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Transition from Extractive to Inclusive Institutions in
Iran’s Upstream Oil Sector: A Strategy for Making Oil
Productive

The student of Ph.D., Oil and Gas
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University, Tehran, Iran.

Full Professor, Economics Dept., Faculty
of Economic Planning and Development,
Allameh Tabataba'i University, Tehran,
Iran.

Farshad Momeni

Abstract

This study investigates the institutional deficiencies and structural
constraints in Iran’s upstream oil sector through the lens of New Institutional
Economics. By integrating the theoretical insights of Williamson, Ostrom,
North, and Andrews, the research aims to design a comprehensive analytical
framework for reforming the governance and decision-making system in this
sector. The study highlights how the persistence of rentier behavior,
institutional inefficiency, and overlapping functions between the Ministry of
Petroleum and the National Iranian Oil Company (NIOC) have hindered the
formation of effective and transparent governance structures.

Introduction

The global literature on the resource curse emphasizes that the negative
outcomes of natural resource extraction are mainly due to weak institutions
and rent-seeking behavior among policymakers. In the Iranian context, the
dependence on oil rents and the absence of clear institutional boundaries
between state and corporate entities have perpetuated inefficiencies and
discouraged technological upgrading. Despite several attempts at
nationalization and reform, the governance of Iran’s upstream oil sector has
remained fragmented and resistant to change. This study seeks to identify the
institutional mechanisms that can enable gradual, problem-driven reform in
line with national development goals.
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Methods

Given the interpretive paradigm of the research, a qualitative methodology
was adopted, combining content analysis and historical institutional analysis.
The study analyzed upstream legal and policy documents—including oil laws,
NIOC statutes, concession agreements, and ministry decrees—alongside
semi-structured interviews conducted through a snowball sampling technique
with experienced oil-sector experts. Thematic analysis was conducted based
on the Attride-Stirling (2001) model, classifying codes into basic, organizing,
and global themes to construct a network of institutional meanings and
constraints.

Results and Discussion

Findings reveal that the upstream oil governance in Iran operates within a
limited access order, as defined by North et al. (2009). The rentier nature of
the state has produced a political-institutional equilibrium that discourages
transparency, technological learning, and autonomous decision-making. The
overlapping authority between the Ministry of Petroleum and NIOC has led
to policy incoherence and managerial inefficiency. Analysis of policy
documents indicates the absence of explicit goals for the internationalization
of NIOC and insufficient legal emphasis on technology transfer and capacity
building. Comparative evidence from countries such as Norway and Malaysia
shows that successful national oil companies achieved international
competitiveness through coherent state alignment, institutional reform, and
structured capability enhancement.

Conclusion

The study concludes that institutional reform in Iran’s upstream oil sector
requires a gradual, problem-driven, and capability-oriented approach. Three
key mechanisms are identified for enabling sustainable reform:

1. Raising the cost of resistance to change through transparency and
accountability.

2. Delivering tangible and incremental benefits from reform to key
stakeholders.

3. Engaging constructively with actors inside the dominant coalition to build
internal consensus.

By pursuing these mechanisms, the governance system can move toward a
more inclusive and efficient institutional order, enabling the NIOC to evolve
into a technically and managerially competitive national-international
company.
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Abstract

The current research seeks to investigate the effects of fintech and the quality of
governance on the transition of green energy in the Group of 7 (G7) countries in
the annual period from 2000 to 2021, with the help of panel quantile regression.
The experimental results confirm that the fintech index (FIN) positively and
significantly affects the logarithm of transition to green energy in all deciles. Also,
the quality of governance (GOV) in all deciles positively affects the logarithm of
the transition to green energy, and the first, eighth, and ninth deciles have
statistical significance. The logarithm of urbanization (LURB) negatively and
significantly affects the logarithm of transition to green energy in all deciles. The
logarithm of foreign direct investment (LFDI) up to the fifth decile has a negative
effect on the logarithm of transition to green energy, and only the first and second
deciles have statistical significance. The logarithm of gross domestic product per
capita (LGDP) in all deciles has a positive effect on the logarithm of transition to
green energy, and except for the sixth, eighth, and ninth deciles, the rest have
statistical significance. Also, the variables of urbanization, foreign direct
investment, and GDP per capita (through increasing demand for fintech services
due to the increase in the population of cities and economic growth and helping
to develop fintech infrastructure by attracting foreign investment) have a positive
relationship with fintech indicators and the quality of governance.
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Introduction

Climate change is a critical global challenge driven by increasing greenhouse gas
emissions from human activities. Its effects include shrinking polar ice caps, shifts
in plant and animal geographic ranges, and rising sea levels (NASA, 2023). These
changes pose significant risks to both ecosystems and human societies, largely
due to the rising levels of carbon dioxide emissions. In response, the United
Nations introduced the 2030 Agenda for Sustainable Development in September
2015, which includes 17 Sustainable Development Goals (SDGs). Among these
goals, particular emphasis is placed on reducing greenhouse gas emissions and
promoting the production and consumption of renewable energy.

The transition to clean and sustainable energy sources, often referred to as the
"energy transition," is one of the most pressing challenges of the 21st century.
This shift is crucial for mitigating global warming, preserving the environment,
and ensuring a sustainable future for generations to come. The energy transition
entails moving away from high-carbon, non-renewable energy sources and
towards efficient, low-carbon, and renewable alternatives. It also involves
advancements in energy efficiency and consumption management (Ullah et al.,
2023).

However, one of the most significant challenges in achieving a green energy
transition is the provision of necessary infrastructure and investment. Financial
barriers, including credit constraints, high startup costs, the need for advanced
infrastructure, and high operating expenses, make this transition complex (Irfan
et al., 2023). Financial development plays a critical role in overcoming these
barriers, primarily by stimulating economic growth (Majeed & Hussain, 2022;
Muhammad et al., 2022). A key component of financial development is financial
technology (FinTech), which can facilitate the green energy transition by
providing innovative financial solutions. The adoption of FinTech enables more
efficient financial services, reduces transaction costs, and enhances the
accessibility of funds for renewable energy projects (Teng & Shen, 2023). This
study seeks to answer the following key question: Can the development of
FinTech accelerate the transition to green energy?

In addition to FinTech, governance quality plays a vital role in the green
energy transition. Governments can encourage clean energy adoption by
implementing incentives, enforcing penalties on high-carbon energy producers,
and ensuring the necessary infrastructure is in place. Effective governance can
streamline the transition by reducing bureaucratic complexities and fostering a
conducive regulatory environment (Fouquet & Pearson, 2012). A well-
functioning government can also combat corruption, enhance institutional quality,
and create stable political conditions that facilitate investment in renewable
energy (Hao, 2023). Therefore, this study also investigates: Can good governance
accelerate the transition to green energy?

This research examines the impact of FinTech and governance quality on the
green energy transition in G7 countries from 2000 to 2021 using quantile panel
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regression. A review of the existing literature suggests that no prior study has
directly addressed this research objective, making this study a novel contribution
in terms of subject matter, study population, and methodology.

Methods and Material

Quantile regression is an econometric technique used when linear regression
assumptions are not met. Unlike ordinary least squares (OLS), which estimates
the conditional mean of the dependent variable, quantile regression estimates
conditional quantiles, making it more robust to outliers and non-normal data
distributions (Cook & Manning, 2013; Koenker, 2005). Based on theoretical and
empirical foundations, including studies by Xu et al. (2023), this study employs a
guantile panel regression model specified as follows:

(M ETy = f (FINy, GOVy, URBy¢, FDI;, GDPy ), Uy

Where:
ET;; represents the dependent variable (green energy transition)
FIN;; denotes the independent variable (FinTech index)
GOV, represents the independent variable (governance index)
URB;; is the control variable (urbanization)
FDI;; is the control variable (foreign direct investment)
GDP;; is the control variable (gross domestic product per capita)
Uj; is the error term.

Results and Discussion
The findings indicate that the FinTech Index (FIN) has a positive and significant
effect on the green energy transition across all quantiles. This aligns with Arner
et al. (2020), who suggested that FinTech enhances financial and regulatory
systems, thereby promoting the adoption of green technologies (Muhammad et
al., 2022; Tao et al., 2022).

The Governance Quality Index (GOV) also positively influences the green
energy transition, supporting previous research by Edomah (2021), Hao (2023),
and Xu et al. (2023), which highlighted the role of governance in fostering
renewable energy adoption.

Urbanization (LURB) exhibits a significant negative effect on the green
energy transition. Higher urbanization rates are associated with increased energy
demand, often met by conventional rather than renewable energy sources (Xu et
al., 2023; Majeed & Hussain, 2022).

Foreign direct investment (LFDI) negatively impacts the green energy
transition up to the fifth quantile, consistent with Xu et al. (2023), who found that
FDI inflows are often directed towards non-renewable energy projects.

Economic growth, represented by per capita GDP (LGDP), positively
contributes to the transition to green energy in all quantiles. This finding aligns
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with prior studies indicating that economic growth fosters renewable energy
investments (Al-Mulali et al., 2013; Apergis et al., 2010; Ergun etal., 2019; Tugcu
etal., 2012; Omri et al., 2012).

Conclusion

The aim of this study was to examine the effects of FinTech and governance
quality on the transition to green energy in G7 countries over the annual period
2000 to 2021, using the quantile panel regression method. Therefore, by
estimating the quantile panel regression, the direct effect of the main and control
variables on the transition to green energy was examined.

The FinTech Index (FIN) can lead to the provision of innovative financial
services such as green loans, and it can also help develop green energy
technologies in these countries by providing innovative platforms such as green
energy trading markets. The Good Governance Index (GOV) can take an
important step in the transition to green energy by increasing government
accountability on green energy policies, establishing mechanisms for public
participation in green energy decision-making, strengthening regulatory
institutions to fight corruption in the energy sector, and creating laws and
regulations to support investment in green energy projects. The Logarithm of
Urbanization (LURB) helps the transition to green energy by creating financial
incentives for the use of sustainable transportation, creating laws and regulations
to reduce energy consumption, and increasing public awareness about the benefits
of using renewable energy. The logarithm of foreign direct investment (LFDI)
helps in the transition to green energy by providing financial incentives to attract
foreign investment in green energy and strengthening domestic capabilities in the
development and transfer of green energy technologies. The logarithm of gross
domestic product (LGDP) per capita can play an important role in the transition
to green energy by providing financial incentives to invest in green energy
projects and creating the necessary infrastructure for the development of
renewable energy.

Therefore, in general, considering the above results, it can be acknowledged
that FinTech and governance quality in the G7 countries are very important
variables for the transition to green energy. In fact, although FinTech and
governance quality are two seemingly separate areas, considering previous
studies, it can be concluded that there is a two-way relationship between the two
variables of FinTech and governance quality that can play an important role in the
transition to green energy, in other words; FinTech can increase transparency and
accountability of the government in the energy supply chain by using blockchain
technologies. Also, the integration of FinTech solutions in energy transition can
help governments accelerate the transition to sustainable and renewable energy
systems and at the same time provide new opportunities for investors to invest in
sustainable projects. On the other hand, the government can invest in green
financing to facilitate the FinTech industry. Thus, the results obtained in this study
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highlight the need for greater attention to FinTech issues and improving
governance in economic policymaking.
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Abstract
Renewable energy has been widely recognized as a key instrument for
achieving sustainable growth and mitigating climate change impacts;
however, in developing countries the direction of the relationship between
renewable energy consumption and economic growth/performance has
remained unclear. This study has examined whether Granger causality exists
between renewable energy consumption and GDP growth in 26 developing
countries over 1990-2020, and whether this relationship has exhibited
asymmetric behavior in response to positive and negative shocks.

To test symmetric causality, the bootstrap panel Granger causality
approach of Koénya (2006) has been employed within a seemingly unrelated
regression (SUR) framework, using country-specific bootstrap critical values
to account for cross-sectional dependence and parameter heterogeneity. To
investigate asymmetric causality, positive and negative components of the
variables have been decomposed and causality tests have been conducted
separately for each component.

The results have indicated that the causality pattern has not been uniform
across countries. Bidirectional causality has been confirmed in some cases,
while unidirectional causality from renewable energy to GDP growth (or vice
versa) has been observed in others, and no significant relationship has been
found for a subset of countries. The asymmetric analysis has further shown
that the direction and/or significance of causality has differed between positive
and negative shocks. Accordingly, country-specific and business-cycle-
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sensitive policy design has been recommended: in countries where renewables
have acted as a driver of growth, strengthening investment support and
incentive schemes has been advised, whereas in countries where growth has
facilitated renewable expansion, improving the investment climate and
reducing institutional barriers has been suggested.

Introduction

Energy has remained a core input in the production process and a critical
determinant of welfare improvement and long-run economic growth (Solow,
1956). At the same time, the dominant reliance on fossil fuels has intensified
environmental pressures, particularly through greenhouse-gas emissions and
the associated risks of global warming and climate change. This tension
between growth and environmental quality has been widely discussed in the
growth-environment literature, including the Environmental Kuznets Curve
(EKC) perspective (Grossman & Krueger, 1995). In response, renewable
energy sources—such as solar, wind, geothermal, hydropower, and biomass—
have increasingly been promoted as cleaner substitutes in national energy
strategies and policy frameworks (Strunz et al., 2016).

Despite the policy momentum, empirical evidence on the renewable
energy consumption-economic growth nexus has remained mixed across
countries and samples. The literature has documented support for different
hypotheses (growth, conservation, feedback, or neutrality), indicating that the
direction of causality may be country-specific and sensitive to institutional
and structural conditions (Sadorsky, 2009; Apergis & Payne, 2014; Chang et
al., 2015; Inglesi-Lotz, 2016; Rahman & Velayutham, 2020). Moreover,
conventional symmetric approaches may overlook the possibility that positive
and negative shocks affect renewable energy deployment differently—
through investment constraints, financing conditions, and policy responses
across the business cycle—suggesting the relevance of asymmetric causality
frameworks (Granger & Yoon, 2002; Yilanci & Aydin, 2017). Accordingly,
this study has examined both symmetric and asymmetric Granger-causal
linkages between renewable energy consumption and GDP growth in 26
developing countries (including Iran) over 1990-2020, using data from the
World Bank and BP, and applying Kénya’s (2006) bootstrap panel causality
method within a SUR framework to account for cross-sectional dependence
and heterogeneity.

Methods and Material

This study has examined the symmetric and asymmetric Granger-causal
relationship between renewable energy consumption (REC) and economic
growth (EG) for a panel of 26 developing countries (including Iran) over the
annual period 1990-2020. The REC and EG series have been compiled from
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the World Bank and the BP Statistical Review to ensure cross-country
comparability and data consistency across the sample period.

Because panel members may be economically interconnected, the
empirical strategy has first assessed key data properties. Cross-sectional
dependence has been evaluated using the Breusch-Pagan LM test and the
Pesaran (2004) CD test, while slope heterogeneity has been examined via
the Pesaran and Yamagata (2008) slope homogeneity test. These diagnostics
have motivated the use of an approach that explicitly accommodates both
cross-sectional dependence and heterogeneity across countries.

For symmetric causality, the study has applied Konya’s (2006) bootstrap
panel Granger causality test, formulated as a system of seemingly unrelated
regressions (SUR) and implemented with country-specific bootstrap critical
values and Wald statistics, allowing causality inference at the country level
while exploiting contemporaneous correlations across equations. Lag length
has been selected using the Schwarz criterion with a maximum lag of 4,
following the paper’s stated lag-selection procedure.

For asymmetric causality, the analysis has followed the framework
motivated by Granger and Yoon (2002) and operationalized by Yilanci and
Aydin (2017), where each variable has been decomposed into positive and
negative shock components (cumulative sums) and causality tests have then
been conducted separately for these components. The asymmetric panel
causality testing has been implemented within the same SUR-bootstrap logic
(Konya-type structure) using country-specific bootstrap critical values,
consistent with the article’s methodological exposition.

Results and Discussion

Pre-estimation diagnostics have indicated that the sample has exhibited cross-
sectional dependence and slope heterogeneity. Specifically, the Breusch-
Pagan LM / Pesaran-adjusted LM and Pesaran CD tests have rejected the null
of cross-sectional independence, and the Pesaran-Yamagata tests have
rejected slope homogeneity, implying that countries have been interrelated
and the REC-EG linkage has not been identical across panel members. These
findings have supported the use of Konya’s (2006) country-specific bootstrap
causality framework rather than pooled/aggregate inference.

Using Koénya’s (2006) symmetric bootstrap panel Granger causality
approach, the causality pattern has been shown to be country-specific. The
conservation hypothesis (EG — REC) has been confirmed for Argentina,
Belarus, China, Egypt, Kazakhstan, and Uzbekistan; the growth hypothesis
(REC — EG) has been supported for Mexico and Vietnam; the feedback
hypothesis (bidirectional causality) has held for Algeria and India; and the
neutrality hypothesis has been supported for the remaining countries. Overall,
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these results have implied that a single “one-Size-fits-all” causal narrative has
not been reliable for the developing-country sample.

The asymmetric causality results—motivated by the argument that positive
and negative shocks may transmit differently (Granger & Yoon, 2002) and
operationalized through the Yilanci-Aydin (2017) framework—have further
refined the evidence. For positive components, the conservation hypothesis
has been confirmed for China, Indonesia, Kazakhstan, and Mexico, the growth
hypothesis for Peru and Ukraine, and the feedback hypothesis for Azerbaijan,
Egypt, India, Iran, Pakistan, Turkmenistan, and Uzbekistan, while neutrality
has remained for the rest of the sample. Notably, only Egypt and Kazakhstan
(conservation) and India (feedback) have remained fully consistent with the
symmetric results, indicating that ignoring shock asymmetry could have
altered country-level inference.

For negative components, the conservation hypothesis has been supported
for Belarus and Kazakhstan; the growth hypothesis for Azerbaijan,
Bangladesh, Brazil, China, India, Malaysia, Pakistan, Ukraine, and Vietnam;
and the feedback hypothesis for Ecuador, Egypt, Mexico, the Philippines,
South Africa, Thailand, and Turkey, with neutrality for the remaining
countries. The comparison with symmetric results has shown limited
alignment: conservation has stayed consistent only for Belarus and
Kazakhstan, growth only for Vietnam, and no country has preserved feedback
in a fully consistent way under negative shocks. This pattern has reinforced
the interpretation that downturn-type shocks and constraints on
finance/investment can reshape the REC-EG causal linkage in developing
economies.

From a discussion standpoint, the combined evidence has suggested that (i)
causality between renewables and growth has been heterogeneous across
developing countries and (ii) the direction and statistical strength of causality
have been sensitive to shock sign, which has been consistent with the broader
energy-growth literature reporting mixed hypotheses across contexts (Ozturk,
2010; Sadorsky, 2009; Chang et al., 2015; Inglesi-Lotz, 2016; Ozcan & Ozturk,
2019) and with studies emphasizing asymmetry in related settings (Aslan &
Ocal, 2016; Yilanci & Aydin, 2017). Consequently, policy interpretation has
been inherently country-specific and business-cycle-sensitive: where REC —
EG has held, scaling renewable investment and incentives has been more
directly growth-relevant; where EG — REC has held, macroeconomic
expansion and investment climate improvements have been more central to
renewable deployment; and where feedback has held, integrated packages
aligning growth and renewable policies have been warranted.
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Conclusion

This study has provided country-level evidence on the symmetric and
asymmetric Granger-causal nexus between renewable energy consumption
and GDP growth in 26 developing countries (including Iran) over 1990-2020
by applying Koénya’s (2006) bootstrap panel causality framework within a
SUR system and extending it to asymmetric settings via the decomposition of
positive and negative shocks. The findings have confirmed that the renewable
energy-growth relationship has not been uniform across developing
economies. Symmetric causality has supported the conservation, growth,
feedback, and neutrality hypotheses in different country groups rather than
delivering a single common pattern.

Importantly, the asymmetric analysis has shown that the direction and/or
statistical significance of causality has differed between positive and negative
components, implying that reliance on symmetric, aggregated inference could
have led to incomplete or even misleading conclusions for several countries.
Overall, the evidence has indicated that renewable energy policy design in
developing countries has benefited from a country-specific and business-
cycle-sensitive approach. Where renewables have acted as a driver of growth,
strengthening investment support and incentive schemes has been warranted.
Where growth has facilitated renewable expansion, improving the investment
climate and reducing institutional barriers has been more critical, and where
feedback effects have existed, coordinated strategies aligning renewable
deployment with broader growth policies have been required.

Keywords: Asymmetric Causality, Bootstrapping Causality,
Developing Countries, Economic Growth, Renewable Energy.
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Abstract

Statistical data modeling is one of the important topics that can be used to
provide a suitable model by using statistical distributions according to the
nature of the data. One of these statistical models for modeling time series
data is the ARFIMA model. Due to its structure, this model is widely used in
the analysis of economic, meteorological, geographic, oil and financial data.
This paper discusses time series models, including the ARFIMA model,
assuming that the error term is normally distributed. In using models for better
forecasting for the first time, while examining the behavior of long-term
models, the Bayesian approach and the use of appropriate prior distributions,
the model average and fractional difference are estimated by classical and
Bayesian methods. In the end, for the Iranian oil export data set, the goodness
of fit of the models with the Bayesian approach is compared using the RMSE,
Akaike information and Bayesian information criteria, and it is shown that the
prediction model based on the Bayesian approach performs better compared
to other models.

Introduction

Oil is one of the most valuable commaodities in the world, and any change in
its price can affect every level of economic ecosystems, from household
budgets to corporate revenues and even GDP. This chemical is the largest
contributor to the world's primary energy supply, followed by coal, gas,
renewable energy, and nuclear energy (Bhattacharya, 2019). Iran is currently
the third largest producer of crude oil in the world and is considered a global
power in the field of energy. A significant part of the country's income is
provided through the oil industry every year. In recent decades, the role of oil
in Iran's economy and politics has been the subject of extensive and vital
debates. In some of these discussions, the prevailing opinion is that oil has
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provided significant financial resources for consumption and investment in
Iran.

In the use of Bayesian estimation and Bayesian analysis articles on
ARFIMA models are presented by Cope, Lee, Oswaki, and Steele (1997) and
Jeffries and Ravishankar (1996, 1998). However, in presenting the Bayesian
estimation of the proposed distribution, the fractional difference parameter is
complicated by Nan-Jung-hsu and Bridett (2003).

In the ARFIMA model, the estimation of parameters is one of the important
discussions. For the first time, Lu (1991) attempted to estimate the fractional
difference parameter (d) in fractional white noise processes by improving the
R/S statistic presented by Hurst (1951). Another method in the frequency
domain was proposed by Qivik, Porter and Hudak (1983), which is known as
the GPH generator method. In the second part of the article, time series models
are presented. In the third part, the evaluation criteria of tests are discussed. In
the fourth part, the average parameters of the model and the fractional
difference are estimated with the Bayesian approach according to the
appropriate prior distributions; And in the fifth section, for oil export data, the
selection of the model is presented with the help of simulation, taking into
account the parameter estimation methods.

Methods and Material

In this section, while introducing time series models to identify the type of
model, R/S and GPH tests are discussed. In general, models AR(p), MA(q),
according to the distribution of the error sentence, are respectively equal to:

#(B)(1-B) (X, ~1)=0(B)s

In the use of time series models such as AR, ARMA and ARFIM, according
to the parameter estimation methods for time series data, it is very important
to recognize the model and the goodness of fit. Despite the fact that the
Bayesian approach is less used to estimate model parameters. In this article,
according to the prior distribution, the Bayesian estimation of the parameters
is presented. One of the methods for detecting the long-term memory model
in a time series is the use of the GPH test, which is based on a semi-parametric
method presented by Jevic and Potter (1983). In practice, after examining the
statistical test to evaluate the goodness of fit of the models from the criteria

, AIC =2k—2|n(|”) and

BIC :kln(n)—ZIn(IA) are used. Meantime parameter estimation methods

play a fundamental role in parameter estimation and the goodness of fit of
models. In this article, for the goodness of fit of the model for oil export data,
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after estimating the relevant model parameters using classical and Bayesian
method, the best model is selected with the help of goodness of fit criteria.

Results and Discussion

In the use of parameter estimation methods, by considering the appropriate
prior distribution, Bayesian estimation of parameter the fractional difference
parameter is presented. According to the discussed time series data and the
use of the prior distribution without information, the fractional difference
parameter value is equal to 0.85. According to the basic information for
calculating the Bayesian estimation of the parameter the fractional difference,
the best estimate for d can be provided by changing the prior information and
the variance of the error term. Having the value of the fractional difference
parameter, it is possible to present the ARFIMA model for the real data using
a special algorithm.

Conclusion

By presenting a new method for calculating the fractional difference value of
data in an ARFIMA model using the positive step Bayesian method in order
to estimate the parameter of the fractional difference of the data, we have the
least error and the most accuracy in the simulation of the investigated time
series. A model was proposed for Iran's oil export data from 1980 to 2021, and
by using it and the new Bayesian method to calculate the differential power,
it was determined that in most cases, considering getting the appropriate prior
distribution for the fractional difference value can increase the accuracy of the
calculations. This can help researchers make better and more accurate
predictions.
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Abstract

This research aimed to design a conceptual model for enhancing innovation
capacity in EPC companies, based on Strauss and Corbin’s (1989) method.
The study was conducted using a qualitative approach and grounded theory.
Through purposeful sampling and semi-structured interviews, theoretical
saturation was achieved after the 17th interview. The statistical population of
this research included managers active in the field of innovation in EPC
companies. To ensure the quality of the results, three criteria—credibility,
confirmability, and reliability—were used, and the findings were presented to
experts for validation and were approved. The research findings indicate that
innovation capacity can be divided into six categories: incremental
innovation, radical innovation, market innovation, process innovation,
technological innovation, and business innovation. By viewing each of these
capabilities as opportunities, and with appropriate planning and solutions, the
foundation for enhancing innovation capacity can be established.

Introduction

In recent decades, innovation has been recognized as the main driving force
of economic growth and industrial development, playing a crucial role in
sustaining competitive advantage. Engineering, Procurement, and
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Construction (EPC) firms, due to their complex structures, multi-functional
nature, and strong dependence on advanced technologies, require continuous
improvement of their innovation capacity to survive and compete in dynamic
markets. Despite its importance, few studies have systematically examined the
internal dimensions and relationships shaping innovation capacity in such
firms. Accordingly, this study aims to design a comprehensive conceptual
model to enhance innovation capacity in EPC companies, using a grounded
approach that explains structural, behavioral, and technological factors
influencing organizational innovation.

Methods and Material

This research is qualitative in nature and adopts Strauss and Corbin’s (1989)
grounded theory approach. Data were collected through semi-structured
interviews with 17 senior managers and innovation experts from EPC firms,
selected using purposive and snowball sampling methods. The data were
analyzed using open, axial, and selective coding procedures. To ensure data
reliability and validity, the criteria of credibility, confirmability, and
dependability were applied.

Results and Discussion

The results identified six core dimensions of innovation capacity: incremental
innovation, radical innovation, market innovation, process innovation,
technological innovation, and business innovation. These dimensions interact
dynamically through key enablers such as leadership style, knowledge
management, organizational culture, project-based structure, and inter-
organizational networking. The proposed conceptual model demonstrates that
strengthening both incremental and radical innovation capabilities alongside
the development of technological and market-oriented competencies enhances
productivity, competitiveness, and organizational sustainability in EPC firms.
Furthermore, the findings highlight that fostering inter-organizational
collaboration and continuous learning serves as a key driver in the transition
from closed to open innovation models.

Conclusion

This study offers a conceptual model that provides both a theoretical and
practical framework for understanding and enhancing innovation capacity in
EPC companies. The model guides managers toward improving technological
capabilities, cultivating an innovation-oriented culture, and institutionalizing
organizational learning as core elements of sustainable innovation development.
The results are consistent with international research emphasizing the balance
between different types of innovation and the strategic role of leadership in
managing knowledge and innovation processes.
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Abstract

Energy is one of the most essential and vital goods in the household
consumption basket. Access to energy to meet basic needs is a fundamental
right of every consumer. However, due to the occurrence of the energy
imbalance phenomenon in Iran's economy, this access has become limited in
recent years. In light of this issue, the aim of this paper is to determine the
minimum subsistence level of energy consumption for Iranian households. To
achieve this, data on household income and expenditure from 1991 to 2022
were used, categorized into five groups: food, clothing, housing, energy, and
others. The Linear Expenditure System (LES) and seemingly unrelated
regressions (SUR) method were employed to estimate the expenditure
function and determine the necessary costs for meeting the minimum
subsistence level. The results reveal that the highest marginal propensity to
non-subsistence expenditure belongs to the food group, accounting for
approximately 40%, while the lowest marginal propensity is observed in the
energy group, at about 6%. In the energy category, the average expenditure
required to meet the minimum subsistence level increased from 176,000 IRR
in 1991 to 87,472,600 IRR in 2022. In other words, the expenditure required
for energy to meet minimum subsistence needs grew approximately 497-fold
during this period.
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In economics, poverty is defined as deprivation of welfare. Welfare is
determined by the level of satisfaction derived from the consumption of goods
and services. Satisfaction from consumption is expressed through a utility
function, which represents individuals' preferences regarding different
consumption bundles of goods and services. One of the most important goods
in a household's consumption basket is energy. The significance of energy in
household consumption lies in the fact that energy demand is derived demand.
This means that the need for other goods and services leads to the formation
of energy demand. The issue is whether households can ensure the minimum
subsistence level of energy in their consumption basket. Essentially, what is
the minimum subsistence level of energy for a household? In other words,
what is the poverty line for energy consumption?

Energy poverty is one of the complex and multifaceted dimensions of
poverty in contemporary societies. It not only affects individuals' quality of
life but also has profound impacts on key economic, social, and environmental
indicators. Despite being one of the world's largest energy resource holders,
Iran faces significant challenges in ensuring access to clean, affordable, and
sustainable energy for all segments of society. This contradiction stems from
the lack of long-term planning and the insufficient utilization of competent
experts in the country's executive and policy-making bodies. Additionally,
other factors such as the inefficiency of energy subsidy distribution policies,
regional disparities, and income inequality have also played a role. As a result,
low-income and vulnerable households bear the greatest burden of energy
poverty.

The main objective of this paper is to estimate the level of energy poverty
among households. In other words, the study aims to determine the necessary
expenditures required to meet the minimum subsistence level of energy
consumption. To achieve this, the Linear Expenditure System (LES) approach
is employed to estimate household expenditure functions.

The structure of the paper is organized as follows. Section 2 provides a
review of the literature, including both theoretical and empirical studies. This
section discusses energy poverty, the methodology for its measurement and
previous research conducted in this field. Section 3 focuses on modeling the
expenditure function and estimating the necessary expenditures required to
meet the minimum subsistence level of energy consumption. Finally, the
paper concludes with a summary of findings and policy recommendations.

Methods and Material

In this paper, the Linear Expenditure System (LES) is estimated using the
functional form proposed by Stone-Geary. Given that the focus of this study
is on the energy commodity group, goods are classified into five categories:
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food (kh), clothing (po), housing (mas), energy (en), and others (oth). Based
on this classification, the system of expenditure equations for these
commodity groups is formulated as follows:

5
Eit = Pitvin + 5 (Yt -2 pjt71j+5it (i =kh, po,mas, en,oth)
=1

In this system of equations, there exists a set of unobservable variables that
jointly influence expenditures across the five commodity groups. Since these
common influencing factors are not explicitly included in the model, they are
incorporated into the error terms, leading to a high likelihood of strong
correlation among these error components. Zellner (1962) argues that in such
cases, the most efficient method for estimating the model parameters is to use
the Seemingly Unrelated Regressions (SUR) approach.

Estimating the Linear Expenditure System (LES) involves certain
complexities. in this system, although the demand equations are linear with
respect to the variables, they are nonlinear with respect to the parameters.
Several methods exist for estimating these nonlinear parameters. In this paper,
Engel curves for the five commodity groups were first estimated. The
functional form of the Engel curve, which is specific to the linear expenditure
system, is expressed as follows:

El =a+fY, +& (i=kh, po,mas,en,oth)

- , S e -1
Bsur =[X (Xe®lr) X} [X (Xelr) Y}
where E; represents the expenditure on the i-th commodity group, and Y

denotes the total expenditure across all commodity groups. Two key points
should be noted regarding the estimation of this model.

n 5 A
(Eit —ﬂisurYt): Z[(su (7i -5y, )} Pjt + Uit
j=L

g =1 ifi=]

g =0 ifi=]j
The data required for estimating the system of equations includes expenditures
and price indices related to the commaodity groups, which were collected from
the Statistical Center of Iran and the Central Bank of Iran. The household
expenditure data were extracted from the results of the Household Expenditure
and Income Survey conducted by the Statistical Center of Iran. The data on price
indices are also extracted from the economic reports of the Central Bank of Iran.
It should be noted that in the economic reports, the price index for housing and
energy is reported together. Therefore, to maintain the proper classification of
commodity groups and based on the relative importance of each group, the
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energy price index (covering water, electricity, gas, and other fuels) has been
separated from the housing price index.

Results and Discussion
The results of estimating the marginal propensity to spend on discretionary
expenditures using the Seemingly Unrelated Regression (SUR) method are
presented in Table 1.
Table 1. Marginal Propensity to Spend on Discretionary Expenditures by
Commodity Grou

Marginal Propensity to Spend 0.396 0.061 0.231 0.055 0.257

Source: Research Findings.

The marginal propensity to spend on discretionary expenditures indicates the
change in spending on various commodities due to a one-unit increase in
income. In other words, if discretionary expenditures (expenditures after
deducting the minimum subsistence level) increase by 1,000 rials, then: 396
rials will be allocated to the food group, 61 rials to the clothing group, 231
rials to the housing group, 55 rials to the energy group, and 257 rials to the
other goods and services group.

The minimum living expenses for the housing and energy groups ranked
first with a share of 20.6%. Following them, the "others" group accounted for
20.4%. The clothing group ranked next with a share of 19.3%. Finally, the
food group accounted for 19.1% of the minimum living expenses.

Table 2. Estimation of Minimum Living Expenses in Commodity Groups and Their
Shares

Minimum Living Expenses (in Rials) 232,179 234,074 250,002 249,686 247,675
Share (%) 19.1% 193% 206% 20.6% 20.4%

Source: Research Findings.

The trend of expenditures allocated to ensuring the minimum living expenses
for the energy group is presented in Figure 3. It is observed that after 2017,
the trend slope increased significantly. This indicates that the expenditures
required to secure the minimum living standards for the energy commodity
group have risen sharply.

Figure 1. Trend of Required Expenditures for Ensuring Minimum Living Expenses
in the Energy Commodity Group (Thousand Rials)
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Conclusion

This paper aims to estimate the necessary expenditures for meeting the
minimum energy subsistence level in Iran using the Linear Expenditure
System approach and the Seemingly Unrelated Regressions method.
Household expenditure and income data for Iranian households from 1991 to
2022 were used for five commodity groups: food, clothing, housing, energy,
and other. The results show that the highest marginal propensity to consume
non-essential goods is related to the food group, at approximately 40%, while
the lowest is for the energy group, at about 6%. The expenditures required to
meet the minimum energy subsistence level increased from 176,000 rials in
1991 to 87,472.6 thousand rials in 2022. This increase represents a 497-fold
rise in costs for the energy commaodity group during the period under review.
The own-price elasticity of energy was estimated at -0.94, indicating that
energy is an inelastic good. The income elasticity of energy is 0.038, placing
it in the category of essential goods. Based on the findings of this paper, the
following recommendations are made: (a)- Given the pressure of energy costs
on low-income households, it is essential to reform the energy subsidy
structure towards targeted and supportive payments. This measure can help
reduce energy poverty in the lower income deciles. (b)- Since energy is
inelastic, increasing prices will not have a significant effect on reducing
energy consumption. Therefore, the focus should be on improving energy
efficiency through infrastructure reforms and the use of efficient technologies.
(c)- Macro-economic policies should focus on controlling inflation and
increasing household purchasing power to reduce the pressure of energy costs
on household budgets.
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