination of a degree of utility by
additive ratio assessment (ARAS) and MCGP to select catering suppliers. Mohammed
et al. (2019) proposed a hybrid MCDM and fuzzy multi-objective optimisation (FMOO)
approach for a sustainable supplier selection and order allocation by considering
economic, environmental and social criteria. Buriticá et al. (2019) proposed a four-phase
methodology-diagnosis, program design, assignment and proposal to select the supplier.
The proposed model focused on the supplier clustering and fuzzy-AHP in the retail
sector for supplier selection. It improved the supply chain performance for organisations
with many suppliers requiring development programs. Guarnieri and Trojan (2019)
proposed a multi-criteria model to support supplier selection process during outsourcing
activities in a textile industry. The proposed model used the mixed MCDA approaches
(Copeland/AHP/ELECTRE-TRI) to show that suppliers could be classified based on
social, environmental, economic criteria and related ethical issues, considering opinion
from customers and experts. Vishnu et al. (2019) investigated the interdependence
among the various supply chain risk inter-relationships and possible mitigation in
Indian scenario. An ISM-AHP integrated approach was used to solve the supply chain
risk factors. The ISM incorporated the strength of the interrelationships. The AHP
was applied for the prioritisation and selection of appropriate mitigation strategies.
Fazli-Khalaf and Nemati (2019) developed a bi-objective multi-period supplier selection
model that aimed to minimise total of costs of network besides maximising social
responsibility. The constrained probabilistic programming model was proposed to cope
with uncertainty of parameters. Finally, the proposed supplier selection model was
employed in a real-world case study of pharmaceutical department of an Iranian hospital
to show efficiency and practicability. Gardas et al. (2019) employed a three-stage
MCDM approach for the evaluation and selection of suppliers. AHP method was
used to identify the relative weights of the selection criteria and TOPSIS method was
used to shortlist the ranks of suppliers. Goal programming (GP) was used for the
quantity allocation. The proposed methodology assisted the organisational managers in
formulating policies and strategies for selecting the effective supplier in the competitive
environment. Laghrabli et al. (2020) conducted study on mapping supplier selection
methods and criteria in the scoring and assessment sourcing process in case of
logistics activities. Tham et al. (2020) developed an integrated ISM and fuzzy TOPSIS
methodology for selecting the suitable supplier of a plastic packaging company. ISM
method was employed on a set of 23 criteria to analyse the relationships among the
criteria. Then, fuzzy TOPSIS method was employed to evaluate criteria and rank the
suppliers. Azadfallah (2020) proposed a new TOPSIS-based algorithm to determine the
regret measure in the group decision-making process. He discussed a numerical example
that involved a multi-criteria supplier selection problem in supply chain.
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2.1 Problem definition and research objectives

The literature on supplier selection is extensive. In the literature review, most of the
existing models are found to deal with supplier selection problem but did not account
for an iron and steel industries in India. At the same time, different supplier selection
problems across the world are being dealt with in other industries. After interacting with
an iron and steel plant in eastern India, it is found that they are facing problems such
as high rejection rate during an inspection of manufactured products. After discussion
with different decision makers and panel of experts of that industry, it has been found
out that there are different reasons due to which the plant is facing real problems. One
of the reasons was inferior raw materials provided by the suppliers. In view of theses
challenging issues, sincere attention for systematic research study has been inevitable.
Thus, the following research objectives have been outlined:

• to develop a research framework for systematic study on the case company in the
question based on AHP method

• to implement the multi-criteria-based decision-making approach in view of
knowledge from literature and experts’ opinion

• to select the appropriate supplier and conduct the detailed sensitivity analysis on
the outcomes of the study.

3 Methodology

A decision support hierarchical structure is made to understand the relationships among
different elements. In AHP, the problem is disintegrated into a hierarchical model as
shown in Figure 1. Next, the decision makers or experts compare each criterion with
respect to each other taking two at a time according to their impact on the goal. While
making comparisons, the decision makers can use actual data about the elements like
cost, delivery, location, etc. The AHP converts these data to a numerical pair-wise
comparison matrix of criteria and alternatives. It is then evaluated to obtain a numerical
priority of each element. Then the numerical priorities of each alternative are calculated
and ranked according to their values.

It is the primary step to initiate the AHP process. To implement the AHP process,
the entire process is classified into four steps (Saaty, 1980).

Steps of AHP

• The first step is to break up the decision problem into a hierarchical model as
shown earlier in Figure 1, i.e.,

1 a goal at the top
2 criteria
3 alternatives at the bottom.
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Figure 1 AHP structure for supplier selection

• To construct a pair-wise comparison matrix as shown below. By using the
fundamental 1–9 scale given by Thomas L. Saaty the ratings of each criterion
with respect to each other and the alternatives are given,

C1 C2 C3 . . . Cn

C1 a11 a12 a13 . . . a1n
C2 a21 a22 a23 . . . a2n
...

...
...

... . . .
...

Cn an1 an2 an3 . . . ann


• To normalise the pair-wise comparison matrix for both criteria and alternative and

calculate their relative weights with respect to each other. Each element of every
column of pair-wise comparison matrix is divided by the sum of entries of that
corresponding column. The relative weights are the fractional values or the
relative percentage of importance among each other.

Table 2 Random index (RI) used in decision-making process

n 1 2 3 4 5 6 7 8 9 10
R.I 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

Note: According to Thomas L. Saaty, CR should always be less than 0.1 for the
rating to be accepted.

Source: Saaty (1980)

Check the consistency of each matrix in order to know whether the ratings given
by the experts are consistent or not. Also, to know that the matrix is consistent
and calculate consistency ratio (CR) by using the given formula,

CR = Consistency index/Random index

Consistency index (CI) = (λmax− n)/(n− 1)
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where λmax is the maximum eigen value of the matrix and ‘n’ is order of the
matrix.

Consistency index is further compared with its respective random index value
which is taken from the random index table developed by Saaty as shown in
Table 2.

• To formulate an overall priority matrix denoting the rating of each alternative with
respect to each criterion and finally multiplied with the relative weights of each
criterion in order to get the final weightage of the alternatives. The alternative
with the most weightage value is selected as the best choice among others.

4 Proposed research framework

A systematic research framework is essential to achieve the appropriate supplier
evaluation and implementation. Thus a systematic research framework has been
developed and shown in Figure 2. The proposed research framework is distinguished in
three stages as described below:

Stage I: Criteria identification

The supplier selection related criteria and alternatives are identified in the first stage
of the proposed framework. The company’s requirements, priorities, and operating
strategies are covered by using these evaluation criteria. The supplier selection related
evaluation criteria have been compiled through literature and experts’ opinion.

Stage II: Implementation of AHP

Once hierarchical structure is established, then the decision group started to assign
the ratings to calculate the weights of supplier selection dimensions and criteria by
using AHP. In AHP method, the pair-wise comparison among decision criteria were
made using experts’ judgements based on importance scale. According to the AHP
methodology, consistency checking is considered to prove that the decision makers are
rational. Consistency ratio (CR) is defined to check the level of inconsistency. The value
of CR below 0.1 is considered to be acceptable but if CR value is above 0.1 then it is
reconsidered for discussion with experts’ team.

Stage III: Supplier selection and sensitivity analysis

In the last stage, the framework enabled the effective selection of suppliers based on
the results of the two previous stages. First, the criteria and importance scales are used
to evaluate supplier selection. Then, a pre-selection of these suppliers was made by
allowing them to be placed into a hierarchy according to the established organisational
objectives. Finally, all suppliers are ranked and the most efficient supplier is chosen
among the alternatives. Then, sensitivity analysis has been conducted by using MS Excel
to understand the consequences of changing weights of the main criteria on the ranking
of suppliers.
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Figure 2 Schematic representation of current research framework to evaluate suppliers

Table 3 Suppliers’ information for coal

S. no. Supplier name Distance (km) Estb. year Company size

1 S1 600 1975 Large
2 S2 400 1975 Large
3 S3 250 1962 Medium
4 S4 10 1774 Large

Table 4 Suppliers’ information for iron ore

S. no. Supplier name Distance (km) Estb. year Company size

1 S5 400 1962 Large
2 S6 420 1950 Medium
3 S7 500 1918 Large
4 S8 510 1986 Medium
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Table 5 Experts’ pair-wise comparison ratings of criteria
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Table 6 Normalised pair-wise comparison matrix
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4.1 Case study

The case study is based on a small-scale iron and steel industry located in eastern part
of India. Being a developing nation, India is one of the fastest emerging economies in
the world and the second nation in Asia. In India, iron and steel industry plays a vital
role for industrial development. Many large scale industries entirely depend on iron and
steel industries for the source of raw materials.

Evaluation of criteria for suppliers is carried by AHP method. The eight
different evaluating criteria are considered against four decision alternatives (suppliers)
(S1, S2, S3, S4) of coal as core materials and four decision alternatives (suppliers)
(S5, S6, S7, S8) of iron ore as core materials for an iron and steel industry. In this
study, three experts (decision makers) have been entrusted to rate the criteria. Due to the
confidentiality policy, the name of the concerned iron and steel manufacturing company
and its suppliers’ names are not disclosed.

This study is concerned with the evaluation of four suppliers for coal and four
suppliers for iron ore based on the plant’s inputs. Table 3 provides information about the
selected suppliers for coal, and Table 4 provides information about the selected suppliers
for iron ore. After prolonged deliberation, the eight different criteria are considered
to evaluate the suppliers. The eight main criteria are delivery, cost, quality, location,
communication, management, performance history, and reputation. The experts did a
survey and ranked them based on the criteria. Experts made a pair-wise comparison
of the criteria based on the Saaty scale. The pair-wise comparison matrix of criteria is
shown in Table 5. The matrix is then normalised, and the relative weights of criteria are
calculated as shown in Table 6. The relative weights of the each criterion are shown in
Table 7.

To check the consistency, the maximum eigen value is calculated as 8.896.

Consistency index (CI) = (λmax− n)/(n− 1) = (8.896− 8)/(8− 1) = 0.128

Random index (RI) = 1.41 (from Table 2)
Consistency ratio (CR) = CI/RI = 0.128/1.41 = 0.0908

Since 0.0908 < 0.1, the CR is acceptable and so are the ratings.

Table 7 Final weightage of criteria

Criteria Weights

Cost 0.327
Delivery 0.168
Location 0.128
Quality 0.194
Communication 0.022
Management 0.032
Performance history 0.067
Reputation 0.058
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Table 8 Weightage of coal suppliers with respect to each criteria
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Table 9 Weightage of iron ore suppliers with respect to each criteria
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Similarly, a collective decision was made by the experts to rate the four suppliers of
coal and four suppliers of iron ore. Based on their collective decision, the ratings of the
suppliers are also provided by experts with respect to each criterion. After evaluation in
a similar pattern, the final weightage values of each supplier are obtained according to
each criterion, as shown in Tables 8 and 9.

In order to get the final rankings of the suppliers Tables 8 and 9 are multiplied with
the relative weights of the criteria as given in Table 7. After performing the matrix
multiplication, the final rankings of the suppliers are obtained as shown in Tables 10
and 11.

5 Discussions on results and sensitivity analysis

5.1 Discussions on results

Figure 3 shows the final results of the ranking order of coal suppliers in the form of
a bar diagram. After completion of the calculation using the AHP process, it has been
deduced that supplier 4 is the most suitable coal supplier for the plant with a relative
weightage of 0.466 or 46.6%. Supplier 3 is the second suitable supplier for coal with
a relative weightage of 0.2545 or 25.45%. Supplier 1 is the third suitable supplier for
coal with a relative weightage of 0.1749 or 17.49% and supplier 2 is the fourth suitable
supplier for coal with a relative weightage of 0.1059 or 10.59%.

Figure 4 shows the final results of the ranking order of iron ore suppliers in the
form of a bar diagram. The final results regarding the selection of iron ore supplier
suggest that supplier 8 is the most suitable iron ore supplier for the plant with a relative
weightage of 0.336 or 33.6%. Supplier 5 is the second suitable supplier for iron ore
with a relative weightage of 0.2439 or 24.39%. Supplier 7 is the third suitable supplier
for iron ore with a relative weightage of 0.2176 or 21.76% and supplier 6 is the fourth
suitable supplier for iron ore with a relative weightage of 0.2017 or 20.17%.

Table 10 Final weightage of coal suppliers

Supplier Weightage Ranking

Supplier 1 0.1748 3rd
Supplier 2 0.1059 4th
Supplier 3 0.2545 2nd
Supplier 4 0.4645 1st

Table 11 Final weightage of iron-ore suppliers

Supplier Weightage Ranking

Supplier 5 0.2438 2nd
Supplier 6 0.2016 4th
Supplier 7 0.2175 3rd
Supplier 8 0.3368 1st
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Figure 3 Final ranking of coal suppliers (see online version for colours)

Figure 4 Final ranking of iron ore suppliers (see online version for colours)

5.2 Sensitivity analysis

Sensitivity analysis has been conducted in this case study by combining all the criteria
and the alternatives in a single graph. With the use of Microsoft Excel, the graph is
plotted by merging the criteria weightages and the alternative weightages. The graph is
very useful as any change in input anywhere in the process will be detected, and the
output will be updated with an immediate effect.

Figure 5 shows the overall analysis graph of coal suppliers where all the eight
criteria have been taken into consideration along with the alternatives. The graph shows
the x-axis as the criteria, and the y-axis on the left side of the graph shows the
criteria weightage ranging from 0 to 1 and on the right-hand side of the graph shows
the alternative weightage ranging from 0 to 1. The diagram (light grey) shows the
criteria weightage that was calculated earlier in this study, i.e., cost (0.327), delivery
(0.168), location (0.128), quality (0.194), communication (0.022), management (0.032),
performance history (0.067), reputation (0.059). Based on each criterion, each supplier
was rated to find out which was the best for them. Like for cost, supplier 4 (purple)
stands out the best supplier with a weightage of 0.66, as shown in the graph. Supplier 3
(green) stands as the second best supplier based on cost with a weightage of 0.19 and
supplier 1 (yellow) ties up with supplier 2 (maroon) with equal weightage of 0.075 as
shown in the graph.
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Figure 5 Sensitivity analysis of coal suppliers (see online version for colours)

Figure 6 Sensitivity analysis of coal suppliers after change in criteria (quality) weightage
(see online version for colours)

Similarly, for each criterion, it is shown that which supplier is the best for them. Finally,
on completion of calculations the rankings of the suppliers are shown in the graph. So,
the best supplier for coal is supplier 4 with a weightage of 0.464. Supplier 3 stands the
second best supplier for coal with a weightage of 0.254.

Figure 6 shows the change in the output when input changes. Here criterion quality
is increased while the rest of the criteria weightage decreases accordingly and it is
concluded that supplier 3 becomes first with a weightage of 0.308 replacing supplier 4.
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Figure 7 Sensitivity analysis of coal suppliers after change in criteria (reputation) weightage
(see online version for colours)

Figure 8 Sensitivity analysis of iron ore suppliers (see online version for colours)

Similarly, from Figure 7 it can be deduced that ranking of supplier 3 and supplier 1 just
interchanges with each other when the weightage of criterion reputation is increased.

Figure 8 shows the overall analysis graph of iron ore suppliers where all the eight
criteria have been taken into consideration along with the alternatives. The graph shows
the x-axis as the criteria, and the y-axis on the left side of the graph shows the
criteria weightage ranging from 0 to 1 and on the right-hand side of the graph shows
the alternatives’ weightage ranging from 0 to 1. The diagram (light grey) shows the
criteria weightage that was calculated earlier in this study, i.e., cost (0.327), delivery
(0.168), location (0.128), quality (0.194), communication (0.022), management (0.032),
performance history (0.067), reputation (0.059). Based on each criterion, each supplier
was rated to find out which is the best for them. Like for cost, supplier 8 (purple)
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stands out the best supplier with a weightage of 0.56, as shown in the graph. Supplier
5 (yellow) stands as the second best supplier based on cost with a weightage of 0.21.

Figure 9 Sensitivity analysis of iron ore suppliers after change in criteria (location) weightage
(see online version for colours)

Figure 10 Sensitivity analysis of iron ore suppliers after change in criteria (reputation)
weightage (see online version for colours)

Similarly, for each criterion, it is shown that which supplier is the best for them. Finally,
after calculations, the rankings of the suppliers are obtained and shown in the graph. It
shows the final weightage values of the suppliers. So the best supplier for iron ore is
supplier 8 with a weightage of 0.336. Supplier 5 stands the second best supplier for iron
ore with a weightage of 0.243.

Figure 9 shows the change in the output when input changes. Here criterion location
is relatively increased over quality and it is concluded that suppliers 6 and 7 interchanges
their ranking positions accordingly.

Similarly, from Figure 10 it can be deduced that ranking of suppliers 5 and 7 just
interchanges with each other when the weightage of criterion reputation is increased.
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5.3 Theoretical and managerial implications

There are several managerial implications of the current study for supply chain
managers, academicians and practitioners. The presented research framework (Figure 2)
is simple but comprehensive to execute for any similar case company in general.
Accordingly, the research framework has been executed for this current (small scale)
case company of iron and steel manufacturing. The same research framework has
applicability to medium and large scale companies with swift ease. So, the scalable
and generalisable research framework with AHP method as presented can be highly
motivating for further research studies The AHP has found extensive implementations
in decision-making problems, involving multiple criteria in multi-level systems. AHP
model facilitates the capturing of uncertainties and ambiguity of respondents. Thus,
it also helps decision managers to assess the fluctuating responses according to the
requirements of specific industry.

The important theoretical implication of the current study is to encourage analysts
to determine classified criteria to select the appropriate suppliers. The criteria can
be determined in view of dominant nature and level of perceived satisfaction on
its fulfilment. The identified criteria can be prioritised according to its traditional
and non-traditional characteristics. The current study has focused on the prioritised
traditional criteria.

The outcomes of the current study were cognised with the concerned experts and
found in good agreement. Thus, it can be deduced that the current research framework
as executed is capable of yielding customised solutions as per the requirements of the
industry with little modifications. Furthermore, suppliers would like to be satisfied with
performance evaluation and look at their association with a greater degree of pertinence.
Thus, a periodic evaluation of suppliers can be made as an essential core strategy of
supply chain management to remain competitive in the dynamic global market.

6 Conclusions

The study has several unique contributions in the relevant area of supply chain
management. This study demonstrated the importance of supplier selection in a small
scale iron and steel plant. In order to improve the products’ quality along with
customer’s satisfaction, choosing the right supplier is essential in a supply chain. A
perfect supplier provides the good quality of materials at a good price, in right time with
good service. This paper proposed a hierarchical mathematical model by using AHP
for ranking of suppliers in small scale iron and steel industry. Based on the literature
review and experts’ opinion the main criteria are chosen. The criteria are cost, delivery,
quality, location, management, communication, performance history, and reputation.
After evaluation by using pair-wise comparison matrix, the relative rankings of the
criteria are obtained as price 32.7%, quality 19.4%, delivery 16.8%, location 12.8%,
performance history 6.7%, reputation 5.8%, management 3.2% and communication
2.2%. Suppliers were ranked similarly based on the type of raw materials, i.e., coal and
iron ore. It is concluded that for coal, supplier 4 is the most suitable supplier with a
relative importance of 46.46% and for iron ore, supplier 8 stays as the ideal supplier
with a relative importance of 33.69%. Finally, a sensitivity analysis is performed to
understand what will be the change in output, i.e., ranking of suppliers when there is
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a change in the input, i.e., weightage of the attribute. The detailed sensitivity analysis
clearly shows the relative influences of the criteria among themselves in the final
decision-making procedure. Another important contribution is that the entire study has
been conducted using simple MS Excel which is easily available and user friendly. It
signifies that other specialised and (sometimes) costly softwares (like Expert Choice,
PriEsT, Make It Rational, Super Decision, etc.) can be avoided and replaced with full
competence and efficiency for the entire execution. It is concluded that in the case of
coal suppliers the criteria cost and delivery are the most robust criteria in comparison to
others, as the ranking of coal suppliers remain unchanged except for cost and delivery.

There are several theoretical and managerial implications (Section 5.3) of the
current study. The presented research framework is scalable and generalisable for any
medium and large scale companies for supplier evaluation. The criteria identification
is very important as the criteria directly influence final decision. The conducted
sensitivity analysis will guide to determine the important criteria for further study. Thus,
traditional and non-traditional characteristics of criteria can be studied systematically.
The concerned experts are in good agreement having the cognisance of the current study.
The study has highlighted the need of periodic supplier evaluation as a core supply
chain management strategy. Thus, suppliers would also like to be satisfied with their
evaluated performance.

There are few limitations associated with the current study as far as the present
scopes are concerned. The research framework has only been implemented in a small
scale iron and steel manufacturing company. The study has considered only the
important traditional criteria for evaluating the suppliers.

The following future research directions can be highlighted. The research framework
can be implemented for other medium and large companies considering non-traditional
criteria (such as sustainability). The other multi-criteria based hybrid techniques such as
fuzzy TOPSIS, fuzzy VIKOR, DEMATEL can be used for supplier selection.

References

Ahmad, M.T. and Mondal, S. (2019) ‘Supplier selection model under changing criteria environment’,
International Journal of Logistics Systems and Management, Vol. 33, No. 1, pp.97–125.

Arikan, F. (2013) ‘A fuzzy solution approach for multi objective supplier selection’, Expert Systems
with Applications, Vol. 40, No. 3, pp.947–952.

Assellaou, H., Ouhbi, B. and Frikh, B. (2018) ‘A hybrid MCDM approach for supplier selection with
a case study’, Recent Developments in Metaheuristics, pp.179–197, Springer.

Azadfallah, M. (2020) ‘A supplier selection model using group decision-making systems under
multiple criteria considering regret factor’, Int. J. Supply Chain and Operations Resilience,
Vol. 4, No. 2, pp.150–170.

Badi, I., Abdulshahed, A.M. and Shetwan, A. (2018) ‘A case study of supplier selection for a steel
making company in Libya by using the combinative distance-based assessment (CODAS) model’,
Decision Making: Applications in Management and Engineering, Vol. 1, No. 1, pp.1–12.
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