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Energy is one of the main pillars of economic and social development of
societies and plays a fundamental role in areas such as industry,
transportation, agriculture, and daily life. In the meantime, electricity, as
one of the most important forms of energy, has gained a special place, and
the increase in demand for it has increased the importance of choosing
appropriate methods of electricity generation. There are several methods
for electricity generation, such as gas power plants, combined cycle, coal,
nuclear, solar, wind, hydro, geothermal, etc., each of which has different
characteristics and consequences. Considering the differences in
performance, cost, environmental impacts, and social dimensions of these
methods, prioritizing electricity generation technologies is an important
step towards achieving sustainable development and optimal decision-
making in the energy sector. This manuscript aims to identify and prioritize
electricity generation technologies using qualitative and quantitative
criteria in Iran. Therefore, first, electricity generation technologies are
identified, and the values of environmental, social, economic, and technical
indicators such as greenhouse gas emissions, cost per kilowatt-hour of
electricity, initial investment, employment rate, etc. are extracted for each
technology. Finally, using the Best-Worst method, the weights of the
indicators are determined, and using the VIKOR multi-criteria decision-
making method, electricity generation technologies are prioritized. The
results show that the combined cycle is the best technology and the green
hydrogen power plant is the least preferred technology among the 13
electricity generation technologies.
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1. Introduction

Energy is one of the most fundamental needs of
modern societies and plays a central role in
economic, social, and industrial growth. Since the
Industrial Revolution, its importance has steadily
increased, and it is now regarded as the driving
force behind development (World Bank Energy
Overview, 2024). Iran is among the leading
countries in the Middle East in terms of energy
production and consumption. With its vast oil and
natural gas reserves, the country can meet a
significant portion of its energy demand (U.S.
Energy Information Administration, 2024). In Iran,
natural gas and oil account for nearly all primary
energy consumption, while the contribution of
other sources—such as hydropower, coal, nuclear,
and renewables—remains limited (Abdolahinia, et
al., 2024). Given the growing demand for electricity
and the need to build new power plants, prioritizing
generation technologies based on a multifaceted
approach will become a major challenge for
policymakers. This issue can be examined from
several perspectives. First, diversifying the energy
mix is crucial since heavy reliance on fossil fuels
poses environmental challenges, making a
comprehensive evaluation of  alternatives
necessary. Second, decisions based solely on
economic factors, without considering technical,
social, and environmental dimensions, may result in
unsustainable outcomes. Finally, the global shift
toward renewable energy and the necessity to
reduce greenhouse gas emissions makes re-
evaluation unavoidable. Unlike many previous
studies that have focused on a limited range of
technologies or criteria, this paper will propose a
systematic framework based on multi-criteria
decision-making. We will consider indicators in four
dimensions to prioritize renewable and non-
renewable electricity generation technologies.
Technical factors will include efficiency, capacity
factor, previous experience and skills, accessibility,
reliability, and expandability. Economic factors will
cover investment costs, operational costs, internal
rate of return (IRR), and service life. Social factors
will involve local development, social benefits,
employment opportunities, and public acceptance.
Environmental indicators will include greenhouse
gas emissions, water consumption, land use, and
waste production. The criteria applied will not only
be more diverse but also more detailed than in
previous research. Another key distinction is that,
for the first time, 13 major technologies including
fossil fuel-based, renewable, and emerging options
will be evaluated within a coherent and integrated
framework. Methodologically, the study will

combine the Best-Worst Method (BWM) to
determine the weights of the criteria with the
VIKOR method to rank the alternatives. This
integration will provide greater robustness,
transparency, and reliability compared to
traditional approaches. Accordingly, this study aims
to address three main questions:

1. Which electricity generation technologies

will be prioritized based on the proposed

framework?

2. What advantages will the integration of

BWM and VIKOR provide compared with

traditional approaches?

3. How will Iran’s unique conditions influence

the evaluation and prioritization of electricity

generation technologies?

2. Methodology

This study employs a multi-criteria decision-making
(MCDM)  approach to evaluate electricity
technologies. The Best-Worst Method (BWM) is
applied for criteria weighting due to its consistency
and reduced need for pairwise comparisons. In
contrast, the VIKOR method is used for ranking
alternatives as it provides a compromise solution in
problems with conflicting criteria.

2.1. Weighting method

For criteria weighting in multi-criteria decision-
making (MCDM), various approaches, such as the
Analytic Hierarchy Process (AHP), Analytic Network
Process (ANP), entropy-based methods, and more
recent models like the Best—Worst Method (BWM),
are commonly applied. In this study, the BWM was
selected due to its requirement for fewer pairwise
comparisons and its ability to generate more
consistent results (Rezaei, 2015). In this method,
the decision-maker first defines the evaluation
criteria and identifies the best and worst criteria.
Subsequently, all criteria are compared with the
best and worst ones on a 1-17 scale, resulting in
two preference vectors. The optimal weights are
then derived by minimizing the maximum
deviations between comparisons while satisfying
non-negativity and normalization constraints.
Finally, a consistency ratio is calculated to assess
the reliability of the obtained weights.

2.2. Ranking method

For ranking alternatives, several MCDM techniques
are available, such as TOPSIS, PROMETHEE,
WASPAS, and VIKOR. In this study, the VIKOR
method was chosen because it can provide a
compromise solution when criteria conflict, which is
particularly important in energy-related problems
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where economic, technical, environmental, and
social indicators may diverge (Opricovic, 1988). The
method involves constructing a decision matrix
from performance data, normalizing it to remove
scale differences, identifying ideal and anti-ideal
solutions for each criterion, and calculating the
relative distance of each alternative from these
ideals. Based on these distances, a compromise
ranking is derived, identifying the alternative
closest to the ideal as the preferred choice.

3. Results and Discussion

This study evaluates thirteen power generation
technologies in Iran using seventeen key indicators,
which are categorized into four main groups:
technical, economic, environmental, and social.
Data for all technologies are collected and analyzed,
and the Best—-Worst Method (BWM) is applied to
determine the weight of each indicator. The final
weights of the indicators are calculated, revealing
that technical indicators are the most significant,
while social indicators are the least important. For
the final ranking of the technologies, the VIKOR
method is applied (v = 0.5), which balances group
utility maximization, reflecting overall project
success and stakeholder satisfaction, with individual
regret minimization, aimed at avoiding extreme
negative impacts on specific options. The
prioritization of the electricity generation
technologies is presented in Table 1.

Table 1. Prioritizing electricity generation
technologies in Iran

Technology Priority

Combined Cycle

Gas

Photovoltaic (PV)

Diesel

Hydro

Wind

Oil

Concentrated Solar Thermal (CSP)
Biomass

Geothermal

Nuclear

Coal

Green Hydrogen 13
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The analysis reveals that Combined Cycle
technology holds the highest priority, primarily due
to its high efficiency and Iran’s abundant natural
gas resources. Natural gas power plants rank
second, benefiting from low production costs, wide
fuel availability, and relatively low environmental
impacts compared to other fossil-based options.
Photovoltaic (PV) power ranks third, benefiting
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from Iran’s high solar irradiance, ease of
installation, and strong suitability for remote
regions. In contrast, Green Hydrogen is placed at
the lowest priority, as it requires advanced
technology, substantial infrastructure, and
significant investment, all of which are currently
unavailable under Iran’s economic  and
technological constraints.

In a country like Iran, which has abundant and
inexpensive natural gas resources, the use of
combined-cycle power plants is both logical and
cost-effective.  Following  this, natural gas
technology ranks second. With the world's second-
largest natural gas reserves, Iran holds a privileged
position to leverage gas-fired power plants, which
significantly reduce the costs of electricity
production and transmission while enhancing
energy independence. It should be noted that
natural gas is one of the cleanest fossil fuels, with
relatively low environmental impacts compared to
other fossil fuels, making it a key reason for its
selection. Photovoltaic solar technology ranks third
due to Iran's high solar radiation and the potential
for widespread utilization. With more than 300
sunny days per year, Iran is one of the most suitable
countries for developing this energy source.
Additionally, the ease of installation, low
maintenance costs, and applicability in remote
areas are other advantages of this technology; thus,
photovoltaic solar technology is considered the best
renewable option for electricity generation.

Diesel technology ranks fourth. Although it has high
pollution levels and higher fuel costs compared to
other options, its high flexibility, rapid deployment
capability, and lack of dependence on a national
grid make it noteworthy, especially in emergency
situations and underserved regions. Hydroelectric
power plants, relying on lIran's long-standing
experience and domestic water resources, rank
fifth. Despite the water crisis, there remain
exploitable potentials in some areas of the country.
Wind turbines, due to the high wind capacity in
regions like Manjil and Sistan and their
environmental benefits, rank sixth. However, high
costs and the need for precise grid load
management remain major barriers to their
widespread development. Oil-based technology
(petroleum coke and liquid fuels) ranks seventh.
Due to the extensive oil infrastructure and available
resources, it remains a relevant option. However,
its use is gradually declining due to environmental
concerns. Concentrated solar power (CSP)
technology, despite its advantages in energy
storage and continuous electricity production, ranks
eighth due to its technical complexity and high
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construction costs. This technology requires large
spaces and regions with consistent, intense solar
radiation. Biomass technology, based on the use of
agricultural, urban, and industrial waste, ranks
ninth. It can play a significant role in waste
management and pollution reduction; however, the
lack of a suitable supply chain and technical
infrastructure limits its share in the country's
energy mix. Geothermal energy ranks tenth.
Although it offers high sustainability in electricity
production, the need for significant initial
investment, deep drilling, and specialized
technology has slowed its development. Nuclear
energy ranks eleventh. Despite its high electricity
generation capacity, safety concerns,
environmental issues, high costs, and political and
international considerations have limited its use in
Iran. Coal ranks twelfth. Its extremely high pollution
levels, global pressure to reduce fossil fuel use, and
environmental policies are the primary reasons for
its declining priority in Iran. Finally, green hydrogen
power plant technology ranks last. Although it is
one of the most promising sources of clean energy
for the future, its extremely high costs, need for
advanced technologies, and extensive
infrastructure—currently unavailable in Iran—have
placed it at the bottom of the list.

4. Conclusions

Electricity, as one of the most fundamental forms of
energy, plays a pivotal role in supporting economic
growth and enhancing quality of life. Given that
electricity generation methods differ significantly in
terms of technical, economic, environmental, and
social aspects, their evaluation and prioritization
represent a crucial step toward intelligent and
sustainable planning in the energy sector. In this
article, a range of conventional electricity
generation technologies in Iran were examined, and
a precise analysis was conducted using multi-
criteria decision-making methods, particularly the
integration of the Best-Worst Method (BWM) and
VIKOR techniques, based on selected criteria. The
analysis results indicate that combined-cycle, gas,
and photovoltaic solar power plants hold the
highest priorities, respectively. The combined-cycle
plant, as the top priority, leverages dual turbine
types and high efficiency, positioning it as an
efficient and relatively low-cost option. Gas power
plants also secure second place due to their rapid
construction, operational flexibility, and low
investment costs. Photovoltaic technology ranks
third, relying on the renewable solar resource;
although it faces challenges such as weather
dependency, it plays a significant role in reducing

emissions and diversifying the energy mix. Other
electricity generation technologies follow in
subsequent rankings. Based on these findings, it can
be concluded that focusing on the development
and deployment of the identified top
technologies—particularly under Iran's climatic and
economic conditions—can pave a more sustainable
path for the country's energy supply and provide a
solid foundation for future decision-making in the
energy domain. As a continuation of this research, it
is recommended that future studies incorporate
various scenarios, such as stringent environmental
scenarios or water scarcity conditions, and examine
changes in rankings under these circumstances.
Additionally, comparing the results of this study
with other decision-making methods, such as AHP-
TOPSIS, or integrating multi-criteria decision-
making methods with optimization or simulation
models, could enhance the precision and depth of
the analyses.
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Table 2. Review of indicators considered in the literature
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Table 3. Indicators used in the research
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Table 4. Final weights of 17 criteria using the best-
worst method

L ybxo (339 s ls
</\PRY e S g
</ ¥V sleiz| codguio
/eYYO k090 (Sl 9,0
./-95% LIRS
/o PFE RWICENCRE
AR =
</\YPY Gl yus a5
«/-Y\¥ Slles sloas 3o
</« FAY Obeb! colils
</« AN slalls sl Lecl
/- F9A ol G pae e
</ XVF Sl essbz 5
</+YQY drwgs Cubl
</ \\Y Eloixl Coje g (Ao anugs
+/+YEq Al adgs
«/+YY- Aado yof 0,90
</ 0Y 3030550 (pey Clino

ooliiwl H5Sus e, 5l dags,sld pled e, ¢ln
bad a8 Loy o v=e /0 lade (hg, (pl 0 090 o0
G5 Saiee) (29,5 Cangllas (gilu 2Slax lee (ol
solo)b il Blas g (Gleand 551 cols) g ojp
) S gy » wad hie bl pTelr) 638
Syl &5 wad e i ol @l 005 185 (e
Gr oy Gln Olpl glacaglsl oo o oS IS
kol Cgn a5 SOl @ azgi b 0y e )8
B @l a4 (o s Sgpes el (oS 5SS o503
Sl 052 (izen 5 )5iS )0 OlslE oumb

o 3 Sles 4 bae sleodls 1 gl > @
39 o0 eSS el o yile Sy g 06 glaen 4k S

O ol slacgley Bi> sl ipgoado o @
D98 s0 (§5buleys praal Lo djlixe

DN 5 O lme p sy ipgw Al o @
patie e g Cute Jlonl glad> lgiea o Sles

G Cod aniS e ol ek Ao @
b boe 5l oolital b e 5 oot Jlowl slad>

abdmlxe salold S S Ly Ao g @
S Wl s 4 aniF e lp ol el S
ol Jlosl > a5 a5 o)1 (oo p soimolis

wold, a3ls elol il Aoy @
OLASEF g oad ganas, G5 o ,Sles L5l leasy3S
D9 e 7 ke Sl oy Glseas Jloaul Jo 4y a4y 55

£ )

Consistency Ratio = ——————
Consistency index

= (2l (7 = ol = DIV ™
Se=1" = ) o7 = /5 =D

Qr=L,""" = maxj{(

fi = fiD/(

=150} M
‘SQ),.O axflbwo -¥

CLl G i Olyiedr Glpl 5siS walllas (pl o
WooSlas 2Ll sl saelS a3l VY g 0500
Sloosls 59l o 48,5 Jla )5 5wy calise (5,5l8
Sle s 950 Galeer buyld oloiay Ly
ol (niariiiee Oy 3l deoasll ey
Jolss ol aiws [l 1o a3l VYl il 0gd oo
Digd oo S elodxl g ety (goladl ( 25
Y oS ol sl oolinl b atws o a4 izt p5 50
allai sl eolawl b as glaigSay .0 .8 o ploxil 200559 0
ezl a3lh s e B AP (B
220 e Vg o 185 A3 )0 aTwd () el
b gl oolaiul b b asls (5o g (o i dwd
g (8 dahwd ;0 gl o (20039 0 U ) & S
Carmgs bl 5 pasld (n Fpge plgieds € g yiwd
s 3 Wigd oo DIl (aFLE (n SlaenleS Dloica

't'a,L».;;;/A o)sé/\f‘f JL""/&S)5°}V.5M"&5‘”W



RULCEE BT

AR

3 dgdes DBl Gp 0y Cuzr pdisas 5 sld
ol 4281 0S8 Jps gl )l Sl
S fllion S g ainje 9 b (San¥lghls 5 ks
Syl Sl YU (5 pdsllas] Ll cinloas ¥ ol @
Obzes ol el (gl 4l 4 5l pos 5 @
Bble Gl 5 )lhdl Lalyl )0 0504 all azgis ;50
2 4S5 L (SopSlgyane) 2lsn gleelSs s ey
@l b 5l erSone s olnl o (SYsb akls 5 425
ol Glhou 0929 b ailaid § sla ey a5, jo (L5
JE slodeily jeaS bl (Sp e plges
o a5 ook Slagm,s 9l 352 610 ne e
9 Ol 5 ez aiile (bl o o (YL )b
elaisl 353 4 ) il a5, (amecam; bl
GBS Capoe 5l 5 YU leanie (Jlcnll ool
a5, 50 Sl Gl 08,8 drngs Lol milge 5l S b
318 1R (S5 Slale 5 (B SS) (S (5l ptan
5 007 (S8 st 352y Jdo 4 (5,58
el gl Sloan 3551 (So plres (s 53 wlie
G2l J o amedany Bl Jdo 4 aiz e
S9z ol sl o> Syl syskd el eolaitul (2 y05
@ W Gp adg 2Ulg 9 651 silwe > bl
pde ad) o Vb cole anie g (8 (Sas o
L bl 5 ok slad wiejls (5,58 (nl ol 48,51,
639U8 ot ool )0 el s jo3 ol 5 pglae LG
Glailowy 5l oolawl b as o)l 18 sogican;
R Wlgs o0 (59l nl el (o 5 (6 e 55,9l
Lol S Uiyl ST 2l 5 ol S ppoie o cags
o0l el ¢ 25 S Loy 5 camlin (el 055 pae
Aol Al HaiS (g5l dws )0 (G3game e Cul
WSl b oS o0 )8 w00 45 50 (Jlo i) (2lo)S i)
@k Wl 3p oy 50 VL 6)lak 5l
e2aZS $35SS 5 Gree (5)li> Vb adsl o S ke
S5 a3l 4 )3 09, Gl WS ol drags oad el
Flows Ll Vb 30 0y Ol 3525 b o3jlo )13 (lansn
Oeizmed g Vb anie (Jaseian sla SIS (sl
ol 51 soliil sas ely el 5 oo Slamdle
a35lgn a0 S ey ailes sgaze oyl pl jo (5,4lid
slp Sz slo)las Vb Ly SanVl ool a5 )18
rcals 5 b claiign 5l oslinul ials

‘"o)Lo.&/& a;sé/\f'f Jl""’/ks)5°l‘ef.’3&:"“*‘”$‘“"\';'ef°

58,5 )13 ol s g ol jo aidldsgi g 00 ,nuS
oS 5 b6, pl il o glyl jos ;o ($59deiSS (ol
223 o ) oYL by (235 ¢ )l S g95 50
Ao oo olis 1y 3 adgr slacs,glid (sancy oyl

Olnl 5o By sl asislesS ancaglsl & Jgaar

Table 5. Prioritization of electricity generation
technologies in Iran
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