Industrial Engineering and Strategic Management 2-1 (2022) 1-11

Industrial Engineering and Strategic Management

h Contents lists available at IESM h

%Or Ueg gfs] Journal homepage: www.iesmj.com IESM

Performance Assessment of Different Units of Shazand Oil
Refinery Using the Andersen and Petersen Data Envelopment
Analysis

Hossein Jafari' ", Kiyana Salehi’, Asma Etebari’

1. Young Researchers and Elite Club, Arak Branch, Islamic Azad University, Arak, Iran

2. Department of Industrial Engineering, Aliabad Katoul Branch, Islamic Azad University, Aliabad Katoul, Iran
3. Department of Industrial Engineering, Aliabad Katoul Branch, Islamic Azad University, Aliabad Katoul, Iran
Corresponding author: hossein_jafari_123@yahoo.com

d https://doi.org/10.22115/IESM.2022.351847.1018

ARTICLE INFO ABSTRACT

Article history:
Received: 06 August 2022

Revised: 11 October 2022 The present research aimed to evaluate the performance of

Accepted: 12 October 2022 different units of Shazand Oil Refinery using Andersen and

Petersen’s approach to data envelopment analysis (AP-
Keywords: DEA). The research objective was decision-making in a
AP-DEA model; centralized condition without uncertainty. In fact, the overall
Data envelopment analysis; objective was to achieve a deeper insight into the relative
Performance assessment; efficiency of decision-making units (DMUs) in 2022. The
Shazand oil refinery. superiority of AP-DEA compared to base models lies in its

comprehensive rating of the units under assessment in a way
that only one unit is identified as delivering the highest
performance. Data were collected through desk studies and
data analysis was conducted through mathematical modeling
(linear programming). Data from organizational records and
their analysis suggested that the highest efficiency weight
(9.9069) in 2022 was related to the gasoline purification unit.
It should be noted that all calculations and solving
mathematical models were done with the help of MATLAB
software. Also, the managers of the studied refinery can use
the obtained results to improve their performance in the
future.

How to cite this article: Jafari H, Salehi K, Etebari A. Performance assessment of different units of Shazand oil refinery using the
andersen and  petersen data  envelopment analysis. Ind. Eng.  Strateg. Manage. 2022;2(1): 1-11.
https://doi.org/10.22115/iesm.2022.351847.1018

© 2022 The Authors. Published by Pouyan Press.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.22115/iesm.2022.351847.1018
https://doi.org/10.22115/iesm.2022.351847.1018
http://creativecommons.org/licenses/by/4.0/
http://www.iesmj.com/
mailto:hossein_jafari_123@yahoo.com
https://doi.org/10.22115/IESM.2022.351847.1018
https://orcid.org/0000-0003-0863-5548

2 H. Jafari et al./ Industrial Engineering and Strategic Management 2-1 (2022) 1-11

1. Introduction

Performance means employees’ attempt to perform their tasks or achieve specific goals. Any job
brings in responsibilities, which must be defined based on clear standards [1]. Determination,
measurement, and scoring performance standards are called performance assessment. This task
must be done by competent individuals with the skills to determine specification, quality, skills,
capacity, and potential of employees for the future [2]. Based on performance assessment, the
best employees are rewarded to boost others’ motivation to grow [3]. Along with technological
development and the expansion of producing and service organizations’ role in man’s life, we
can see a constant trend of establishment of diverse and novel businesses and organizations in
rural and urban areas. In the case of multiunit organizations, the first key questions that the
senior executives are faced with is “what unit has the highest performance?” or who good are
other units in terms of performance?” [4]. Along with the increase of motivation in employees
and encouraging units to bring more added value through manufactured services and good,
which a continuous examination of performance of units demonstrates is the importance of
bringing up new approaches to deal with the challenges and issues of units with lower
performance and prevent resource losses [5]. By performance management, we refer to creating
a system to apply information to determined performance of organizations using the results of
performance evaluation in determining the goals, informing managers, allocating resources, and
keep or alter available policies to achieve the goals [6]. By definition, efficiency indicates the
performance of an enterprise or part of an enterprise to use its resources to achieve the highest
production [7]. When the efficiency of a unit is given, it is possible to form a clearer picture of
decision-making performance of units. Still, many indicators including variables and criteria
affect decision-making efficiency, which can confuse decision makers or managers of the
organization [8].

In other words, while a unit’s performance is satisfactory in terms of a specific indicator
(criterion), it can have a poor performance in terms of another indicator. That is, using the
importance (weight) of the indicators and multi-criterial decision making technique (MCDM), it
is possible to solve a problem to some extent. Using this method, the bias of importance (weight)
of decision-making criteria for some of the units is not that far-fetched. To deal with this, we can
use non-parametric methods like Adersen and Petersen Data Envelopment Analysis.

2. Literature review

A hybrid model was used by Wu (2009) consisting of the data envelopment analysis (DEA), a
decision tree (DT), and an artificial neural network (ANN) in a paper to evaluate suppliers. For
this purpose, suppliers were first divided into efficient and inefficient classes, and data were then
employed to train the DT and the ANN. Finally, the trained DT was utilized for new suppliers

[9].
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In another paper, Mohaghar et al. (2013) analyzed the suppler selection problem. They used a
hybrid DEA-VIKOR method to determine the efficiency of suppliers [10].

Sadraei Javaheri and Ostadzad (2014) estimated the efficiency of power plants (running on fossil
fuels and renewable energy) in the provinces of Iran. The DEA was employed in their paper for
efficiency estimation. In fact, they expanded the DEA network through multiple inputs
(generation inputs) and one output (power generation). The inputs included fuel costs (which
would be zero for the power plants running on renewable energy), workforce, and operational
costs, whereas the output was the electrical energy generated per capita. Finally, Iranian power
plants were classified in terms of efficiency, and political recommendations were made for
different scenarios to improve the efficiency of power plants [11].

Pitchipoo et al. (2018) examined the problem of choosing supplier using a combined approach
including data envelopment analysis (DEA), Shannon Entropy (SE), and Analytic Hierarchy
Process (AHP) to assess suppliers of a chemical company and eventually reported the best option

(supplier) [12].

Heidary et al. (2018) proposed a hybrid model for performance evaluation in a paper. Their
model consists of two steps, in the first of which all decision units are evaluated through the
DEA. An ANN is then employed to separate units with efficiency weights of one. According to
the results, their hybrid model can be used to introduce only one unit as the efficient unit [13].

In another paper, Firoozi Shahmirzadi (2020) proposed a novel DEA approach, which is able to
rank efficient units. The results showed that the proposed approach outperformed some of the
previous methods [14].

Fallah (2020) evaluated the performance of petrochemical companies in an article. Stock from
the perspective of health indicators. The use of the efficiency, two-stage data envelopment
analysis technique, and effectiveness of petrochemical companies were examined form the
viewpoint of health using health indicators. As shown by the results, Marron and Jam
Petrochemical Companies have achieve a higher efficiency compared to other recognized
companies. In addition, Shazand Company is at the second step of realizing the final results. Out
of the seven petrochemical companies, none of them had met a full productivity; while Marron
and Jam Petrochemicals were in the top and 2™ positions in terms productivity respectively [15].

Jafari and Ehsanifar (2020) studied a widely-used technique in multi-attribute decision-making
(MADM) problems. They developed the VIKOR method under non-crisp (grey) conditions.
Their proposed method can evaluate decision alternatives under crisp (interval) conditions. The
potential application of the proposed method was illustrated by a numerical example [16].

The following highlights the importance of this study:

e The decision-making units change in terms of number. That is, over time, new units
might be added.
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e Even when the number of decision-making units does not change, the performance of the
units might change for many reasons like decreased motivation in employees, layoff,
changes in market demand, environment, and climate conditions.

e New parameters might be indicators for assessment of performance and some of the older
indicators might play a less decisive role in the efficiency of units.

2.1. Research questions

1- What factors are more important in examining the efficiency of units of Shazand Oil
Refinery?

2- How units of Shazand Oil Refinery are ranked using DEA?

2.2. Research objectives

Several studies have been conducted on evaluating performance in the recent years. However,
these studies have mostly used parametric decision-making techniques with multi-criteria. These
techniques need the weight (importance) of each of the decision variables. Here, the limitations
on the importance of each decision variable is solved and the options are ranked with the help of
a mathematical programming model. Thus, this study tries to determine the key factors needed to
measure different units of Shazand Oil Refinery and rank the units based on DEA model.

By efficiency we refer to knowledge about doing things. Conducting works in the right way
happens when the one unit produces more useful output. When an organization achieves a goal
through spending less resources compared to the rivals, it has a higher efficiency. That is,
efficiency is spend the least amount of energy and time for doing the highest amount of work or
the ratio of work completed to the expected work to be completed [17].

2.3. Data envelopment analysis

One of the methods to determine the relative technical efficiency of organizational units is DEA.
It was developed in 1976 and then introduced by Charmes, Cooper, and Rhodes (CCR model) in
1978 in a paper titled “Measurement of Decision-Making Units”. According to this model, the
importance of each one of the specifications is a way to picture the highest performance status
for each decision-making unit [18,19]. Therefore, the CCR model is adopted in this study for
ranking decision-making units Shazand Oil Refinery.

2.4. DEA-CCR method

The purpose of CCR method is to maximize the fraction of efficiency of the units under study
through selecting the best weights for input and output variables while the efficiency of other
units does not exceed that upper limit of one. By constant returns of scale, we refer to the ides
that every set of unit generate the same number of outputs. This model assumes that each unit
has a constant value of return to scale. Thus, large and small units are compared to each other.
This model can be used for n decision unit with m input indices and s output indices [20]:
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Max Ey = ¥5o1 U Yro (1)
Subject to:

Yiz1ViXip =1 @)
Y= UrYrj — Uiz ViXi; <0 5 j=1,..,n 3)
Uu,v; =20;i=12,...,mandr =12, ...,s 4)

Clearly, this model in input-oriented; meaning that the inputs remain constant to maximize the
outputs [21].

2.5. Andersen and Petersen Data Envelopment Analysis

The model developed by Andersen and Petersen has been adapted from basic models in data
envelopment analysis, with a difference that there is no higher limit for weighting the efficiency
of a unit. With m input indices, n decision units, and s output indices, this model can be
established as followed [22]:

Max E, = ¥i-1 Urro )
Subject to:

Yit1VoXip =1 (6)
YrmiUpYrj — it ViXij <0 5 1<j<nandj+#o (7)
u,v; =20;i=12,...mandr =12, ...,s (8)

3. The studied organization

The present study aims to measure the performance of 13 units of Shazand Oil Refinery using
the indicators determined based on opinions and views of experts in this company. Given the
confidentiality of the organization's information, the names of studied units will not be
mentioned.

3.1. Identification of inputs and outputs

According to the experts of the organization, three indicators of Amount of contamination,
Annual cost of raw materials and Number of Required Force were considered as inputs and
Annual net income index as outputs for the AP-DEA model. Table 1 shows all data, including
inputs and outputs, related to Shazand Oil Refinery. These indicators determined based on the
views and comments of experienced experts of this organization. Some of these indicators are of
profit type (outputs) and some others are of cost type (inputs).
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Table 1
The system inputs and outputs.
Inputs Output
Amount of Annual Cost of Raw Number of Required
Contamination Materials Force Annual Net Income

DMU, Medium(M) 285138 20 231448
DMU, High(H) 249582 15 261714
DMU, Medium(M) 670033420 20 74237937
DMU, Medium(M) 554045180 20 309850325
DMU; Low(L) 13865985 16 701706725
DMU, Very Low(VL) 1234129 20 697785
DMU, Low(L) 556698 18 560307
DMUg High(H) 1167176925 15 1191588490
DMU, Very High(VH) 1014356 36 1040765
DMU,, Very High(VH) 973694 39 2920048
DMU;, Low(L) 785438390 12 80351939
DMU,, Medium(M) 1122529030 36 11586173101
DMU,5 Medium(M) 171915000 36 207745225

Amount of Contamination: this index shows the pollution rate of the unit under study
Annual Cost of Raw Materials: this index shows the annual cost of purchasing raw materials
Number of Required Force: this indicator shows the number of manpower required

Annual Net Income: this indicator shows the annual income after deducting expenses.

3.2. Development of decision matrix

By converting verbal Variables into quantitative terms using Professor Satty’s 9-point scale
(Table 2), the final decision matrix will be as shown in Table 3.

Table 2
Satty’s 9-point scale [23].
= =
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Table 3
Decision matrix.
X1 X2 X3 Y1

DM U, 5 285138 20 231448
DMU, 7 249582 15 261714
DMU, 5 670033420 20 74237937
DMU, 5 554045180 20 309850325
DMU;, 3 13865985 16 701706725
DMU, 1 1234129 20 697785
DMU, 3 556698 18 560307
DMUg 7 1167176925 15 1191588490
DMU, 9 1014356 36 1040765
DMU,, 9 973694 39 2920048
DMU,4 3 785438390 12 80351939
DMU;, 5 1122529030 36 11586173101
DMU, 5 5 171915000 36 207745225

4. The output of all models in MATLAB software

The numerical value of each decision-making unit’s efficiency is listed in Table 4.

Table 4
The Numerical value of the efficiency of each decision unit.
Efficiency (CCR-Model) Super-Efficiency (AP-Model) Rank

DMU, 0.0160 0.0160 11
DMU, 0.0207 0.0207 8
DMU; 0.0115 0.0115 12
DMU, 0.0534 0.0534 6
DMU;g 1 4.9030
DMUg 0.0112 0.0112 13
DMU, 0.0199 0.0199 10
DMUg 0.2468 0.2468 3
DMU,q 0.0203 0.0203 9
DMU,, 0.0593 0.0593 5
DMU,4 0.0208 0.0208 7
DMU,, 1 9.9069 1
DMU,, 0.0805 0.0805 4

According to Table 4, the twelfth unit has the highest performance and best performance.

For greater clarity, Figure 1 shows the efficiency weight for all units under study as a diagram.
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Fig. 1.Weight efficiency of all units in a diagram (CCR-Model).

As shown in Figure 1, the fifth unit and twelfth unit had the highest performance weight and best
performance.

Also Figure 2 shows the efficiency weight for all units under study as a semi-logarithmic
diagram.
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Fig. 2. Weight efficiency of all units in a semi-logarithmic diagram (AP-Model).
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As shown in Figure 2, the twelfth unit had the highest performance weight and best performance.

5. Conclusion

Performance measurement is a process to determine the level of competence in employees in
terms of performing their tasks and accepting responsibilities in an organization. Top managers
of an organization, institute, or foundation examine the behavior of their staff to give feedbacks
about the employees’ strengths and weaknesses. In other words, performance assessment refers
to relative assessment of human performance in terms of fulfilling tasks in a specific time period
compared to the standards of performing tasks. This assessment is to determine the potentials
and talents and plan toward actualization of potentials and talents.

The performance of 13 decision-making units in Shazand Oil Refinery in 2022 was measured.
After determining the studied units, seven major indicators in the evaluation of decision-making
units were selected by the relevant experts and managers in brainstorming sessions. After
classifying data for each unit in each of the seven indicators and evaluating them by Anderson
and Peterson’s model, it was found that the highest weight of efficiency (9.9069) in Shazand Oil
Refinery in 2022 was related to the gasoline purification unit.Researchers are recommended to
measure, in their future studies, the efficiency of the Oil Refinery Company in all provinces of
Iran in order to provide a more comprehensive picture of the relative performance of DMUs.

It is suggested to future researchers to develop the methods used in this research in their research
and provide fuzzy and grey models for performance evaluation.
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