Investigating the Environmental Impacts of Renewable Energy Development
and Health Expenditures on the load capacity factor in Iran

Mohammadreza Arefian 1

| Abbas Assari Arani* 22/ | Lotfali Agheli 3| Ali Asgary *

1. Ph.D Candidate, Department of Economic Development and Planning, Faculty of Management and Economics, Tarbiat Modares

University, Tehran, Iran. E-mail: m.arefian@modares.ac.ir

2. Corresponding Author, Associate Professor, Department of Economic Development and Planning, Faculty of Management and

Economics, Tarbiat Modares University, Tehran, Iran. E-mail: assari_a@modares.ac.ir

3. Associate Professor, Department of Economic Development and Planning, Faculty of Management and Economics, Tarbiat

Modares University, Tehran, Iran. E-mail: aghelik@modares.ac.ir

4. Professor, Department of Disaster and Emergency Management, School of Administrative Studies, York University, Toronto,

Canada. E-mail: asgary@yorku.ca

Article Info

ABSTRACT

Article type:

Research Article

Article history:

Received: 23 June 2025
Revised in revised form: 27
January 2026

Accepted: 31 January 2026
Published online: 11 May
2026

JEL: C32, 118, Q20, Q50

Keywords:
Load Capacity Factor,
Renewable Energy, Health

Expenditures, Environmental

Quality

The increase in environmental pollution and greenhouse-gas emissions has been
driven by human activities, particularly the combustion of fossil fuels. Policies such
as reducing fossil-fuel consumption and expanding renewable energy can vyield
improvements in air and environmental quality. This study examines the relationship
between the health sector, energy, and economic activity on environmental quality,
using the Load Capacity Factor index (the ratio of biocapacity to ecological
footprint) as the environmental indicator. Employing an ARDL approach, the effects
of government health expenditure, renewable energy consumption, and GDP per
capita on this index in Iran are analyzed for the period 1990-2019.Long-run model
estimates indicate that both government health expenditure and renewable energy
consumption have positive and statistically significant effects on the Load Capacity
Factor: a 1% increase in either variable raises the index by approximately 0.09%.
These results confirm the key role of investments in health and clean energy in
improving environmental quality. By contrast, GDP per capita has a negative and
sganifaaant effcct (oofffeeemt = 00.17), nmdnnnnmm th.. the uurrent prrrrrr of
economic growth in Iran has increased pressure on biological resources and reduced
environmental sustainability.In the short run, the error-correction model yields an
error-oorrccooa ooff fnnnnnof 00.69 (sssssssssss signffnnni), maaning thtt roughly
69% of short-run deviations from the equilibrium are corrected in the following
period. It indicates a rapid return of the Load Capacity Factor to its long-run
equilibrium.Based on the findings, it is recommended that the government pursue a
green-growth path by diversifying renewable energy sources, reducing dependence
on fossil fuels, and supporting environmentally friendly technologies. In addition,
increasing health expenditure with an emphasis on preventive care and the
promotion of environmental awareness can help alleviate environmental pressures
and improve environmental quality.
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Extended Abstract

Introduction

Human activities, especially the consumption of fossil fuels, have always caused environmental pollution and the
emission of greenhouse gases, so the policy designed to reduce carbon dioxide and greenhouse gases caused by the
combustion of these fuels can provide co-benefits, including improved health and air quality. In order to minimize the
adverse environmental and health effects of fossil fuel combustion, as well as other economic activities that rely on
the consumption of dirty energy, governments should limit the use of these fuels and promote the use of alternative
energy sources. Also, factors such as improving the level of health and education by increasing awareness of the
environment and its challenges can play a significant role in improving environmental conditions. For this reason, the
current research has focused its attention on the relationship between energy, health, and economic activities with
environmental quality in the form of the load capacity factor index. The load capacity factor is obtained by dividing
the biocapacity by the ecological footprint and provides a general picture of the environmental quality.

Method

IIn this study, using the vector autoregression with distributed lag (ARDL) approach, the impact of health expenditures,
renewable energy, and gross domestic product on the load capacity factor in Iran during the period from 1990 to 2019
is investigated. In the ARDL method, not all variables need to be of the same degree. Moreover, in small samples, the
ARDL model has more reliable statistical properties. Also, the adjustment speed to the long-term equilibrium after
short-term shocks can be calculated by adding the error correction pattern model. The indicators used for the research
variables are government health expenditure, renewable energy consumption as a percentage of the total energy
consumption, GDP per capita, and load capacity factor per global hectare, respectively.

Results

Before estimating long-run relationships, stationarity of all variables was assessed using the Augmented Dickey—Fuller
test with drift and trend. The results indicated that each variable was either stationary in levels or became stationary
after first differencing, thereby satisfying the prerequisites for inclusion in the ARDL bounds-testing framework.
Residual diagnostics were subsequently undertaken: absence of serial correlation was confirmed by the Breusch—
Godfrey test, homoscedasticity was verified via the Breusch—Pagan test, normality of the errors was supported by the
Jarque—Bera statistic, and correct functional form was established through the Ramsey RESET test. Together, these
checks ensure that the estimated coefficients are not driven by spurious relationships.

The bounds test provided compelling evidence of a long-run equilibrium relationship among the load capacity factor,
renewable energy consumption, health expenditures, and per-capita GDP. In the long-run ARDL estimates, health
expenditures and renewable energy consumption each exhibit a positive and statistically significant elasticity of 0.09.
In practical terms, a one-percent increase in health spending or renewable energy consumption is associated with a
0.09-percent enhancement of the load capacity factor. This suggests that greater health investment elevates workforce
productivity and environmental awareness, while a higher share of renewables curbs pollutant emissions from fossil
fuels, together bolstering ecological resilience. Conversely, per-capita GDP displays a significant negative elasticity
of —0.17, implying that economic expansion—Ilargely driven by intensified resource extraction and fossil-fuel use—
detracts from environmental quality by reducing the load capacity factor.

Short-run dynamics were captured through an error-correction model, in which the error-correction term was estimated
at —0.69 and found to be highly significant. This indicates that approximately 69 percent of any disequilibrium from
the long-run relationship is corrected within one period, reflecting a rapid convergence to equilibrium following
shocks. Structural stability of the estimated parameters was confirmed by CUSUM and CUSUM of squares tests, both
of which remained within their 5 percent critical bounds throughout the sample period—underscoring the robustness
of the model.
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Collectively, these findings validate the research hypotheses: health expenditures and renewable energy consumption
serve as effective levers for enhancing the load capacity factor and thus environmental quality, whereas unrestrained
GDP growth continues to exert deleterious effects on ecological sustainability. The swift adjustment process and
confirmed parameter stability further reinforce the credibility of these insights for informing sustainable development
policies.

Conclusion

Based on the findings of the research, the government is expected to lay the groundwork for reducing the pressure on
the environment by supporting the increase in health expenditures based on preventive services, diversifying
renewable energy sources, and encouraging their replacement with fossil fuels, and paying special attention to green
growth and improving it. The growth of the production and consumption of renewable energy through the reduction
of the ecological footprint increases the load capacity factor and environmental quality. Policies to support
companies and develop environmentally friendly technologies and increase health expenditures based on preventive
services can also be taken to protect the environment.
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