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Abstract

In the clean development mechanism, greenhouse gas (GHG) reduction is conducted
by implementing projects that aim to decrease fossil fuel consumption in the energy sectors,
increase energy productivity, and mitigate energy loss in power plants and transmission
networks and distribution systems. This; the Research evaluated the sustainability of the
electrical supply chain using inverse input-oriented data envelopment analysis. The;
proposed inverse input-oriented model estimates the optimal value of applied resources
based on the optimal allocation of two categories of inputs while other production indexs
and efficiency scores of supply chain divisions under evaluation remained unchanged. An
empirical conclusion was yielded from the model’s performance in the ten electrical supply
chains and 15 divisions. The gas field of supply chains, 60% utilize a large amount of gas
resources in power production. Also; power plant sectors and transmitter lines of more than
90% of the supply chains produced an optimal value of energy.

Subject Classification: 90B06.

Keywords: Optimal allocation, Environmental efficiency, Inverse model, Optimal resources,
Economical return.

1. Introduction

Carbon dioxide (CO,) must be eliminated from the Earth’s atmosphere
to prevent climate change and limit global warming to 1.5 degrees Celsius.
The current paper contributes to this line of research by introducing the
inverse input-oriented data envelopment analysis (DEA) model with two
inputs and outputs categories and factors that play two roles input and
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output for the electricity supply chain. The; inputs are divided into two
categories in this study resource allocation management and investment
approtunities control. The inverse input-oriented model determines the
value of optimal increase or decrease applied resources in energy sectors
and transmitter and distributer lines incontrast, produced energy,
pollution emissions, costs of power loss inhibition, and efficiency scores of
supply chain divisions are kept unchanged. Indeed; the inverse input-
oriented (DEA) model determines the amount of optimal applied resources
and accessible capacities under natural disposability based on the amount
optimal of utilizated investment capacities to flare and greenhouse gases
reduction and wasted energy control while other production indexes
remained constant. In such circumstances, it is essentially necessary to
know how optimal resource allocation influences the investment
opprotunities capacities while the other production indexs, especially
desirable and undesirable outputs of supply chain divisions, are kept
constant. In addition; we are interested in knowing which supply chain
divisions applied the optimal resources based on optimal investment
opportunities in the power industry. Indeed; supply chain management
enables resources allocation control and proper utilization of investment
approtunities when the input-oriented efficiency is kept constant. The
technical and non-technical electricity consumption of power plants, the
scientific level of education of staff for the power loss harness in
transmission operations, and the return costs of wasted energy and flare
gas to the gas cycle are other dual-role factors that determined.

As a result of this study, it will be possible to determine the optimal
use of resources influences excess capacities control and create
sustainability of the supply chain. Also; if supply chain management aims
to apply resources optimization, then how will it utilize investment
resources to decrease undesirable emissions and waste energy in supply
chain divisions? DEA; is a successful operationalizing strategy in the
sustainability assessment of decision-making units (DMU). DEA created
by Charnes et al. [2] to assess the units’ relative effeciency. The proposed
model was then expanded by Banker et al. [1] for measuring the variable
return scale (VRS). Ghayeghran et al.[5] presented a methodology for the
sugar industry’s cost efficiency analysis. The initial mention of inverse
models found in Zhang et al. [26]. They suggested a model that could
solve a DMU’s input increments and provide output increments under
constant return scale (CRS).

This paper’s remainder is as follows: An overview of the literature on
the application of DEA to investigational work provided in section 2.
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Moreover;, a DEA model for resource utilization and investment in
technology innovation described. Additionally, an exact specification of
natural and managerial disposability demonstrated by a production
process of supply chain performance evaluation. The inverse input-
oriented model then introduced in another section, which aims to
determine the optimal resource allocation for supply chain
divisions’emission management. A case study is provided In Section 4, to
demonstrate how the recommended methodology can implemented in
Iran’s power sector. The conclusions finally presented in Section 5

2. Review of Literature

The subsequent, subsection provides a summary of several studies on
supply chainsustainability,environmental, and operational assessment,and
inverse DEA models.

2.1 Inverse DEA Models

The inverse DEA methodology was Introduced by Wei et al. [23].
They; posed the question of how much more output or input must be
produced if input or output for a specific within a DMU group increased,
and if it assumed that the DMU maintains current efficiency level in
comparison to other units how much more output or input must be
produced by a particular unit among a group of DMUs. Yan et al. [24]
expanded the inverse model for resource reallocation and production
estimation. Rad; et al. [17] introduced an inverse DEA input-oriented
model for output estimation using fuzzy data. To maintain efficiency
values with the VRS, Lertworasirikul et al. [12] proposed an inverse model
that could handle positive data. In the proposed model, resource allocation
computed, and the efficiency scores remained unchanged. Jahanshaloo et
al. [10] expanded on Yan et al.’s proposed inverse input-oriented model
[24] for input estimation and identification of extra input. A generalized
inverse model for changes estimation of inputs or outputs presented by
Hadi-Vencheh et al.[6]. An inverse model incorporating stochastic
components presented by Han et al. [7]. An; integration and extension of
the inverse DEA models created by Zhang and Cui [25]. Hassenzadeh et
al. [8] suggested using inverse input-oriented and output-oriented models
to assess a nation’s operational and environmental sustainability.
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2.2 Evaluation of the Environmental and Operations

Glover and Sueyoshi [3] studied the history of the DEA, beginning
with the situation of Banker [1] in the nineteenth century, and then used
the idea of natural and managerial disposability as a conceptual foundation
for previous studies in order to incorporaite it into environmental
assessment technology and manage substances abuse prevention and
determine effects on productivity (see, for example, [18, 19]). For; the
operational and environmental assessment of Japan’s industrial sectors,
Sueyoshi et al.[20] suggested using the stage-DEA model

2.3 Sustainability of the Supply Chains

A slacks-based measure network DEA model called network (NSBM)
was proposed by Ton et al. [22]. Tavana et al. [21] extended Ton et al. [22],
proposed epsilon-based measure (EBM) and suggested a network epsilon
best measure (NEBM).

Khodakerami et al.[11] proposed a unique two-stage methodology
for resin-production companies’supply chain. Since; some real-world
problems required the use of fuzzy sets in the DEA model to address
them, the authors took into consideration evaluating the performance of
imprecise and uncertain situations. Pouralizadeh; et al.[13] proposed a
new methodology for resources management and emissions handling of
divisions in an electricity supply chain. Additionally, activity level control
in production activities was implemented using the weak disposability
assumption. The authors controlled undesirable output by determining
the kind and quantity of inputs. A novel DEA model that takes dual-role
factor aspects into account to improve the sustainability of the electrical
supply chain introduced by Pouralizadeh [14]. This model was able to
identify whether increasing inputs under managerial disposability to new
technology innovation could reduce undesirable production in the supply
chain divisions or whether the higher investments were ineffective in
decreasing undesirable outputs. Pouralizadeh; [15] suggested two models
for managing pollution emissions and reducing resource waste for the
sustainability evaluation of the electrical supply chain. Pouralizadeh [16]
presented a model to estimate the marginal profit maximization of
desirable output. The proposed model is introduced for estimating the
directional marginal profit maximization of suply chain divisions based
on wasted energy and power losses. The proposed approach estimates the
directional marginal productivity in the supply chains, which find the
optimal direction of efficient divisions on the frontier. A model proposed
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by Farzipoor [4] to select a third-party logistics providers when dual-role
factors and fuzzy data are present.

In conclusion, the inverse DEA input-oriented model based on dual-
role components in the presence of undesirable outputs considered
consideration by any of the references indicated above for the supply chain
performance assessment.

2.4 Fundamental Concepts

In this section, fundamental concepts for the approach to calculating
inverse input and output-oriented DEA models of supply chain divisions
reported.

Let us suppose X =(x,,x,,.,x,) >0, Y =(y, .y, -y, ) >0,
B = (bm,b“,...,bln)T >0 represent input column vectors and desirable and
undesirable outputs in the n" DMU.

2.4.1 An inverse DEA input-oriented

The inverse DEA input-oriented model’s goal is to allocate resources
while maintaining an unchanged efficiency score.

Assume that m" input under natural disposability of kth DMU is
changed from ¥ , to X , +AX  and AX , an optimal variation of mth
input of DMU, and q" input under managerial disposability of k™ DMU is
changed from ¥ , to X, , +AX, , as A can be positive or negative.

3. Modeling of DEA Input-oriented Efficiency of Supply Chain
Divisions

This section presented a DEA model to evaluate supply
chains’sustainability. Assume that a supply chain Includes the fuel
provider, energy producer, regional power station, power dispatcher, and
power consumers. Therefore; a supply chain (or DMU) comprises five
steps. There are ¢_,e ,e,,e,, e divisions in the fuel supplier, power plant,
transmitter, distributor, and customer. This study considered the weights
that producer’s activity decision-makers assigned to partners at a
particular stage of the network supply chain, also knownas W ,(e=1,...,E)
weights for the H division (see Pouralizadeh [15]). The following is a
summary of the n" supply chain’s production factors.

X =(x, % ,...x° ) >0: A column vector of the n" supply chain
M~ inputs for t ¢ " division under natural disposability
e=1,.,E,n=1,..,N.
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T=(x,, %, ~M ) > 0: A column vector of the n" supply chain
M 1nputs for the "e" division under managerial disposability
e=1,..,E,n=1,..,N.

Y=y, Y5, Ye,) >0: A column vector of the n" supply chain R
desirable outputs for e™ division e=1,...,E,n=1,..., N.

B, =(b;,,b;,, -, by, )’ >0: A column vector of the n™ supply chain ]

in’

unde51rable outputs for e™ divisione=1,...,E,n=1,...,N.

W =(w; ,w; ,..,w; )" >0: A column vector of the n" supply chain
D dual-role factors for the e™ division e=1,...,E,n=1,...,,N.

VO = @) ol o) > 0: A column vector of the n™ supply
chain P intermediate measures that are sent from the division e to the
division ¢’ e=1,...,E,n=1,...,N.

(e'e) _ ((ee) (ee) (e ,€)
29 =(249,259,.,25" >0: A column vector of of the n" supply

chain A intermediate measures that are sent from the division e’ to the
divisione e=1,...,E,n=1,...,N.

s : Theslack variables of the n" supply chain for the p" intermediate
pn

measure, spanning from division e to division ¢’ p=1,...,P,n=1,..,N.

5“2 >0: The input slack variable of the n" supply chain for the a"
intermediate measure in the n" supply chain which goes from division ¢’
to divisione a=1,...,A, n=1,...,N.

7 > 0: The output slack variable of the n™ supply chain for the a"
intermediate measure, which goes from the division e’ to the division e
a=1,..,A,n=1,...,N.

=(A',4,...A)" : An unknown column vector.

& ¢ Efficiency score of "th input from the e division.

Consequently, a weighted average of the input efficiency scores of the
supply chain divisions in production processes used to calculate the
overall supply chain’s efficiency, as shown by the model (2).

. 1 M e
0 = Min a)ﬁ(Fgém)

N

e e e —e _ - _
WZ:lxmnxln <& x, m=1,..,.M;,e=1,..,.E
N ~e e e +
leqn/ln quk q=1..,.M;,e=1,..,E

n=
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Zy:"l’: Zy:k 1/:1/""Rg /e:L...,E
n=1

N

nglb]'nﬂvn Sb/k ]:1,...,]9,8:1’“.’E

N

X wi, A =, d=1,..,D, e=1,.,E

n=1

N o . n . .
S Ao s =3 Ao Yee), vp=1,..,P
j=1

npn n " pn
n=1 P g

é/l:zi“j””) —s ) =700 V(e e), (¢ =e, e=e), (¢ =¢,e=¢ )a=1,..A

N e (e, e) +(e', e) (e, e) ' ’ '

E]l/lnzu], +s, =z v(e'e), (e'=e, e=e), (e'=¢ ,e=e),a=1,..,A

N

> A =1 n=1,..,N,e=1,.,E

n=1

2,20,5¢">0, 520, s, & UR, n=1,.,N, e=1,..,E @)

The supply chain objective function computed by taking a weighted
average of the optimal input-oriented efficiency of supply chain divisions.
In addition, the optimal quantity of objective function model 2 established
by averaging the sum of the efficiency components of inputs under natural
disposability. Constraints in the first and second categories correspond to
inputs set under natural and managerial disposability. Additionally, the
fifth category of restrictions relates to dual-role factors of the supplier,
manufacturer, and transmitter divisions, whereas the third and fourth
categories are related to desirable and undesirable outputs. The
intermediate measures transferred from the supplier divisions to
manufacturer’s divisions, manufacturer’s divisions to transmitter
divisions, the transmitter divisions to distributor divisions, and finally, the
customer divisions correspond to the sixth category constraints.

The intermediate measures that leave power plant divisions and
enter supplier divisions as well as the intermediate measures that leave
transmitter divisions and enter power plant divisions are the subject of the
seventh and eighth category constraints. The production return to scale is
the subject of the final category of constraints.

3.3 The Inverse DEA input-oriented Model of Supply Chain

This section emphasizes the inverse input-oriented approach for a
power sector’s supply chain when dealing with under variable to return to
scale.
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3.3.1 The proposed Inverse input-oriented DEA Model

To formulate an inverse model, suppose the rate of the variations in
production factors is defined as follows:

AX: =(AX;,,AX;,,..,AX° )" >0: A column vector of the n" supply
chain representing m" inpﬁtns changes for the " division under natural
disposability e=1,..,E, n=1,...,N.

AX" = (A% A% ,..,A¥, )" >0: A column vector of the n™ supply
chain representing m" inputg cnhanges for the e™ division under managerial
disposability e=1,...,E, n=1,...,,N.

AY! =(AYS A, Ay, )T >0: A column vector of the n™ supply
chain representing R desirable outputs changes for the e" division
e=1,..,E, n=1,..,N

AB! :(Abfn,Ab;n,...,Ab]‘fn)T >0: A column vector of the n™ supply
chain representing ] undesirable outputs changes for the e™ division of
e=1,..,E, n=1,..,N

Following the assessment of the supply chain’s optimal efficiency
using Model (2), the efficiency scores is now incorporated into Model (3),
which computes changes to the two categories of inputs, for the DMU
(supply chain) that examined by the inverse DEA input-oriented model
(3). In addition, the suggested inverse DEA input-oriented model can
determine the optimal variation of two input categories for DMU while
assuming that the DMU keeps its current efficiency level compared to
other DMUs. Additionally, the weighted average of the optimal input
changes under the natural disposability of each division of the supply
chain used to calculate the objective function of the inverse input-oriented
model for supply chain evaluation

Min ia)ﬂ Ax;

%1 A <EF, +AF,) m=1.,M_, e=1,.E
e 2(E,+AE,)  q=l.,M],e=1..E
nZijlyf”/Lf >y r=1,,R ,e=1,.E
éb}.”/ij <, j=1,,] e=1,.,E
5w, A —w' d=1,.,D, e=1,.,E

3 A% ¢ s;”' D= i A0 e, e"), vp=1,..P
j=1

n=1 "o
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éi:zx’” —s;“"") :szk" % V(e'e), (e'=e, e=e),(e'=¢,e=¢, )a=1,.,A

N e (e, e) +(e', e) (e, e) ' ’ '

nZ:j]inzaj +s, =z v(ee), (e'=e, e=e), (e'=¢,,e=e ),a=1.,A

N

A =1 n=1,.,N,e=1,..,E

n=1

2,220,520, 5“">0, s, UR, n=1,..,N, e=1,.,E 3)

Constraints in the first and second categories relate to inputs that fall
under natural and managerial disposability. Variations of the m™ input
under natural disposability from X/, to X/, +AX’, and variations of the
q" input under managerial disposability from X, to ¥ +AX, for the e
division in the k™ supply chain are indicated by right-hand side. Since A
is free under signal, an optimal solution may contain values of either
positivity or negativity.

4. A Real Case of the Power Industry

In this section, we analyze the Iran power industry using the suggested
model. The next subsection will describe the dataset,and the results
indicated in the following subsection.

4.1 Dataset

Ten supply chains (DMUs) considered consideration during the
application phase. Throughout the application process, supply chains,
which include oil and gas fields that supply a variety of fuels to power
plants, regional power companies, distributors, and customers, considered.
The supply chain, two suppliers were considered: oil and gas fields that
met the power plant’s intermediate fuel requirements and sold fuel as the
end product. Suppliers used capital input under natural disposability and
one labor input under managerial disposability in the suggested model.
One desired output such as oil or gas, and one undesirable output, such as
flare gas, were produced by the supplier. The cost of cleaning up flare gas
pollution was taken into consideration as the dual-role factor. Each
manufacturer employs three or more power plants, each with a the
different technologies such as thermal, combined cycle, gas, hydro, wind,
and solar, and sells their products to surrounding industries. These power
plants used labor, capital, and fuels under natural and labor of hydropower
plants under managerial disposability to produce electricity. The electricity
consumption of power plants, which comprise both technical and non-
technical usage,is referred to as a dual-role factor since it plays both an
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input and an output role; The transmitters transfer electricity from
producers to distributors, the capacity and length of the lines considered
as the inputs under natural and the number employees of the department
of programming and researches used as input under management
disposability. For power plants three, undesirable outputs, carbon dioxide,
nitrogen oxides, and sulfur oxides emissions into consideration. The
specialized workforce in the programming was the dual-role factor,
although building new lines was considered desirable output. The loss of
the transmission lines deemed undesirable output, transmission
companies supplied electricity to distribution companies, which then
distributed it to end users. Two capital inputs used, which estimated as the
distribution lines’length and capacity under natural disposability, and the
number of engineering assistance departments and programming
estimated under managerial disposability. The desirable output identified
as the electricity meter, and the undesirable output was identified as
distribution line losses. Lastly, residential, agricultural, public, and
industrial customers were categorised. (TAVANIR) website [9] of the Iran
Power Generation and Transmission Corporation has access to all the
information supply chain divisions.

Additional information on the characteristics of the supply chain
divisions further explained in the following.

h, : The number of divisions in the supplier level (,: 1, 2).
—e(s)

1n

supplier.

: The n™ supply chain’ oil and gas fields capacity for the h,"

~e(s)

xln
¥ : The n" supply chain’ sales of Oil and gas to other businesses for

the e," supplier.

: The number of workers in n" supply chain for the e, supplier.

b : The n" supply chain’ the oil field (10° barrels) and gas field

1n

(10°m’) flaring gas for the e" supplier.

w® : The n" supply chain’ the price of clearing of burned gas (flaring
gas) for the e." supplier.

e, : The number of divisions in the manufacturer level (e,: 3, 4, and
5).

x:" : The n™ supply chain’ power nominal for the ¢, manufacturer
(10° kWh).
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—e(m)

: The n" supply chain’ the total number of employees for the e,
manufacturer

%" : The n" supply chain’ the number workers for ¢, th manufacturer
hydropower.

e(m)

y;": The n" supply chain’the proportion of recently built power
plants for the e, manufacturer

b : The n™ supply chain’ NO, emissions for the e, manufacturer

(10°kg,/ 10°KWh).

b : The n™ supply chain’ SO, emissions for the e, manufacturer
(103kg / 106kWh).

b : The n" supply chain’ CO, emissions for the e, " manufacturer(10®
kg/10° kWh).

e(m)

w{" : The n" supply chain’ the manufacturer’s 1nterna1 consumption
(techmcal and non-technical consumptions) for the e," power plant10°
kWh).

e, : The number of divisions in the level of the transmitter (e, : 6, 7).

_E(” The n™ supply chain’ transmission lines capacity for the e
pply pacity

transrmtter(MWa).

%,”: The n" supply chain’ transmission line length for the ¢, "

transmitter (km circuit).

%" The n" supply chain’ the total number of workers for the ¢,"

transmitter’s department

of programming and research.
y:": The n" supply chain’s newly constructed transmission lines for the
e," transmitter (km circuit).

b : The n" supply chain’ transmitter lines loss for the ¢," transmitter
(10° KWh).

e(t

: The quantlty of the deputy workers involved in the exploitation and
transfer of the ¢," transmitter in

the n" supply chain.
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e, : The number of divisions in the level of distributer (¢,: 8,9, 10, and
11).

~e(d) . h

x: The n" supply chain’ distribution lines capacity for the ¢,
distributer in (MVa).

%Y :The n™ supply chain’ Distribution line length for the e,"

distributer (km).

%" : The total number of workers in the ¢, " distributer’s department
engineering assistance and programming in the jth supply chain.

¥ : The n" supply chain’electricity meter for the ¢," distributor
b : The n" supply chain’ distribution line’s percentage of losses for
the e," distributer (%).

e. : The number of divisions in the level of the customer (e : 12,13, 14,
and 15).

%Y. The n" supply chain’ average expense for the ¢ customer,

including fuel subsidy of (USD).

J?;’;C) : Direct sale of power to the e" customer in the n" supply chain
by the transmitter Company (10° Kwh).

¥:: The n"supply chain’ total number of clients for the ¢," customer.

¥ : The n™ supply chain’ sales of power for the e, client (10° kWh).

bi'9: The n" supply chain’ disconnect for the ¢" customer’s power
(minute/year).

v;"].’“') : Transportation of materials from the e division to e’ division
(10° kVA).

2" : Power sent from the " division to e’ ™ division (10° kVA).

aj

4.2 Results

First, model 2 was employed to estimate the input- oriented efficiency
score of the ten supply chains (DMU) under VRS, Table 1 lists the outcomes.
Based on vaiable returns to scale, Tables 1'first column displays the
supply chains’s overall efficiency score. According to Table 1, supply chain
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Table 1
The input-oriented efficiency score of supply chains (DMUs) under VRS.
DMU| 6, 5}{51 gksz 5):\/11 kMZ 575\/13 5);” sz ékm 552 §kD3 51?4 gka gkcz §1<C3 kC4
1 (0977 1 |099| 1 |1 |1|1| 1 (071 1 |064| 1 |[1]|1]1]1
2 |0962| 1 |084(074( 1|1 (1| 1| 1)08| 1 |1 |1(|1]|1]|1
3 /1098 1 (083 1 (1111 |1 |1 |1 |1 |1f|1]|1]|1
4 |1.000| 1 1 1 (1111 |1 |1 |1 111|111
5 10999 1 1 1 (1|11} 1|1]1]091|1|1|1]|1
6 (098] 1 (083 1 |1|1|1(11087 1|1 |1]|1|1|1]|1
7 |0946|056(077( 1 |1 |1 |11 |1 |1 |1 |1]|1|1|1]|1
8 [0965| 1 (084 1 |1|1|1(088 1 (069 1 |1 |1|1|1]|1
9 10978 1 1 1 (11111071 1 |064| 1 |1 |1|1]|1
10 {0.999| 1 1 1 (1|11 11]097) 1 |1 |1 |1|1]|1]|1

number 4 obtained the highest efficiency score (1) under VRS. Moreover,
15 divisions of supply chain 4 were efficient under VRS, while DMU?7,
with an efficiency score (0.946) had 13 efficient divisions. Looking
vertically across the table reveals that the second and third power plants in
the ten supply chains, the first transmitter, and power customers of the
residential, public, agricultural, and industrial divisions, were efficient
under VRS. Now, efficiency scores of supply chain divisions are
incorporated into the model (3) to determine optimal resource allocation
and the simultaneous variation of production factors. Tables 2-8 indicate
variation in two categories of inputs, and the new values after allocation
for oil and gas fields, power plants and transmitter and distributer lines in
10 supply chains. In Table 2, columns 2 to 5 report the changes in the two
categories of inputs of suppliers 1, and 2, and columns 6 to 9 show the new
quantities of the two categories of inputs of oil and gas fields in 10
electricity supply chains.

In this way, we can exploit the minimal applied capacities that create
investment opportunities variation for 15 divisions in 10 supply chains.
Moreover, applying fewer resources in energy sectors of the supply chain
causes a dramatic variation in investment regions while overall efficiency
and production factors remain constant. According to Table 2, the resource
allocation decrease of oil fields of 10 supply chains created a significant
reduction in the specialized workforce to flare gas inhibition as desirable
output (sold oil) and expenditure of flare gas return to gas natural cycle
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Table 2

The optimal changes and the new values of the supplier inputs under VRS for
10 supply chains

D =1 =2 ~1 ~2 =1 =1 =2 =2 ~1 ~1 ~2 ~2
MU| Ax] | AX | A%, AX | X +AX, | XL+ AT | XL HAX | XD+ AR

1 0 208 0 -1023.810 2550 7197.914 3200 1476.19
2 0 36600 0 490.476 61200 21596.34 1300 2990.476

3 |-5200.038 {-5.583|-756.668 | 250.783 | 16399.962 | 10794417 | 2443332 | 2149.217

4 0 0 0 0 32400 6480 3110 1400
5 0 0 0 0 12600 19440 2800 3000
6 |-8560.045(-5.584|-350.480 | 51948 | 34633.955 | 10794417 | 1849.52 1880.52
7 -37.546 | 6.003 0 0 46662.454 | 10793.997 2400 1380
8 0 -3.660| 0 597.619 39600 21596.34 1600 41850
9 0 0 0 820 9360 19440 2150 3000
10 -3600 0 | -1200 0 61200 6480 1300 2900

keep unchanged. Other hands, the applied capacities reduction of the gas
fields of supply chains numberl, 2, 3, 6, and 8 implies expert workforce
increase to flare gas control. Therefore, these gas fields should obtain the
necessary technological capacity to reduce harmful emissions when
applying fewer resources to the production processes. Finally, the gas field
of the seventh supply chain to efficiency score maintenance should apply
more resources as an expert workforce and the gas amount sold to other
companies and flaring gas emissions and cost of cleaning flare gas
remained unchanged. The oil fields of supply chains number 3, 6, 7, and
10 can fewer resource utilization and a significant decrease in specialist
workforce amount sold gas to other companies and flare gas emissions
and cost flare gas return to gas natural cycle maintains constant incontrast
the gas fields of supply chains were applied fewer capacities need to more
specialist workforce for desirable and undesirable outputs and dual-role
factor keep constant.

Tables 3-5 indicate the variation of two categories of inputs and their
values after allocation in power plants and transmitters of 10 supply
chains.
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Table 3

The optimal changes and new values of the inputs of manufacturer 1,and 2

3 3 -3 —4 —4

DMUIA A5 |5 g | 0% ek |0 R |
1 0 0 63224 | 3340 0 4070 0 0 15408 | 1595
2 |-12680(-753.802| 3520 |1482.198| 0 15027331 0 0 10400 700
3 0 0 10448 1000 |[-760.267| 1000 |1377.82]-1560.61| 7078.94 | 1739.386
4 0 0 80224 993 0 1000 0 0 86224 | 3300
5 0 0 5184 890 0 890 0 0 1192048| 893
6 0 0 13672.88| 2300 0 2300 0 0 3312 2465
7 0 0 966.32 | 1450 0 1450 0 0 8352 2666
8 0 0 14912 | 1490 0 1520 0 0 10320 | 2251
9 0 0 3872 1500 0 1500 0 0 10590 | 3383
10 0 0 11453.6 | 3140 0 3180 0 0 6787.2 760

Table 4

The optimal changes and new values of the inputs of manufacturer 2, and 3

~4 =5 =5 =5
DMU| A%, zlg AT | A, Zlfkf: zszij AR, 21;15: AF, | AR,
1 | o | 1600 [0 [0 [ 11903 [1200] 0 1200 0 [ 0
2 [ o 700 | 0 | o [2626952]2573] 0 [2600] o [ 0
3 [-1542.67[1757.333] 0 [ 0 | 16760 [1979] 0 [2005] 0 | 0
4 | o [ 3300 [0 o s34 [2005] 0 [2005] o | o0
5 | 0 900 [ 0 [ o [16417.76]2823] 0 [2823] 0 | 0
6 | 0 | 2500 [0 [0 396 [80]o0 80| o [o
7 | o | 2700 [0 [ o [178447 [ 890 [ 0 [ 890 [4774187] 0
8 | 0 | 2260 [0 [ 0| 16800 [1300] 0 [1300] 0 [ 0
9 [ o [ 300 [0 [ o 7072 [3994] 0 [4100] o | o0
10| o0 760 | 0 | 0 [205328[159] 0 [159%] o [ o

According to Table 3, the nominal capacity of the first power plant
and labor in supply chain number 2 decreased, and this resulted in the
abatement of specialist workforce as NO,, SO,, CO, harmful gases
emissions of the power plant sector and amount of desirable output and
labor of renewable power plants keep without changes. Also, the second
power plant of supply chain number 3 more fossil fuels utilization for



1328 M. POURALIZADEH

more power production and workforce decrease of hydropower plants of
this supply chain pollution emissions three toxic gas (undesirable output)
and new construction of power plant (desirable output) and inner
consumption of the power plant ( dual-role factor) remained constant.
According to Table 4, the two categories of inputs of the third power plant
remain unchanged in supply chains 10. The increase in transmitter line
capacities of the first transmitters of supply chain number 7 does not
create changes for other production factors. Indeed, the transmitter line of
supply number 7 can utilize more capacities from transmitte line without
increase power loses and specialist workforce for power loses inhibition.
As indicated inTable 5, supply chain number 8’s second transmitter line of
confront decreases in the capacitiy and length of the transmittre line, and
a slight increase in the specialist workforce as loss of transmission line and
new construction of transmission lines and the number of deputy employees
of transfer and exploitation remain constant.

Table 5
The optimal changes and new values of the inputs of transmitter 1, and 2
Elék + Y;k + =6 i.lﬁk + =7 =7 f17k + E27k + =7 5217]( +
PMUI e | axs [0 azs | 0 | % | ax | ax) |0 |A7,
1 27542 8704 0 74 0 0 25086 | 14697 0 39
2 41011 91278 | 0 78 0 0 4938 22445 0 17
3 13659 | 86434 | 0 | 38 0 0 41011 | 91278 | O 78
4 16545 | 10369 | 0 | 25 0 0 41011 | 91278 | O 78
5 6871 | 28507 | O | 26 0 0 13659 | 84434 | 0 38
6 14068 | 111664 | 0 42 0 0 4938 22445 0 17
7 | 18945187 | 57805 | 0 | 51 0 0 8762 | 44804 | 0 26
8 10812 | 82733 | 0 | 33 |-3840.46 |-3384.4 | 11566.54 | 2255.337 | 1799 | 21.201
9 25086 | 146977 | 0 | 39 0 0 7376 | 37761 | 0 35
10 10812 | 82723 | 0 33 0 0 77164 | 14538 0 22

Table 6

The optimal changes and new values of the inputs of distributers 1, 2

4+ |7+ 8+ T+ | o+
DMU| Ax® | Ax® 1k AR | TR A | AX 1 1
1k 2k Axlgk Axfk 1k Axfk 1k 2k Axfk Axfk

1 1557.45 |-34890 | 9342.452 | 5547 | -22.40 | 24.6 |-447.488 [-4844.72| 693.512 | 3470.278

2 0 0 11349 |647021 0 292 | 37305 | -11340 |2367.305| 8399

Contd...
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3 0 0 11349 [64702) 0 292 0 0 3068 28043
4 0 0 8612 [12406| 0 55 0 0 1787 8942
5 | 875930 |-10820| 177593 | 2563 | -24658 | 12.658 0 0 2480 26770
6 0 0 11349 [64702) 0 292 0 0 3175 15731
7 |-314.916 |-32360 | 3324.084 | 4793 |-87.771|21.229|1012.329 |-1431.27| 2456.329 | 12443.734
8 |-114.881 |-48850 | 1969.119 | 2838 |-17.424|13.424 | 231.301 | -1440 |4452.301 | 23249
9 |1557.422|-34890 | 9342.423 | 5547 |-22.400|25400f 0 0 1894 18162
10 | 636.207 |-31080 | 3326.207 | 4526 | -5.947 | 21.947 | 533.175 | -38590 |2617.175 | 13098

According to Table 7 and 8, the capacities of the first and second, and
third of distribution lines increased by 40% of supply chains incontrast,
the length of the distribution lines and the number of employees of the
engineering assistance department and programming are decreased as
power loss and dispatched electricity flow and efficiency score remaind
constant. This issue shows that the three distribution lines in this supply
chain need to improve their technology systems for energy losses. Thus,
they lack appropriate facilities to abate power loses. It is worth mentioning
that the fourth the distribution line of 70% of supply chains enables to a
notable reduction of capacity and length of the distribution line and
employees of the programming department as power loss and dispatchting
power keeps unchanged.

Table 7

The optimal changes and the new values of the inputs of distributter 3, and 4

=9 =10 =10 =10

DMU| A%, zx+ AR | axl ZE: zy* AR z; AR
1 |-37.700| 16.3 |1756.879 | -4657.937 | 5081.789 | 9103.063 | -7.353 | 28.647 | -2678.102
2 [-21.602]39.398 | 378.738 | -2688.322 | 2165.738 | 15433.678 | 8.641 |-50.641 | -168.407
3 0 79 0 0 3651 32533 0 115 | 573.586
4 0 42 0 0 1874 12075 0 115 | -1457.223
5 0 122 | -0.831 0 3964.169 | 32533 0 115 | 436.974
6 0 20 | -137.507 | -3455.908 | 1186.493 | 7645.092 | 5.059 | 24.905 | -44.521
7 |-78.793(36.207 | 612.988 | -3634.156 | 1512.988 | 9748.844 | -5.320 | 31.320 0
8 | -6.755 |63.755 0 0 4067 60332 0 54 | -1559.637
9 0 71 | 942,960 | -6115.908 | 4267.96 | 7645.092 |-11.941| 25.941 | -562.026
10 | 11.823 | 41.823 0 0 4067 60332 0 54 | -1559.637
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Table 8
The optimal changes and the new values of the inputs of distributter 3, 4
DMU Ax,) AX,, X, AT, | X+ AY, | A% | ZV AT,

1 -2678.102 289.247 1813.898 | 10341.247 | -11.330 46.67
2 -168.407 -4512.824 | 1155.593 | 6588.176 | 10.732 29.641
3 573.586 -4981.910 | 1473.586 8401.09 1.914 37.914
4 -1457.223 -46390 1717.777 9794 -2.803 77.803
5 436.974 -8060.728 | 3504.974 | 19982.272 | 11.180 90.180
6 -44.521 -7617.902 | 1849.479 1054.098 | -23.415 49.415
7 0 0 11349 64702 0 292

8 -1559.637 -30470 3835.363 21870 33.681 96.681
9 -562.026 -40350 3504.974 29862 36.180 90.180
10 -1559.637 -30470 3835.363 21870 33.681 32.681

Generally, the oil fields of 40% of supply chains have the necessary
abilities for waste energy inhibition by applying less resources and labor
without any change in the amount sold oil other companies and flare gas
emission. Indeed, the oil fields belonging to 40% of supply chains earned
appropriate capacities for flare emission reduction. Also, the gas field
should be equipped with the necessary technologies for flare abatement
and wasted energy inhibition because the decrease in resource allocation
of gas fields of 50% of supply chains requires to an increment of specialist
workforce for control flare gas. In particular, the first power plant of supply
chain number 2 has appropriate abilities to confront greenhouses by
applying less nominal capacity and maintaining the level of harmful
emissions and the amount of electricity sent to transmitter lines. Similarly,
the second transmitter of supply chain number 8 is equipped with newer
technologies and construction and commissions of improved engineering
systems for power loses inhibition. Therefore, the second transmitter of
this supply chain is able to fewer capacities utilization to keep constant
power losses and power production. Finally, the fourth distributor line has
acceptable abilities to decreasing capacity and length of distributer line in
70% of supply chains while wasted energy and dispatched electricity to
power costumers remained constant. According to the obtained result of
input-oriented inverse model performance, supply chains are divided into
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two categories as follows: (1) There exist divisions whose resources
decrease with maintaining the level of desirable outputs, and other factors
are possible in the case that increases investment resources to undesireble
outputs decrement. The gas field of 50% supply chains and the fourth
distributer line of 60% of supply chains were required to specialist and
programming workforce for flare gas return to gas natural cycle and power
loss abatement. (2) The divisions of the supply chain in which resource
allocation decrease provide investment capacities reduction while
desirable output and all production factor remain unchanged. The
resource utilization decrease of oil fields belonging to supply chains
number 3, 6, 7, and 10, implying especially abatement of the specialist
workforce while the sold gas to other companies and the cost of cleaning
flare keep constant.

5. Conclusions

In recent years, fossil fuel consumption, such as oil, natural gas, and
coal, has raised atmospheric concentration of CO2 and contributed to
climate change. Hence, the management and utilization of available
resources is critical in the power sector. The inverse DEA model was
suggested in this study for the power industry’s sustainable supply chain
improvement. The suggested model’s ability to determine the ideal
allocation of resources in supply chain divisions through the best possible
adjustments to two categories of inputs while maintaining the other
production indexes and the divisions’ efficiency is kept unchanged.
According to the results of the inverse DEA input-oriented model, the oil
field of supply chains 60% applied the optimal value of resources. It used
appropriate investment capacities to mitigate flare gas and waste energy,
while the gas field of supply chains 60% utilized the large number of gas
ressource in power production. Hence, they should reduce fuel
consumptions and apply more investment approtunities to flare gas
abatement. Also, the supply chains of 90% of power plant sectors and
transmitter lines indicate acceptable results in optimal resource utilization
and investment capacities allocation for environmental preservation and
energy inhibition.
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