Economic Modeling )
sanad.iau.ir/journal/eco Volume 18, Issue 68, Winter 2025, 1-28.

Original Article

Decomposing scale and technical effects of financial development and
foreign direct investment on renewable energy consumption: evidence from

Middle Eastern economies

* %

Hussein Abdulhamzah Salman Al-Rikabi‘*"*, Seyyed Kamal Sadegi‘="",

Parviz Mohammadzadeh'=+

https://doi.org/10.71849/EC0.2025.1197149

Received:

20/01/2025 AbStra_Ct . . .
Energy is a fundamental pillar of production and economic growth, yet
. Middle Eastern countries' heavy reliance on fossil fuels, despite their
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renewable energy potential, has exacerbated environmental challenges and
05/03/2025 . - . . .
public health concerns. Financial development and foreign direct
investment (FDI) shape renewable energy consumption through scale and
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technical effects, where the scale effect increases energy demand and

Renewable Energy, . . A .
9y emissions. In contrast, the technical effect fosters sustainability via

Financial Development,

Middle East, Foreign technology transfer and efficiency improvements. This study employs the
Direct Investment, CS-ARDL model and panel data from 2000 to 2021 to examine the impact
Institutional Quality, CS- of financial development and FDI on renewable energy consumption in
ARDL Model selected Middle Eastern countries, revealing that early-stage financial

development and FDI lead to inefficient resource allocation and the
JEL Classification: relocation of polluting industries, reducing renewable energy adoption. In

C33,Q42, F21, 013, G20 | contrast, advanced financial growth and targeted investments enhance
sustainability.  Additionally, institutional quality and fossil fuel
consumption positively influence renewable energy use, while reliance on
traditional technologies hinders progress, highlighting the need to
strengthen financial infrastructure, attract targeted foreign investment,
improve governance, and phase out fossil fuel subsidies to facilitate a
sustainable energy transition.
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1. Introduction

Energy is one of the most crucial elements of production and plays a key role in
urbanization and economic growth. However, excessive reliance on fossil fuels has led
to severe environmental and public health challenges. The increasing carbon emissions
from fossil fuel consumption have exacerbated air pollution and climate change, making
the transition to renewable energy sources a critical policy objective. Despite having
significant potential for renewable energy, many Middle Eastern countries still struggle
with structural and financial constraints that limit their ability to adopt sustainable
energy solutions. This study examines how financial development and foreign direct
investment (FDI) influence renewable energy consumption, considering both scale and
technical effects. While the scale effect can increase overall energy demand and
emissions, the technical effect enhances efficiency and promotes cleaner energy
alternatives. Given the varying impact of these effects across different countries, a
thorough decomposition of these influences is essential for effective policymaking.

2. Research method and data

This study uses the CS-ARDL model to examine the long-term and short-term effects of
financial development and FDI on renewable energy consumption in selected Middle
Eastern countries. The panel data, covering the period from 2000 to 2021, is sourced
from international databases such as the World Bank and the IMF. The model accounts
for cross-sectional dependence and heterogeneity in slope coefficients, ensuring robust
and reliable results. The dependent variable is the share of renewable energy
consumption, while the independent variables include financial development indicators,
FDI inflows, institutional quality, fossil fuel consumption, and the capital-labor ratio.
To verify stationarity and explore long-run relationships among the variables, various
diagnostic tests—such as panel unit root and cointegration tests—are applied.

3. Analysis and discussion

The empirical findings reveal a nonlinear (U-shaped) relationship between financial
development, FDI, and renewable energy consumption. In the early stages, both
financial development and FDI negatively affect renewable energy consumption due to
inefficient resource allocation and increased industrial pollution (scale effect). However,
as financial markets mature and foreign investments shift toward advanced technologies
and green projects, the impact becomes positive (technical effect). Institutional quality
plays a pivotal role in mitigating negative externalities and supporting the transition to
renewable energy. Countries with stronger governance frameworks are better positioned
to attract sustainable investments and implement policies that promote clean energy
adoption. Furthermore, fossil fuel consumption demonstrates a complementary effect,
suggesting that rising environmental concerns and policy pressures encourage countries
to increase their reliance on renewable energy.
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4. Conclusion

This study offers empirical evidence on the dual effects of financial development and
FDI on renewable energy consumption in Middle Eastern economies. The findings
underscore the importance of policy measures that channel financial resources and
foreign investments toward sustainable energy projects. Strengthening financial
infrastructure, improving institutional quality, and gradually phasing out fossil fuel
subsidies are essential steps to promote renewable energy adoption. The study suggests
that policymakers should implement a phased approach to financial and investment
reforms, ensuring that economic growth is not achieved at the expense of environmental
sustainability. Future research could further investigate sector-specific policies and
explore the role of technological innovation in accelerating the transition to clean
energy in developing economies.
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1. Introduction

Health is a fundamental determinant of societal well-being and a prerequisite for
economic and social development by enhancing human capital, fostering economic
growth, and increasing labor productivity. Among the key factors influencing public
health are climate, air quality, and environmental conditions, all of which have been
significantly degraded by human activities—particularly the excessive consumption of
fossil fuels, which has led to severe environmental pollution and greenhouse gas
emissions. Consequently, policies aimed at reducing carbon dioxide and other
greenhouse gas emissions from fossil fuel combustion can yield co-benefits, including
improved public health and enhanced environmental quality. Countries heavily reliant
on carbon-intensive technologies face detrimental effects on both environmental
sustainability and population health, as high fossil fuel consumption poses serious
health risks. To mitigate these adverse effects, governments must curb fossil fuel use
and promote renewable energy adoption, which offers multiple advantages such as
lower air pollution, improved health outcomes, and reduced healthcare expenditures.
Air pollution significantly influences both public and private healthcare costs, yet its
role in shaping health expenditures is often overlooked. Additionally, the impact of air
pollution on healthcare spending is shaped by various socioeconomic factors, with
studies suggesting that urbanization amplifies this relationship. Furthermore, improved
living standards, enhanced urban life quality, and well-designed policies addressing
demographic shifts and age composition can positively influence public health and
healthcare costs. Given these dynamics, this study explores the interplay between
energy consumption, environmental quality, social indicators, and public health, using
health expenditure indices as a key analytical framework.

2. Research method and data

This study examines the impact of renewable energy consumption, carbon dioxide
emissions, urban population growth, and the age dependency ratio on health
expenditures in Iran from 1990 to 2019 using the Auto-Regressive Distributed Lag
(ARDL) approach. Unlike Johansen’s method, the ARDL model does not require all
variables to be integrated at the same level to establish long-run relationships, making it
more flexible and statistically reliable for small samples. This approach enables the
estimation of both long-run and short-run dynamics while also determining the speed of
adjustment toward long-run equilibrium after short-term shocks through the inclusion of
the Error Correction Model (ECM). Additionally, the ARDL method mitigates
endogeneity concerns due to the non-correlation of residuals. The study's key variables
include the ratio of government health expenditures to GDP, renewable energy
consumption as a percentage of total energy use, carbon dioxide emissions relative to
GDP, annual urban population growth, and the age dependency ratio as a percentage of
the active population.
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3. Analysis and discussion

Before estimating the model, the stability of all variables was tested. Unit root test
results indicated that health expenditures (HE), urban population growth (UPG), and the
age dependency ratio (ADR) were stationary at level, while renewable energy
consumption (RE) and carbon dioxide (CO:) emissions became stationary at first
difference. Classical assumptions were validated to ensure the reliability of the model
coefficients. The Jarque-Bera test confirmed the normality of residuals (p-value =
0.413), while the LM autocorrelation test and the Breusch-Pagan-Godfrey test verified
the absence of autocorrelation and heteroskedasticity (p-values = 0.272 and 0.882,
respectively). Additionally, Ramsey’s RESET test confirmed the correct model
specification (p-value > 0.05), and the CUSUM and CUSUMQ tests indicated
parameter stability throughout the study period.

At a 95% confidence level, the bounds test showed that the F-statistic (9.088)
exceeded the upper critical bound value (3.97), rejecting the null hypothesis of no long-
run relationship among the variables. Long-run estimates revealed that increased
renewable energy consumption improves environmental quality and public health,
thereby reducing health expenditures. In contrast, carbon dioxide emissions, urban
population growth, and the age dependency ratio were positively associated with higher
health expenditures. The coefficient for renewable energy consumption was -0.425,
indicating a significant negative relationship with health expenditures. Conversely,
carbon dioxide emissions exhibited a significant positive relationship with health
expenditures (coefficient = 3.152), reflecting the increased prevalence of diseases due to
higher emissions. Similarly, urban population growth and the age dependency ratio had
significant positive effects on health expenditures (coefficients = 0.936 and 3.238,
respectively), highlighting the rising demand for healthcare services driven by
urbanization and demographic shifts. The error correction model confirmed that
deviations in health expenditures from equilibrium in the previous period were
corrected in the current period, as indicated by the statistically significant and negative
coefficient of CointEq(-1), ensuring a stable adjustment toward long-run equilibrium.

4. Conclusion
The findings of this study underscore the critical role of renewable energy in replacing
fossil fuels, reducing pollutants, and enhancing environmental quality and public health,
which ultimately leads to lower health expenditures. In contrast, fossil fuel consumption
and the resulting carbon dioxide emissions pose significant risks to public health,
contributing to rising healthcare costs. The direct threat of carbon emissions to societal
health highlights the urgency of transitioning to renewable energy sources as a
fundamental solution.

Urbanization has also emerged as a key driver of higher health expenditures due to its
socio-economic and environmental challenges. Urban lifestyles, stress, air pollution
exposure, and social issues such as marginalization among migrants negatively impact
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health and increase healthcare costs. Additionally, higher living standards in urban areas
have heightened the demand for healthcare services, further driving expenditures.

The age dependency ratio plays a crucial role in shaping healthcare costs, as non-
working populations—particularly the elderly and young children—require diverse and
extensive medical services. Aging populations, in particular, experience a rapid decline
in health, increasing the burden on medical and insurance systems and escalating
healthcare expenditures. Based on these findings, governments are encouraged to
diversify renewable energy sources, promote their adoption, and prioritize green growth
to mitigate environmental pressures and enhance public health. Expanding renewable
energy production and consumption reduces ecological footprints and improves
environmental quality. Moreover, policies supporting eco-friendly technologies and
prioritizing preventive healthcare measures can further protect the environment and
foster better societal health outcomes.
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1. Introduction

Tax revenue is a crucial source of government funding, providing the means to finance
public goods and services such as education, infrastructure, and defense, while also
redistributing wealth and regulating economic activities. Achieving an optimal level of
tax revenue is a central objective for governments worldwide, and reaching this target
necessitates the adoption of appropriate policies—which, in turn, requires identifying
the most critical factors influencing tax revenue. Accordingly, the present study aims to
model and identify the key variables affecting tax revenue, addressing the significant
challenge of model uncertainty that arises from the multitude of potential explanatory
variables. Neglecting this uncertainty can lead to biased parameter estimates, inaccurate
predictions, and flawed statistical inferences. Given the heavy reliance of developing
countries on oil revenues—and the consequent political, social, and economic
ramifications, along with the relatively minor role that various tax revenues play in their
budgets—it is especially important to examine these factors in natural resource-
exporting nations. Moreover, while increasing corporate income taxes may boost
government revenue, such measures can also have far-reaching effects on production
across sectors, income distribution, pricing, and overall economic welfare. An
innovative aspect of this study is the separate modeling of tax revenue generated from
individuals and legal entities, providing deeper insights into the dynamics of tax
collection.

2. Research method and data

Using the weighted least mean squares approach, this study identifies the key
explanatory variables influencing tax revenues, distinguishing between the natural
persons and legal sectors. The analysis covers annual data from 1991 to 2023. After
estimating the model, 10 primary variables affecting tax revenues were identified for
each sector. The forecast training period spans from 1991 to 2007, while the forecast
performance evaluation period extends from 2008 to 2023. To assess forecasting
accuracy, the study employs the mean squared forecast error (MSFE) and the mean
absolute forecast error (MAFE), which measures the absolute value of the mean error.

3. Analysis and discussion

Based on the model results, 10 key variables influencing the tax revenue of individuals
and 10 variables affecting the tax revenue of legal firms were identified, with four
variables common to both models. The findings indicate that economic factors—
particularly inflation, the business environment, economic openness, economic growth,
the budget deficit, tax evasion, the exchange rate, the nominal tax rate, sanctions, and
the ratio of the value added of the services sector to GDP—are the most significant and
robust determinants of tax revenue in the legal sector. Among these, inflation, the
business environment, economic growth, the nominal tax rate, and the ratio of the value
added of the services sector to GDP have a positive impact, while tax evasion,
sanctions, and other factors negatively affect tax revenue in this sector.
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Similarly, in the natural persons sector, tax evasion, inflation, economic growth,
sanctions, fairness of the tax system, tax morale, tax culture, unemployment, the Gini
coefficient, and the average male wage were identified as the main determinants of tax
revenue. Among these, tax evasion has the highest impact. Inflation, fairness of the tax
system, tax culture, and average male wages positively influence tax revenues, whereas
other factors, such as unemployment and sanctions, exert a negative effect.

4. Conclusion

In the legal sector, inflation has the greatest impact on tax revenues, while tax evasion
has the highest impact in the natural person’s sector. Therefore, to optimize tax
revenues in the legal sector and enhance the efficiency of the country’s tax system,
policymakers must take effective measures to control inflation, as rising inflation can
lead to a decline in tax revenues, particularly in scenarios where the risk of capital
outflow increases. Improving the business environment by reducing administrative
barriers and simplifying legal procedures can encourage investment, ultimately boosting
tax revenues. Additionally, implementing tax reforms to enhance fairness in the tax
system and minimize tax evasion is a crucial step toward increasing tax revenues.
Furthermore, launching educational and promotional programs on taxation can foster a
stronger tax culture and reduce tax evasion. Strengthening the country’s tax system
through stricter enforcement mechanisms and enhanced financial transparency is also
necessary. Leveraging modern technologies in tax administration can play a vital role in
detecting undeclared income and improving revenue collection efficiency.
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1. Introduction

Behavioral economics is a key area in microeconomics that integrates psychological
insights to better explain economic behaviors (Koohbar et al., 2018; Kafka, 2021). It
emphasizes improving economic theories by incorporating psychological foundations,
enhancing their ability to predict outcomes and shape effective policies (Dei et al.,
2008). Consumer behavior theory, a major focus in this field, explores how individuals
choose goods and services to maximize utility. By analyzing consumption patterns,
researchers can assess rational behavior and understand shifts in preferences, which are
influenced by economic shocks and policies (Rezvani et al., 2020). Studying consumer
behavior reveals consumer preferences for domestic versus foreign goods and highlights
the impact of economic changes. Changes in consumption patterns reflect societal
developments and economic conditions (Hovhannisyan & Gould, 2012). While previous
studies have explored consumer preferences (e.g., Smulders et al., 2018; Hall et al.,
2020; Doorn et al., 2012), the role of consumer behavior in Iran's real trade exchange
rate trends remains under-researched, making this study significant.

2. Research method and data

The methodology of this study involved calculating Iran's real trade exchange rate using
the theoretical framework of relative supply and demand. This exchange rate is distinct
from the overall real exchange rate in the economy. To analyze the long-term trend of
the real trade exchange rate, the study employed the Kalman filter and the Hodrick-
Prescott filter to remove noise and short-term fluctuations. The data spanned from 1960
to 2020, providing a comprehensive historical view to assess the impact of consumer
preferences on the declining trend of the real trade exchange rate.

3. Analysis and discussion

The analysis reveals that the declining trend in Iran's real trade exchange rate is
significantly influenced by shifts in consumer preferences from domestic to imported
goods. This preference change, driven by the perceived lower quality and higher prices
of domestic products, has weakened demand for local goods and increased demand for
foreign currencies. Consequently, this imbalance has contributed to a sustained decline
in the real trade exchange rate. In contrast, the overall real exchange rate has shown an
upward trend, indicating symptoms of Dutch disease, where the non-tradable sector,
such as real estate and services, experienced faster price growth than tradable goods.
These findings underscore the need to improve the quality and competitiveness of
domestic products to stabilize the exchange rate and enhance economic resilience.

4. Conclusion

In conclusion, the study highlights that the persistent decline in Iran's real trade
exchange rate is primarily driven by changing consumer preferences toward imported
goods, resulting in reduced demand for domestic products and increased demand for
foreign currencies. This shift has contributed to the overvaluation of the national
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currency, disrupting economic stability. Moreover, the upward trend in the overall real
exchange rate reflects the presence of Dutch disease in Iran's economy, where non-
tradable sectors have grown disproportionately. To address these challenges,
policymakers should focus on improving the quality and affordability of domestic
products, implementing supportive policies for local industries, and adopting strategies
to manage exchange rate fluctuations effectively.
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1. Introduction

The production of paper using bagasse, a method that addresses both environmental
concerns and industrial potential, has been recognized in the country since before the
revolution. Bagasse is a byproduct of sugarcane processing, generated during the
grinding stage, and is highly flammable when exposed to heat. It consists of two main
components, fiber and peat, which can be utilized in various industries, including
animal feed production, papermaking, and neon manufacturing. In Khuzestan province,
seven agro-industrial complexes span 80,000 hectares, producing approximately 7
million tons of sugarcane annually, yielding 2.3 million tons of bagasse alongside
500,000 tons of sugar. This substantial volume of bagasse has the potential to eliminate
the country’s reliance on paper imports and reduce deforestation. However, due to the
lack of proper utilization, much of it is currently burned, causing significant
environmental pollution. Establishing a paper factory using bagasse presents numerous
economic and environmental benefits. This study examines the feasibility of
constructing a paper mill with an annual production capacity of 240,000 tons for the
years 2021-2022 within the agro-industrial complex. Notably, the factory’s steam
furnace is designed to operate on both natural gas and peat (one of bagasse’s key
components) to generate electricity and supply the necessary steam for the production
process. Economic assessments and estimates are conducted using COMFAR software,
with EViews software employed if needed for data analysis and integration.

2. Research method and data

The feasibility study of the project should be conducted from three key perspectives:
market, technical, and economic, using the internal rate of return (IRR) as the primary
evaluation criterion. IRR is a fundamental concept in financial management used to
assess the profitability of investment projects. It represents the discount rate at which
the net present value (NPV) of a project becomes zero. Simply put, IRR is the rate at
which a project's cash inflows and outflows are balanced, making the project's return
equivalent to the cost of capital or the target discount rate. The feasibility study follows
a structured framework consisting of ten sections: (1) Summary of the report, (2) Project
background, (3) Market analysis, (4) Estimation of costs for raw materials, auxiliary and
consumable materials, facilities, and energy, (5) Project location, (6) Technical analysis,
(7) Human resource estimation, (8) Execution plan and scheduling, (9) Financial and
economic assessment, and (10) Conclusion. This structured approach has been adopted
in this study to evaluate the feasibility of the proposed project.

3. Analysis and discussion

The findings indicate that if the project is implemented according to the planned
schedule, commercial operations will commence in April 2027. The company's
operations are projected to consistently generate net profit. In 2027, the net profit-to-
sales ratio is expected to be 29.31%, increasing to 42.07% by 2030 as financial costs
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decrease. Additionally, the net profit-to-equity ratio is anticipated to be 25.91% in 2027
and rise to 38.09% in 2030.

4. Conclusion

The net present value (NPV) of the project, calculated with a 15% discount rate, is 7.2
thousand billion Rials. Since the NPV is positive, the project is economically viable.
Additionally, the internal rate of return (IRR) is estimated at 17.23% over a 20-year
operational lifespan, further supporting its financial feasibility. With a 15% discount
rate, the project remains economically justified. However, the return on investment
(ROI) period is projected to be 17.04 years, considering both the construction phase and
discounting conditions, indicating a relatively long payback period.
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Receives postrct o
The article aims to model capital flight in the Iranian economy,
) considering the specific conditions of the country, during the period 1990-
Accepted: 2022 .To achieve this goal, 36 variables affecting capital flight were
18/04/2025 entered into Bayesian averaging models. To achieve this goal, 36
variables affecting capital flight were entered into Bayesian averaging
Keywords: models. Therefore, based on the BMA model, 11 non-fragile variables
Capital Flight, Political | affecting capital flight were identified. Based on the results, the variables
Stability, Bayesian of sanctions, foreign debt, and economic governance had the highest
gﬂOd?S Averaging, impact on capital flight in the Iranian economy. Finally, the results
anction

indicated that political and international variables have a greater impact
on capital flight in the Iranian economy than economic variables. Based
GEL Classification: | on the results, it can be stated that capital flight has a multidimensional
C02, G11, GO3 nature; to reduce it, a systemic perspective (multidimensional perspective)
must replace the traditional perspective (single-dimensional perspective).
It should be noted that, given the priority of factors affecting capital flight
in the present study, policies of political stability and improvement of
diplomatic relations at the global level should be prioritized..
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1. Introduction

"Capital flight" from developing and underdeveloped countries carries significant
economic and social consequences, underscoring the importance of addressing this
issue. The outflow of capital reduces essential investments in public and social
sectors—particularly in education, healthcare, sanitation, and infrastructure, while
deepening economic and social inequalities. To better understand this phenomenon, the
present study contributes to the literature by analyzing the determinants of capital flight
in developing economies, with a specific focus on Iran. As a developing country, Iran
aims to attract foreign capital; however, challenges such as long-standing unilateral and
multilateral sanctions, political and economic instability, fluctuations in oil prices, and a
heavy reliance on oil revenues have created an unfavorable environment for investment.
Consequently, not only has the country struggled to draw in foreign capital, but it has
also experienced significant domestic capital outflows. According to World Bank data,
Iran ranks poorly in terms of investment appeal; for example, the United Nations
Conference on Trade and Development (UNCTAD) reported a 36.5 percent decline in
foreign direct investment in Iran in 2019. Moreover, although natural resources—
particularly oil—can support economic growth, they have not led to sustained
development in Iran. The government’s overdependence on oil revenues has diverted
attention from other sources of capital, further exacerbating capital flight.

2. Methodology

This study is applied in terms of its purpose and adopts a quantitative approach based on
the nature of the data. The research covers a 33-year time horizon, spanning from 1990
to 2022, with a spatial focus on Iran. Data related to 36 variables influencing capital
flight were collected from various reputable sources, including the Central Bank of the
Islamic Republic of Iran, the Statistical Center of Iran, the World Bank, the
International Monetary Fund (IMF), and the Federal Reserve Bank of St. Louis. To
estimate capital flight, this paper employs the World Bank residual method, which is
recognized as a conservative yet comprehensive measure for capturing capital outflows.

3. Analysis and Discussion

Using nonlinear Bayesian models, the most influential variables affecting capital flight
were identified. Based on the results, 11 key variables were selected as part of the
optimal capital flight model. These include inflation uncertainty, sanctions, external
debt, real exchange rate, interest rate, domestic taxation, corruption, political stability,
regulatory quality, economic governance, and terrorism. These factors were found to
play a critical role in shaping capital flight dynamics in the context of the Iranian
economy.

4. Conclusion

Based on the results, several policy recommendations are proposed to mitigate capital
flight in Iran. First, enhancing transparency and accountability through anti-corruption
measures, legal reforms, and regular retraining of bureaucrats is vital for long-term
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governance improvement. Legal frameworks must be strengthened to prosecute corrupt
practices effectively, and tax reforms should aim to reduce evasion. Political stability
must be prioritized by addressing internal and external conflicts, improving democratic
accountability, and upholding the rule of law. Financial supervision should be
reinforced to prevent the diversion of funds to terrorism, with international and regional
cooperation playing a critical role. Promoting investment through a favorable business
environment, reducing bureaucracy, and encouraging economic diversification beyond
oil can also curb capital outflows. Economic stability should be pursued via sustainable
GDP growth, low and stable inflation, monetary and fiscal discipline, and transparent
financial laws. Strengthening diplomatic relations and institutional capacity building,
alongside public awareness campaigns on the harmful effects of corruption and
terrorism, are also essential. A sound banking sector can protect domestic savings and
attract foreign investment. Overall, the findings highlight the multidimensional nature of
capital flight, necessitating a systemic policy approach. Importantly, given the relative
impact of various factors identified in this study, efforts to enhance political stability
and international diplomacy should be prioritized.
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