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Identifying and Analyzing the Role of Exploitation of
Renewable Energy Sources on the Marketing of Iranian
Football Clubs
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Sara Keshkar Allameh Tabataba’i University, Tehran, Iran.
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Abstract

This qualitative study investigated the impact of utilizing renewable energy
sources in football stadiums. The research focused on experts in sustainable
development, stadium managers, and technical engineers involved in the Iranian
Football Premier League from 2019 to 2020. Data analysis was conducted using
qualitative content analysis methods. Research participants were selected
through purposeful and snowball sampling methods, ultimately leading to 12
interviews that reached theoretical saturation. The analysis resulted in 44 open
codes, which were further categorized into three key concepts: environmental
management, improving the social and cultural situation, and enhancing the
economic status. These categories encompassed areas such as reducing
environmental risks, managing energy resources and pollution, improving social
attitudes and welfare services, urban beautification, reducing organizational
costs, promoting the stadium's brand, and generating income. Given global
environmental crises and the impact of sports on the environment, it is
recommended that government officials, policymakers, and sports managers
support the utilization of renewable energy sources like solar and wind energy in
football stadiums. These actions are necessary for sustainable development and
carbon-free sports.
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Introduction

Football clubs rely on income generation and economic growth to survive and
expand. The main sources of income for clubs include match day revenue,
media deals, and commercial performance However, the world is currently
grappling with a significant issue known as climate change, which has led to an
increased concern for the environment. As a result, sports organizations,
including football clubs, have started implementing measures to mitigate their
impact on the environment, such as adopting renewable energy sources in
stadiums and venues. The objective of this research is to analyze the role of
using renewable energy sources in the marketing efforts of football clubs, with
the aim of improving their economic situation and promoting environmental
sustainability.

Methods and Material

Football clubs rely on income generation and economic growth to ensure their
long-term viability and expansion. The primary sources of revenue for these
organizations include match day ticket sales, media broadcasting deals, and
commercial sponsorships and partnerships. However, the global community is
currently grappling with the significant challenge of climate change, which has
heightened concerns about environmental sustainability across all sectors,
including the sports industry. In response, many sports organizations,
including football clubs, have begun implementing measures to mitigate their
environmental impact. One such initiative involves the adoption of renewable
energy sources to power their stadiums and other operational facilities. This
shift towards renewable energy aligns with the growing emphasis on corporate
social responsibility and the need for sports entities to demonstrate their
commitment to environmental stewardship. The objective of this research is to
analyze the role of using renewable energy sources in the marketing and
branding efforts of football clubs. The aim is to investigate how the integration
of renewable energy can not only promote environmental sustainability but
also potentially improve the economic situation of these clubs through
enhanced fan engagement, corporate sponsorships, and other commercial
opportunities. By examining the intersection of renewable energy,
environmental sustainability, and football club marketing, this study seeks to
provide insights that can guide the strategic decision-making of sports
organizations as they navigate the evolving landscape of climate change and
consumer preferences.

Results and Discussion

After analyzing the qualitative data, 58 open codes and 20 central categories
were extracted in order to identify the role of using renewable energy sources
on the marketing of football clubs. Finally, 5 main categories emerged:
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customer attraction, income generation, green marketing, attracting support,
and brand marketing.

The category of customer attraction includes the central categories of
creating visual appeal, improving service quality, green advertising, and
competition with other clubs. This suggests that the use of renewable energy
can enhance the overall fan experience and differentiate the club from its
competitors, thereby attracting more customers.

The category of income generation encompasses the central categories of
eco-friendly product production, power marketing, reducing stadium expenses,
ticket price increase, and increased financial gains. This indicates that the
adoption of renewable energy can lead to cost savings, new revenue streams,
and improved financial performance for football clubs.

The green marketing category includes the central categories of fan
education, promotion of green culture, fan social needs, fan loyalty, and
garnering social support. This suggests that the integration of renewable
energy can help football clubs to engage with their fans on environmental
sustainability, fostering a sense of community and loyalty.

The category of securing support includes the central categories of
attracting financial sponsors and obtaining government support. This implies
that the club's commitment to renewable energy and environmental
sustainability can help to attract corporate sponsors and secure government
backing, further strengthening the club's economic position.

Finally, the brand marketing category encompasses the central categories
of enhancing the club's reputation, club's brand preference, and the brand's
eco-friendly image. This indicates that the use of renewable energy can
contribute to the club's overall brand positioning, making it more attractive to
fans and stakeholders who value environmental responsibility.

Overall, this study provides valuable insights into how football clubs can
leverage the use of renewable energy sources to not only promote
environmental sustainability but also enhance their marketing and branding
efforts, ultimately leading to improved economic performance and long-term
viability.
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Figure 1. Thematic map of the role of exploitation of renewable energy sources on
the marketing of football clubs
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Figure 1 shows the thematic map of the role of using renewable energy
sources on the marketing of football clubs. This model has been developed after
finishing and completing codings, categorizing codes, forming concepts and
categories, and determining the relationship between them, through selective
coding, which consists of 5 main categories and 20 core categories.

Conclusion

The results of the current research show that the consequences of using
renewable energy sources on the marketing of football clubs, such as attracting
customers, generating income, green marketing, attracting support and brand
marketing, have favorable benefits for football clubs and sports organizations.
Therefore, the use of renewable energy sources in football stadiums is not only
economic justification and return of investment in the long term, but also causes
the social and economic growth of football clubs. Therefore, it is suggested that
considering the existence of environmental crises, such as air pollution in big
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cities, lack of water, climate changes and other environmental risks in Iran, as
well as the positive and constructive role of using renewable energy sources in
stadiums on growth and development of marketing of football clubs, the
government, club managers and sports professionals of the country, such as the
country's sports facilities development and maintenance company, take positive
measures in the direction of building and equipping green sports venues and
replacing renewable energy sources instead of traditional and fossil energy
sources in venues and sports stadiums .Finally, the utilization of renewable
energy sources in stadiums and training camps, through green revenue
generation (energy marketing), green advertising, green marketing, and stadium
brand development, leads to the economic growth and development of football
clubs.
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Abstract

Forecasting electricity demand is one of the most important issues of the electrical
energy system. Considering the structural changes in electricity demand and the
stylized facts of electricity consumption, forecasting the amount of electricity
demand will clarify the prospects of changes in the Iran's electric energy system.
By using new approaches, this prediction will have higher reliability. In this
research, using the state-space approach and combining it with Markov regime
switching, the main sources of uncertainties were included in the model. By using
the data of electric energy feed-in the system to supply electricity demand and the
average real price of electricity and temperature and the number of customers in
the ten-year period of 2013-2022, the parameters of the model were estimated
based on the state-space approach and Markov switching. State-space approach in
the form of time-varying parameters and Markov switching approach in the form
of variance fluctuations were included in the model. The results showed that the
model based on this integrated approach gives a more accurate prediction than the
classical model of electricity demand. The standard error of the estimated
equations is reduced to one-tenth (in the competing model, the standard error of
the corresponding equation is 0.03, and in the integrated approach, it is 0.002 for
peak and 0.004 off-peak periods). While this system has a serious challenge in
providing electricity demand, the sensitivity of electricity demand to the real price
of electricity and temperature changes is decreasing and the demand for marginal
costumer is increasing.
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Introduction

Forecasting electricity demand is a critical issue within the electric energy system.
Given the structural changes in electricity demand and the stylized facts of
consumption patterns across various sectors, forecasting amount of demand clarifies
the future trajectory of the Iran's electric energy system over the medium and long
term. This study addresses the fundamental question of how a integrated approach,
combining Markov regime switching and state-space modeling, can yield more
accurate electricity demand forecasts compared to conventional methods. By
integrating the state-space approach with Markov regime switching, the primary
sources of uncertainty were incorporated into the model.

Given the multidisciplinary nature of this research, the study begins by
examining the Iran's electric energy system. Particular attention is paid to presenting
a clear picture of the current state of electricity demand and its structural changes.
Based on observed phenomena, stylized facts and the theoretical foundations of
time-series forecasting models, a integrated approach combining state-space models
and Markov switching models was selected. This choice aims to leverage the
strengths of each method while compensating for the individual limitations inherent
in using either the state-space approach or the Markov switching approach in
isolation.

Methods and Material

This study aims to gain a precise and up-to-date understanding of the evolving
structure of electric energy demand in Iran. It seeks to disentangle the changes driven
by technological, socio-economic, environmental, and regulatory factors and to
establish a framework for accurate, robust demand forecasting based on these
dynamics. By employing an integrated approach combining state-space models and
Markov switching models, the research aims to provide an outlook on the challenges
of meeting electricity demand, thereby generating the information necessary for the
optimal development of supply-side technologies and the formulation of national
electric energy policy.

Based on the research process and following the presentation of theoretical
foundations and a review of prior related studies, the competing techniques model
was selected for forecasting electricity demand. Through an analysis of lIran's
electric energy system data, the key phenomena and stylized facts of electricity
demand, as well as its structural changes were elucidated. Subsequently, after
organizing the time series data, formulating the intended model, and implementing
the necessary code in the relevant software (Win RATS Prol10.0), the competing
techniques models and the integrated approach were executed.

Using data on electrical energy input (to meet demand), average real price of
electricity, temperature, and the number of costumers over the ten-year period from
2013-2022, the time-varying parameters of the model were estimated based on a
combined state-space and Markov switching approach. The state-space approach
was incorporated to account for time-varying parameters, while the Markov
switching approach addressed variance fluctuations within the model.
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Results and Discussion

Since the beginning of the 2010s, the Iran's peak electricity demand during the hot
months began shifting from the evening peak to an afternoon peak. Furthermore, the
gap in electricity consumption between hot days and other days widened across all
load regions. The rate of growth in electricity consumption during the hot months
accelerated compared to that of other months, and fluctuations in consumption
increased throughout the year particularly during the hot season. The question also
arises as to whether these fluctuations and changes represent a transient, short-term
phenomenon or signal structural changes in the electricity demand sector that will
intensify in the coming years. Could signs or evidence of these phenomena have
been identified in studies of Iran's electric power system? What impact will these
phenomena have on the supply side of the electric power system? It is evident that a
comprehensive analysis of structural changes in the Iran's electricity demand and the
forecasting of electricity demand based on these changes has become essential.

The results demonstrated that the model based on this integrated approach yields
more accurate forecasts than the classical electricity demand model. While the
system faces serious challenges in meeting electricity demand, the sensitivity of
demand to real price of electricity and temperature fluctuations has been declining,
whereas marginal costumer electricity demand continues to rise.

Conclusion

The results of this modeling and its implementation demonstrate that the model
based on this integrated approach yields more accurate electricity demand forecasts
than the classical model. Given the importance of forecasting in this study and the
research question, the Root Mean Square Error (RMSE) was selected as the metric
for comparing the models. By employing an integrated approach the RMSE of the
estimated equations is reduced to one-tenth of its original value (specifically, the
RMSE is 0.03 for the competing model, whereas it is 0.002 for peak periods and
0.004 for off-peak periods under the integrated approach).

Iran's electric power system faces serious challenges in providing electricity
demand. Power generation sector alone confronting a supply-demand imbalance of
at least 16,000 MW of unmet demand at the time of this study. The research findings
regarding the estimation of the model's time-varying parameters indicate that the
sensitivity of electricity demand to real prices of electricity and temperature
fluctuations is declining, whereas marginal costumer electricity demand is rising.
These results point to an intensification of electricity supply challenges within the
Iran's power system in the coming years.

Keywords: forecasting electricity demand, state-space model, Markov
regime switching, Time-Varying Parameter, uncertainty of electricity
demand
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2. Markov-switching vector autoregression
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4. Stylized fact
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1. Random walk
2. Augmented Dickey-Fuller
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Null Hypothesis: DLE5S2 has a unit root
Exogenous: Constant
Lag Length: 2 (Automatic - based on SIC, maxlag=17)
t-Statistic Prob.”
Augmented Dickey-Fuller test statistic -6.086505 0.0000
Test critical values: 1% level -3.444158
5% level -2.867522
10% level -2.570019
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLES2)
Method: Least Squares
Date: 02/09/24 Time: 13:13
Sample (adjusted): 56 521
Included observations: 466 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
DLES2(-1) -0.233806 0.038414 -6.086505 0.0000
D(DLES52(-1)) -0.181473 0.048896 -3.711418 0.0002
D(DLES2(-2)) -0.161150 0.045668 -3.528695 0.0005
C 0.009579 0.002252 4.253390 0.0000
R-squared 0.191299 Mean dependent var -4 60E-05
Adjusted R-squared 0.186048 S.D. dependent var 0.038560
S.E. of regression 0.034788 Akaike info criterion -3.870534
Sum squared resid 0.559119 Schwarz criterion -3.834962
Log likelihood 905.8345 Hannan-Quinn criter. -3.856534
F-statistic 36.42885 Durbin-Watson stat 1.987433
Prob(F-statistic) 0.000000
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Dependent Variable: DLES2
Method: ARMA Maximum Likelihood (OPG - BHHH)
Date: 02/09/24 Time: 12:54
Sample; 53 521
Included observations: 469
Convergence achieved after 26 iterations
Coefficient covariance computed using outer product of gradients
Variable Coefficient Std. Error t-Statistic Prob.
Cc 0.040350 0.003455 11.67838 0.0000
AR(3) 0.162826 0.047961 3.394981 0.0007
AR(1) 0.637295 0.032307 19.72849 0.0000
AR(4) -0.066280 0.048873 -1.356170 0.1757
AR(6) 0.069304 0.037196 1.863209 0.0631
MA(52) -0.601970 0.03202¢9 -18.79435 0.0000
SIGMASQ 0.000889 4.51E-05 19.70660 0.0000
R-squared 0.621532 Mean dependent var 0.040771
Adjusted R-squared 0.616624 S.D. dependent var 0.048505
S.E. of regression 0.030033 Akaike info criterion -4.106503
Sum squared resid 0.416711  Schwarz criterion -4.044554
Log likelihood 969 9742 Hannan-Quinn criter. -4.082128
F-statistic 126.4554 Durbin-Watson stat 2.023866
Prob(F-statistic) 0.000000
Inverted AR Roots .88 .41-.45i 41+ 45i -.28-.59i
-.28+.59i -.49
Inverted MA Roots 99 .98+.12i 98-.12i .96-.24i
06+ .24i .93-.35i .93+.35i .88-.46i
.88+ .46i .81+.561 .81-.56i 74+ 66i
.74-.66i .66+.74i .66-.74i 56+.81i
.56-.811 .46-.88i 46+ .88i .35-.93i
.35+ .93i .24-.96i .24+ 986i .12-.98i
.12+,.98i -.00-.99i -.00+ 99| -.12-.98i
-.12+.98i -.24-.96Gi -.24+ 96i -.35-.93i
-.35+.93i -.46+.88i -.46-.88i -.56-.81i
-.56+81i -.66-.74i -.66+.74i -. 74+ 66i
-.74-.686i - 81+.56i -.81-.56i -.88+ .46i
-.88-.46i1 -.93+.35i -.93-.35i -.96+.24i
-.96-.24i -.98-.12i -.98+.12i -.99
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1. Autocorrelation
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Sample. 1 522

Date: 02/09/24 Time: 13:12

Included observations: 469
Q-statistic probabillities adjusted for 5 ARMA terms

Autocorrelation

Partial Correlation

AC

PAC

Q-Stat

Prob

VENOOBWUN=

-0.013
0.024
-0.008
0.004
0.016
0.006
-0.067
-0.040
0.083
-0.004
-0.069
0013
-0.009
0.022
0.052
0.073
0.033
0.026
0014
0.034
0.072
-0.002
-0.003
0011
0.022
-0.098
-0.008
-0.039
0.125
0.012
0.004
-0.014
0.077
-0.007
0.001
-0.032

-0.013
0.024
-0.007
0.003
0.016
0.006
-0.068
-0.042
0.08a6
-0.001
-0.076
0.016
-0.002
0013
0.048
0.088
0.039
0.004
0010
0.046
0.071
0.000
0.007
0016
0.016
-0.102
0.001
-0.018
0.125
0.001
-0.002
-0.010
0.059
-0.027
0.001
-0.027

0.0783
0 3590
0.3881
0.3939
0.5144
0.5308
2.6985
3 4560
6 7351
6.7424
9.0613
9 1461
9.1820
94163
10.750
13.364
13.880
14,190
14.282
14.840
17 391
17.393
17.398
17.458
17.705
22.519
22.552
23.318
31.122
31.209
31.218
31.324
34311
34 335
34 336
34 869

0.466
0.259
0.327
0151
0.241
0170
0242
0.327
0.400
0.377
0.270
0.308
0.361
0.429
0.463
0.361
0.428
0.496
0.559
0.607
0.370
0.427
0.442
0.150
0182
0.220
0.258
0191
0.227
0.268
0.289
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1.Kim C. J. & Nelson C. R.
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et ~ lld N(O, Gestz)
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MAXIMIZE - Estimation by BFGS

Convergence in 6 Iterations. Final criterion was 0.0000000 <= 0.0000100

LOW ITERATION COUNT ON BFGS MAY LEAD TO POOR ESTIMATES FOR

STANDARD ERRORS

Annual Data From 2611:01 To 3121:01

Usable Observations 459

Skipped/Missing (from 511) 52
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Abstract

With the increase in electricity consumption in the country over the last few years,
despite the strategic nature of the steel industry in the country, the supply of
electricity for steel companies has faced serious problems; In this study, we have
first examined the strategies for improving the quality and increasing the production
rate of Gol Gohar Steel Company through forming a SWOT matrix. Then,
considering that sustainable electricity supply is identified as the key strategy to
achieve this goal, using multi-criteria decision-making methods, different power
plants are ranked for electricity supply of this company. For this purpose, using two
main indicators of maintenance planning, i.e. reliability and availability, the options
have been evaluated, and the ranking of power plants has been done using different
methods: AHP, EDAS, TOPSIS, and MAUT. Also, for the weighting of criteria, two
methods of forming a pairwise comparison matrix (PCM) and Shannon's method
have been used. The results indicate that among the three power plants—Kahnouj,
Goharan, and Samangan—the power supply from the Samangan power plant will be
the most reliable for the Golgohar company. Specifically, in three out of four
decision-making methods, the Samangan power plant was identified as the best
option, while it ranked second in the remaining method. Additionally, the Kahnouj
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power plant and the Goharan power plant were identified as the second and third-
best options, respectively.

Introduction

The Iranian steel industry plays a pivotal role in the country's economy, contributing
around 30% of the gross national product (GDP). Official statistics from the
Chamber of Commerce of Industries and Mines show that the steel industry adds a
substantial value of $20 billion annually. This high level of productivity comes with
significant energy consumption, as the industry utilizes 20 billion kilowatt hours of
electricity per year. With a power plant capacity of 6,000 megawatts, the steel
industry presents a compelling opportunity for large private and semi-state
companies to generate their electricity, potentially easing the government's energy
burden.

In the steel industry, continuous electricity supply is crucial to ensure high
production performance and minimize costs. The frequent power outages lead to
production stops, increased production time, and higher costs, particularly due to the
impact on electric arc furnaces. The lack of energy sources and power outages in
recent years have posed significant challenges to energy-intensive industries like
steel production.

In this study, we are aiming to find the best power plant to supply reliable
electricity for the steel company with a special focus on key criteria such as
"availability” and "reliability”. Additionally, investing in providing electricity from
such a power plant will be very profitable for the company, enabling it to easily
cover the cost of its electricity supply and allocate surplus profits to other areas.

Methods and Material

After gathering the required data for each option in every criterion, as well as for
each sub-criterion separately, the next step involves calculating the importance
coefficient for each sub-criterion using the paired comparisons method and the
Shannon entropy method. After this, we will prioritize each option using four
different methods: AHP, MAUT, TOPSIS, and EDAS.

The data for this study was gathered by technical experts, production planners,
and maintenance and repair personnel at Mapna company. Some of the data was
collected by monitoring users in the power plants using CMMS software modules,
while other data was obtained from existing gauges on the facilities or through time
measurements. Additionally, some data was sourced from the annual reports of
Golghar Kerman Company.

Researchers are employing multiple decision-making methods to compare results
and integrate them into a final ranking in their research. They are also exploring
various traditional and modern methods for ranking in multi-criteria decision-
making.

Results and Discussion

Based on the results obtained from various methods, it is evident that the TOPSIS
and EDAS methods yield similar results. Additionally, the AHP method aligns with
the two aforementioned methods in selecting the best power plant, differing only in
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the other two priorities. Furthermore, in the MAUT method, the third priority is akin
to the two aforementioned methods, while the first and second priorities differ.

As the rankings of power plants using different methods produced different
results, to achieve a consensus and establish a final ranking, the results were
integrated using the Copeland method. The merged result indicates that the
Samangan power plant has the highest priority, followed by the Kohnuj power plant
in second place and the Gohran power plant in third place.

Conclusion

An unprecedented increase in electricity consumption in the country, both in the
domestic and industrial sectors, has led to urban outages and created problems for
the manufacturing and industrial sectors. One of the ways to stabilize the power
supply of industries, especially steel factories, which are a strategic part of the
country's industry, is to establish power plants and use the dedicated capacity of
power plants without depending on the country's national electricity network.

In this research, we aim to determine the best power plant to provide reliable
electricity for Golghar steel factories by relying on four multi-criteria decision-
making methods. We first identified the indicators and criteria influencing the
selection of the best power plant with the participation of industry experts. Then, we
extracted the required data quantitatively and qualitatively from the body of experts
and information systems available at Golgohar Company.

Next, we calculated the weights of the criteria using two methods pairwise
comparison matrix and Shannon Entropy method. Finally, we ranked the power
plants using four multi-criteria decision-making methods including AHP, MAUT,
TOPSIS, and EDAS methods. After integrating the results via the Copland method,
the Samangan power plant was identified as the best power plant, and the Goharan
and the Kohnuj power plants were ranked second and third.

For the development of this research, it is suggested to add other decision-
making indicators to the problem in addition to the key performance indicators in
the field of maintenance planning. The use of new decision-making methods such as
the best-worst (BWM) method or the use of other integration methods in the final
ranking of options can be another way to develop this research. Also, considering
some parameters of the problem as fuzzy variables with uncertainty and using fuzzy
versions of multi-criteria decision-making methods are among other suggestions for
development.

Keywords: Maintenance, Reliability, Multi-Criteria Decision Making,
SWOT matrix

JEL Classification: D91, L42 , L94
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1. Fuzzy Analytic Hierarchy Process (FAHP)
2. Analytic Hierarchy Process (AHP)
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1. Analytic Hierarchy Process (AHP)
2. Garg et al.

3. Atmaca and Basar

4. Analytic Network process (ANP)
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. Zare et al.

. Fuzzy Technique for Order of Preference by Similarity to Ideal Solution (FTOPSIS)
. Rakesh Kumar

. Master fuel tripping

. Taylan et al.

. Fuzzy VIKOR

. Buket et al.

. Evaluation based on Distance from Average Solution (EDAS)
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2. Mean Time Between Failure (MTBF)
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1. Mean Time to Failure (MTTF)
2. Mean Time to Repair (MTTR)

3. Mean Time Wait Repair (MTWR)

4. MTBF
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1. Analytical Hierarchy process (AHP)

2. Multi-Attribute Utility Theory (MAUT)

3. Evaluation based on Distance from Average Solution (EDAS)
4. Exprt Choice Software
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1. Eigen Value
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1. Multi-Attribute Utility Theory (MAUT)
2. Evaluation based on Distance from Average Solution (EDAS)
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1. Multi-Attribute Utility Theory (MAUT)
2. Feature Scaling
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1. Multi-Attribute Decision Making (MADM)
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1. Evaluation based on Distance from Average Solution (EDAS)
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1. Evaluation based on Distance from Average Solution (EDAS)
2. Analytical Hierarchy process (AHP)

3. Multi-Attribute Utility Theory (MAUT)



Sl a1 2l A S A

VEF Olsli | 80 oylead [ VF Jlu | 01 550 slad) anluingsy | 1+ F

ilee gla g, il anslie Y Jse

/O

D

o
e
o/ oo

e e s o

e

St a2

ok slaasl i

J

Ty¥ s

Gl osy 3l ealizul b el s 5 (cduas, j Jol> gla s 5 Soslis 4 x5 L

3ozl b ol plesl anlsl 53 ¢ gl ozl plasl 5 b plal kit 4 ks
4§ C;.w‘ U‘-’-‘ QMJQLL; cL&J‘ 4>r.;.:.’ CM‘ ou\.ir rbu‘ (\?) J)u\> é:\.hﬂ c.x.l.ilf uj:})
AT 03 5 254 o8 5,5 ST Jlm ea)ls 13 a bl VL 5o 0Ban o8

S o N s 5 p 3o slaas) 5301 a8 o8 5

.L.:SLS&})J‘ a}l.a:.w‘bu;:j))l@;; rl&)‘)' J..pl:-d.z:.b\-\ d}..\?

B FEURTS TP B T 2 oy oy o850 X
sl . , " AL S,
EKCH a5, s O, O
Jl Y Y | ) . O o8 50
P ¢ . . . . Qlﬂf "@Jf”
P . | 0 ) ' T By
= = = \ Y 0 oS3 &)w

o slaasl S

S oblgds 5 g5 ms
(e i 53 b 5 (NI i 55 b 535S 3 able o 5 sba G O e 1)
0350 (o 5 Sy S ln S bl s s ed oS, sl alS 4 e



Ve | 01y5an 5 b5 | e 1,68 US 3L0Y b Solowls 48 6l G oS B 5 Olisolol B ol

S eV Sl )8 035 4 wlo G p ol 53 O sleul glaely 1 S Lol
ol b bl eslizal 5 o€ 55 el 5SS g3 aly s
el 5538 Gy (6 e o S g (Sl g 09k Lol 5

Dl )1 gl Olabl BB G cal g o855 o e SRR 02l 2
ol 3,8 s Ly osbmedinr (6,8 wmnal s Ller 2 A LS S8 lesY
CS ol b o0 i, ol s IS 5T Glajlas 5 i esla lunl sk
3 S 5 oS Do 4 5L 3 sm Slaesls ey (lf 23 5 0dkd pluld Cais OF 5
e b gl il g8 S8 S 53 s Sl saslle 5 s sy
Ll 53 5 LS als O 9L0 9 (g5 amslie w Sle gy 93 Sl eslatal L lajles O
Jdos ey Jold o jlneki dffv*“@’ oo ol S eslimal b ey 8 sauas,
S abols bl p (b5 B35 5 el ¢ aas i Cosllae 4 5 el
b e Jo 1 ol gl plesl 1 e clgsl 53 235 S i el oSk
5 b Latie o8 50 s Olgea 0w o 50 S de latsy I eslizl
i3S S 1y g 5 33 Sty 2545 5 OIS (slaol s

2038 (6553 65 s Sla el 35 o 3l (05 nl ane 5 ST
e3litl 3 45 035 3 dlis 4 Sl rond 5 (610K 0 g 3 3 Shas (SIS (sla st L
2l VS U TN - e e A S e e Gl s
S5 ) s e B3 L5 e b B g sass 53 plesl sl
Sols 5 536 (sla ke Ol gioy als (la il (S 35 5 55 cpomen LEL
S35l 55 sk (68 el (Sl Jhs5 (536 Slaabens Sl eslizal 5 okl pute

Bl L2l Y
()L,\J ét.a ool

1. Analytical Hierarchy process (AHP)

2. Multi-Attribute Utility Theory (MAUT)

3. Evaluation based on Distance from Average Solution (EDAS)
4. Best-Worst Method (BWM)
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Abstract

Currently, about 80 percent of the global energy production relies on fossil
fuels, a consequence of which is the substantial emission of environmental
pollutants. Given that economic growth in Iran is predominantly driven by the
utilization of fossil fuels, this study aims to examine the relationship between
Iran's Gross Domestic product (GDP) and total energy demand through the
framework of the Environmental Kuznets Curve. The study first addresses key
issues concerning pollution and energy consumption before delving into
sustainable development and the Environmental Kuznets Curve. The empirical
model in this study consists of two parts: first, the Autoregressive Distributed
Lag (ARDL) model, selected as the methodological approach, is estimated
following stationarity testing; second, dynamic systems are employed to
implement the model over the period spanning 2000 to 2046 (1379-1425 in the
Persian Calendar). The findings reveal that Iran is in the first stage of the
Environmental Kuznets Curve, with 59% of energy demand variations
attributable to changes in GDP. Accordingly, a policy recommendation
warranting consideration within this paper is encouraging energy consumers to
adopt more efficient energy systems to enhance energy productivity and invest
in renewable energy sources. This strategy could foster economic growth on
the one hand, and facilitate a transition beyond the initial stage of the
Environmental Kuznets Curve on the other.
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Introduction

Human life on Earth has always been tied to the environment and its physical
surroundings. However, with the ever-growing global population, the interaction
between humans and the environment has taken on complex and far-reaching
dimensions, giving rise to numerous ecological challenges. The increase in
carbon dioxide levels in the atmosphere has caused a major environmental crisis,
including environmental degradation, glacial melting, and global warming.
Notably, Iran ranks among the world’s top CO- emitters, surpassing all regional
counterparts with 745 million tons of CO: emissions annually—placing it just
behind Japan and Germany globally. Saudi Arabia follows as the second-largest
regional emitter, releasing 497.25 million tons.

Beyond its high CO: emissions and energy intensity, Iran has faced chronic
water scarcity for decades. Escalating water shortages, depleting groundwater
reserves, air pollution, and a temperature rise of 0.41°C per decade—coupled
with significant annual fluctuations—highlight the country’s deepening
environmental crisis. Additionally, the sharp decline in potable water supplies
and the loss of biodiversity underscore the severe ecological degradation Iran
has experienced over the past forty years.

Ultimately, necessary measures must be taken to prevent environmental
degradation. Rather than viewing ecological restoration as a financial burden, it
should be recognized as a strategic investment—one that fosters economic
activity and generates employment opportunities. Accordingly, the present
study, with the aim of clarifying the relationship between Iran's GDP and total
energy demand using the Environmental Kuznets Curve framework, attempts to
determine Iran’s current position on the curve and identify actionable policies to
curb further environmental deterioration.

Methods and Material

The empirical model in this study is implemented through a two-stage
methodology. In the first stage, we conduct a comprehensive analysis of the
selected variables and estimate their regression relationships. Based on these
results and system dynamics principles, a state-flow diagram is developed to
evaluate various scenarios. Utilizing data from the World Bank, the Central
Bank of Iran, and the national energy balance, we perform stationarity tests
within the Kuznets curve framework to examine the dynamic relationship
between Iran's GDP and total energy demand. Our results indicate that the
ARDL (Autoregressive Distributed Lag) model represents the optimal
estimation method for the period spanning 2000 to 2020 (1379-1399 in the
Persian calendar). In the second stage, a dynamic system model is created using
the initial regression results. Figure 1 illustrates the causal loop diagram based
on this approach. Unlike static analysis that examines causal relationships at a
single point in time, dynamic analysis explicitly incorporates time as a critical
factor, focusing on underlying trends rather than isolated events. Our
methodology emphasizes this dynamic perspective, enabling us to capture the
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evolving nature of the economic-energy-environment system and its behavioral
patterns over time.

Results and Discussion

The model implementation yields the outputs presented in Figure 1,
demonstrating close alignment between the estimated trends and actual observed
data. This suggests that the model exhibits satisfactory validity, as evidenced by
its capacity to reproduce behavior through the comparison of extant historical
data with the simulated trends generated by the model. Subsequently, the
empirical model proceeds with scenario development and the implementation of
economic policies to analyze the repercussions of economic growth on
aggregate energy consumption.

In this study, two scenarios with 5% and 7% economic growth are
considered. The results for each scenario are shown in Figure 2. Naturally,
higher economic growth in each scenario leads to an increase in energy
demand.

Figure 1 Initial model results before running scenarios
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Figure 2 Results from applying scenarios
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The findings of this study, derived from ARDL estimation and dynamic
system modeling within the Environmental Kuznets Curve framework, reveal
that 99% of the changes in energy consumption are explained by the model's
selected variables. Of these, about 60% is attributed to GDP based on the
empirical model, cause-and-effect and state-flow diagrams, and two growth
scenarios (5% and 7%). The results indicate:

- A positive relationship between GDP and energy consumption, meaning
that as GDP increases, total energy consumption also rises.

- Iran is in the first stage of the Environmental Kuznets curve, where GDP
growth leads to higher energy consumption and pollution, due to the country's
reliance on fossil fuels.

Conclusion

The results derived from the empirical model in both the first and second stages
indicate that Iran is situated in the initial phase of the Environmental Kuznets
Curve (EKC). This implies that an increase in Iran's Gross Domestic Product
(GDP) is accompanied by a rise in the nation's energy consumption.
Furthermore, given the country's reliance on fossil fuels, it is anticipated that
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pollution levels will concurrently increase with energy consumption.
Acknowledging the influence of other determinants on energy demand, this
study suggests that future research should consider the impact of variables such
as temperature, climatic conditions, and the type and number of vehicles.
Incorporating these variables into the dynamic modeling stage could allow for
the inclusion of additional causal feedback loops and the observation of their
effects within the model. Based on the findings of this research, a policy
recommendation warranting consideration is the incentivization of energy
consumers to adopt more efficient energy systems for energy demand
management and enhanced energy productivity, alongside investment in
renewable energy systems (such as the construction of solar panels). Moreover,
attention should be directed towards the 17 Sustainable Development Goals
(SDGs), particularly the realization of Goals 11 (Sustainable Cities and
Communities), 7 (Affordable and Clean Energy), and 13 (Climate Action), such
as carbon reduction. This approach has the potential to simultaneously foster
economic growth and development and facilitate a transition from the initial
phase of the Environmental Kuznets Curve.

Keywords: CO, Emission, Dynamic Systems, Economic Growth,
Energy Transition.

JEL Classification: 010, Q01 , Q40, Q4
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Variable Coefficient Std. Error t-Statistic Prob.*
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LAE -4.565995 0.333294 -13.69961 0.0000

C -1130.209 100.2287 -11.27630 0.0000
R-squared 0.994216
Adjusted R-squared 0.989010
F-statistic 190.9794
Prob(F-statistic) 0.000000
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Abstract

In the process of globalization, the interdependence between countries increases, and
changes in economic policies introduce uncertainty shocks to both domestic and
foreign economies. In oil-dependent countries, fluctuations in global oil prices
significantly impact income and Gross Domestic Product (GDP). This study
examines the impact of uncertainty in global economic policies and oil prices on
Irag's economic growth from 2008 to 2022. The research employs the nonlinear
Autoregressive Distributed Lag (NARDL) econometric model. The results indicate
that an increase in the uncertainty of global economic policies leads to a decrease in
Irag's economic growth in the short term, with this effect persisting in the long term.
Conversely, a reduction in the uncertainty of global economic policies leads to an
increase in Iraq's economic growth over both timeframes. Regarding oil prices, a
reduction in uncertainty in the short term (at the first lag) fosters economic growth;
however, at the second lag, it has a negative impact. In the long term, a decrease in
oil price uncertainty contributes to an increase in economic growth. An increase in
oil price uncertainty does not significantly affect economic growth in the short term;
however, in the long term, it leads to a decline in Irag's economic growth. These
findings highlight the asymmetry in the effects of economic policies and oil prices
on Iraq’s economic growth.

Introduction

In the theoretical literature, the effects of uncertainties (EPG) on economic growth
within the scope of real options, growth options, and risk-aversion theories are
interpreted based on consumption, investment (employment), and risk premium
channels. These three fundamental theories are shaped by the behavior of economic
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agents. While real options and risk-aversion represent channels that negatively
impact economic growth, growth options represent channels that positively affect
economic growth (Bloom, 2014).

Through the real options channel, the negative effects of uncertainties on
economic growth occur when economic agents postpone consumption and
investment (employment) decisions. During periods of increased uncertainty, the
household sector's aggregate demand decreases due to the desire to increase savings
and delay consumption decisions motivated by "precaution,” while the business
sector becomes unwilling to make new investments and delays hiring decisions
based on the "wait and see" approach. This, in turn, postpones investment and hiring
decisions, reducing aggregate supply, which negatively impacts economic growth
(Haddow et al., 2013).

Through the risk-aversion channel, the negative effects of uncertainties on
economic growth materialize when economic agents delay investment and
employment decisions and also increase the risk premium in search of higher
returns. During periods of increased uncertainty, the rising costs of debt due to
higher risk premiums limit the business sector's access to financial resources and
reduce the willingness to accept business risks. This, in turn, increases opportunities,
decreases aggregate supply, and consequently negatively affects economic growth
(Gilchrist et al., 2014).

However, in certain situations, uncertainties can increase the potential return on
investments and have a positive impact on economic growth. Since economic agents
consider the worst-case scenario when evaluating both current and future returns on
investments, uncertainty drives investment decisions forward. This is because future
returns are more likely to decrease during periods of uncertainty. As this relative
increase in current returns occurs, it encourages investment (employment) decisions
and positively impacts economic growth by increasing aggregate supply (Bianchi et
al., 2017).

Methods and Material

The research method is of a causal correlation type, based on time series data
analysis. The aim of this study is to present a macroeconomic model considering the
conditions of Iraq. The research data were collected through library-based and
documentary methods from the World Bank database, the Federal Reserve Bank of
St. Louis, and the Economic Policy Uncertainty website, covering the period from
2008 to 2022 for Irag. Since macroeconomic indicators for Iraq are only available
annually on the World Bank website, and to avoid the issue of inadequate degrees of
freedom in model estimation, all data were converted into monthly data using the
Chow and Lin method with the EViews software. Following the studies by
Greenwood-Nimmo and Shin (2013) and Ogboabor et al. (2023), the research model
was estimated using the Nonlinear (Asymmetric) Autoregressive Distributed Lag
(NARDL) model.

Results and Discussion
The results indicate that an increase in global economic policy uncertainty reduces
Irag's economic growth in the short term, and this effect persists in the long term.
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Additionally, a reduction in global economic policy uncertainty leads to an increase
in Irag's economic growth in both time periods. Regarding oil prices, a reduction in
oil price uncertainty in the short term (at the first lag) increases economic growth,
but at the second lag, it has a negative effect. In the long term, a reduction in oil
price uncertainty leads to an increase in economic growth. An increase in oil price
uncertainty has no significant effect on economic growth in the short term, but in the
long term, it leads to a reduction in Irag's economic growth. These results point to
asymmetry in the impacts of economic policies and oil prices on Irag's economic
growth.

Conclusion

Based on the short-term and long-term results of the estimated model, an increase in
global economic policy uncertainty leads to a reduction in Irag's economic growth in
the short term, and in the long term, an increase in global economic policy
uncertainty continues to reduce Irag's economic growth. This indicates symmetry in
the effect of increasing global economic policy uncertainty in Irag. On the other
hand, a reduction in global economic policy uncertainty decreases Iraq's economic
growth in the short term, while in the long term, it increases Irag's economic growth.
This suggests asymmetry in the reduction of global economic policy uncertainty in
Irag. Therefore, the first hypothesis related to the asymmetric effect of reducing
global economic policy uncertainty is confirmed, while the hypothesis regarding the
increase in global economic policy uncertainty is not confirmed.

The results of the first hypothesis regarding the reduction of global economic
policy uncertainty are consistent with the studies by Imre and Losta (2020) and
Nasir and Al-Khasouna (2023), but not with the research by Kamali Dehkordi et al.
(2020). Furthermore, based on the short-term and long-term model estimates, the
reduction in global oil price uncertainty in the short term increases economic growth
at the first lag, but reduces it at the second lag. In the long term, the reduction in
global oil price uncertainty leads to increased economic growth, indicating
asymmetry at the second lag of oil price uncertainty in the short term. An increase in
global oil price uncertainty in the short term reduces economic growth, and in the
long term, it continues to reduce Irag's economic growth. This suggests symmetry in
the effect of increasing global oil price uncertainty in both the short and long term.
Based on these results, the second hypothesis regarding the reduction of global oil
price uncertainty is confirmed. These findings align with the research by Hassan et
al. (2024), Oghoabor et al. (2023), and Syed et al. (2021).
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Abstract

The industrial sector, especially energy-intensive industries, is considered one of the
most important polluting sectors. Given that the industrial sector itself includes
several production sub-sectors and the pollution caused by them is different, first the
amount of carbon dioxide emissions at the level of all two-digit ASIC codes during
the years 2004-2022 has been estimated. Then, the industry that emitted the highest
amount of carbon dioxide (the industry producing non-metallic mineral products)
was considered as a polluting industry, and the factors affecting the carbon dioxide
emissions of that industry were identified. The results of the present study, using
Residual Bootstrap regression estimation during the period under study, show that
the amount of carbon dioxide emissions emitted by the non-metallic mineral
industry is a positive function of the amount of energy carrier consumed, physical
capital intensity, and human capital intensity, and a negative function of the intensity
of human resource skills, industry capital expenditures, and research & development
expenditures..

Introduction

In recent decades, environmental pollution, especially air pollution, has become one
of the most important concerns of international societies and has affected the health
of living organisms and natural ecosystems.The industrial sector, especially the
energy-intensive industries, has played a significant role in causing pollution,
especially air pollution, due to the high use of fossil fuels. The energy sector, despite
playing an essential role in the process of economic development, also causes the
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release of various environmental pollutants. Due to the importance and special
position of the industrial sector in developing countries including Iran, energy
consumption in the industrial sector has increased.

Considering that the industry sector itself includes several production sub-sectors
and the pollution caused by them is different, first, the amount of carbon dioxide
emissions at the level of all the two-digit ISIC' codes during the years 2004-2022

was estimated. Then, the industry that emits the highest amount of carbon dioxide is
considered as a polluting industry, and the factors affecting the air pollution of that
industry will be identified.

Methods and Material

Considering that each of these 24 industries consumes six types of energy carriers in
the studied 18-year period, the amount of carbon dioxide emissions of each of these
six types of energy carriers should be calculated first. Calculation of the total carbon
dioxide emissions is necessary to obtain the total amount of carbon dioxide
emissions for each of these 24 industries in the studied time period. Due to the fact
that the information about the carbon dioxide emission coefficient of each energy
carrier by industry type is not available, it is necessary to estimate the carbon
dioxide emission coefficient of each energy carrier in the industry sector on an
annual basis, and then the obtained numbers are considered as carbon dioxide
emission coefficients for all the industries of ISIC codes of two digits. To calculate
the carbon dioxide emission coefficient in the entire industry sector for each type of
energy carrier, the amount of carbon dioxide emission of that type of energy carrier
in the entire industry sector should be divided by the amount of consumption of that
type of energy carrier in the entire industry sector. Since the consumption amount of
each energy carrier in the industry sector has different units, first of all, it is
necessary to multiply the amount of each energy carrier consumed by the thermal
value' coefficient of that energy carrier to obtain the same unit called BTU" for all

Different energy carriers are obtained and by adding them, the total amount of
energy consumed is obtained in terms of BTU units. To calculate the amount of
carbon dioxide emissions released by each industry with a two-digit ISIC code each
year, it is necessary to calculate the amount of energy consumed in terms of BTU
units for each of the energy carriers in the amount of carbon dioxide emissions from
the production of one million BTU of energy, multiplied by each of the energy
carriers in the corresponding year and then calculating the total carbon dioxide
emitted by each industry in each year. According to the calculations of the authors,
the production industry of non-metallic mineral products has been found to be the
most polluting industry during the study period. In order to estimate the relationship
between industrial activities and pollution emission, Cole, Elliot and Shimamoto

1. The International Standard Industrial Classification of All Economic Activities (ISIC) is
the international reference classification of productive activities.

2. The thermal value of a fuel is the amount of heat released when a unit mass of fuel is
completely burned.

3. A BTU is the amount of heat required to raise the temperature of one pound of water by
one degree Fahrenheit.
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(2004) model has been used with some adjustments. Due to the limitation of
statistical data in the industry sector in Iran, the time period of the current research is
considered from 2004 to 2022'. Because the mentioned time period is short, the

Residual Bootstrap method was used to estimate the regression.

Results and Discussion

The industry of producing non-metallic mineral products accounted for an average
of 30.72% of the total pollution caused by the industry during the period under
review. Carbon dioxide emissions have been calculated for all industries at the two-
digit ISIC code level during the years 2004-2022. Since, based on the calculations of
the research, the production industry of non-metallic mineral products has been
found to be the most polluting industry. The present study has determined the factors
affecting the air pollution caused by the production industry of non-metallic mineral
products. The results of the this research using Residual Bootstrap regression
estimation during the years 2004-2022 show that the amount of carbon dioxide
emitted by the industry of producing non-metallic mineral products is a positive
function of the amount of energy used, physical capital intensity and human capital
intensity and is a negative function of human skill intensity, industry capital costs
and research and development costs.

Conclusion

As the amount of carbon dioxide emitted by the industry of producing non-metallic
mineral products is a positive function of the amount of energy used, physical
capital intensity and human capital intensity and it is a negative function of human
skill intensity, industry capital costs and research and development costs, it is
beneficial to help reduce carbon dioxide emissions in the industry of producing non-
metallic mineral products through the application of policies to optimize energy
consumption, improving technology, upgrade the human skills and increase research
and development expenses.

Keywords: Non-Metallic Mineral Products Industry, Carbon Dioxide
Emissions, Energy Consumption, Residual Bootstrap

JEL Classification: Q30, Q40, Q53, L61

1. The year 2022 is the last year of existence of data.
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