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Abstract

Iran simultaneously faces the dual challenges of economic sanctions and
escalating environmental concerns. This study aims to examine how oil export
sanctions contribute to increasing carbon dioxide (CO:) emissions across
various economic sectors. Using the dynamic GTAP-E-Power model—a
computable general equilibrium (CGE) model tailored for energy and
environmental analysis—the impact of sanctions is assessed under three oil
export reduction scenarios: 60%, 65%, and 70%. Results indicate a consistent
increase in Iran’s total CO: emissions under all scenarios, with emissions
rising further as the severity of sanctions intensifies. Sectoral analysis reveals
that electricity production and distribution, low-tech manufacturing, base-load
fossil fuel power generation, and petroleum refining are the most affected,
showing substantial emission increases. Conversely, sectors such as
renewable-based electricity generation and high-tech manufacturing either
experienced a decline or only a marginal increase in emissions. These findings
suggest that sanctions not only impact Iran’s economy but also exacerbate
environmental degradation. Accordingly, the study recommends prioritizing
the removal of sanctions as a macro-level policy objective, enhancing
investment in oil extraction with modern technologies, expanding renewable
energy infrastructure, and supporting high-tech industries that demonstrate
greater resilience to sanctions and lower environmental costs.
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Introduction

Iran is concurrently grappling with widespread economic sanctions and
escalating environmental challenges. Among these, the impact of oil export
sanctions on carbon dioxide (CO:) emissions stands out as a critical concern.
This study investigates the extent to which sanctions, particularly those
reducing Iran's oil exports, exacerbate environmental degradation. Employing
a computable general equilibrium (CGE) model—specifically, the dynamic
GTAP-E-Power model—this study assesses CO: emissions under three
scenarios of oil export reduction: 60%, 65%, and 70%. The results reveal a
direct correlation between intensified sanctions and increased CO2 emissions,
emphasizing the environmental costs of economic isolation.

Methods and Materials

The study utilizes the GTAP-E-Power model, a dynamic extension of the
Global Trade Analysis Project framework, tailored to incorporate power
sector and energy-related emissions. This model facilitates the analysis of
environmental impacts resulting from shifts in economic and energy-related
variables. The analysis simulates three scenarios wherein Iran’s oil exports are
reduced by 60%, 65%, and 70%, respectively, over the period from 2019 to
2050. The model estimates CO- emissions across various economic sectors
under these constrained export conditions, comparing them to a baseline of
unrestricted oil trade.

Results and Discussion

The simulation results indicate a consistent increase in CO2 emissions within
Iran as oil export sanctions intensify. Specifically, emissions rise by an
average of 0.187%, 0.193%, and 0.197% in the three respective scenarios.
Conversely, sanctioning countries experience a decline in their own CO:
emissions, likely due to increased adoption of clean energy alternatives.

Sectoral analysis reveals that electricity production and distribution, low-
tech industries, fossil fuel-based power generation, and oil product
manufacturing are the most affected sectors. These sectors exhibit the highest
CO; emission increases, with emission intensity growing alongside the
severity of sanctions. In contrast, sectors relying on renewable energy and
high-tech industries display minimal or even negative emission growth,
highlighting their resilience.

Electricity generation using fossil fuels under base load conditions sees
annual average CO; increases of 0.602%, 0.641%, and 0.677%, while peak
load shows slightly lower increases. However, renewable-based electricity
generation demonstrates minimal or negative changes: +0.015% and +0.08%
in the first two scenarios, and -0.001% in the third.

Moreover, low-tech and medium-tech industries show significantly higher
increases in emissions than high-tech industries, which remain relatively
unaffected due to their access to advanced and efficient technologies.
Similarly, sectors such as mining, coal, agriculture, and services all show



7| Sadeghvand, et al.

rising CO: emissions under heightened sanctions, with the coal sector being
particularly sensitive.

Tablel. Percentage Change in Carbon Dioxide Emissions

Scenario 3: A 70% Reduction

Scenario 2: A 65% Reduction

Scenario 1: A 60% Reduction

Iran ROW Sanction Iran ROW Sanction Iran ROW Sanction e
0/257 0/001 -0/028 0/246 0/001 -0/026 0/234 0/001 -0/024 2019
0/204 0/002 -0/029 0/199 0/002 -0/027 0/191 0/002 -0/025 2020
0/184 0/003 -0/031 0/181 0/003 -0/028 0/176 0/003 -0/026 2022
0/184 0/005 -0/032 0/182 0/004 -0/03 0/178 0/004 -0/027 2024
0/193 0/006 -0/033 0/192 0/005 -0/031 0/188 0/005 -0/028 2026
0/207 0/006 -0/034 0/205 0/006 -0/032 0/2 0/006 -0/029 2028
0/218 0/007 -0/035 0/215 0/007 -0/032 0/21 0/006 -0/03 2030
0/222 0/007 -0/035 0/219 0/007 -0/032 0/214 0/006 -0/03 2032
0/223 0/007 -0/035 0/22 0/007 -0/032 0/213 0/007 -0/03 2034
0/222 0/007 -0/035 0/218 0/007 -0/032 0/211 0/007 -0/029 2036
0/217 0/007 -0/034 0/212 0/007 -0/031 0/206 0/006 -0/029 2038
0/209 0/006 -0/033 0/205 0/006 -0/03 0/198 0/006 -0/028 2040

0/2 0/006 -0/032 0/196 0/005 -0/029 0/189 0/005 -0/027 2042
0/187 0/005 -0/03 0/182 0/004 -0/028 0/175 0/004 -0/025 2044
0/168 0/004 -0/028 0/164 0/004 -0/026 0/158 0/003 -0/023 2046
0/142 0/003 -0/026 0/14 0/003 -0/024 0/135 0/003 -0/021 2048
0/113 0/003 -0/024 0/112 0/003 -0/022 0/109 0/003 -0/02 2050
0/197 0/005 -0/031 0/193 0/005 -0/029 0/187 0/005 -0/027 Avg

Source: Research findings
Table2. Sectoral Changes in Carbon Dioxide Emissions under Scenario 1: A
60% Reduction in Iran’s Oil Exports
H . 0,
Scenario 3: A 70% Reduction Scenario 2: A 65% Reduction Scenﬁggui'ﬁﬁfM Economic

Iran ROW Sanction Iran ROW Sanction  Iran ROW Sanction SEEOE
0/169 0/004 -0/03 0/239 0/006 -0/026  0/259 0 -0/027 1 agr
0/366 0/006 -0/035 0/263 0/007 -0/024  0/711  -0/003 -0/043 2 Mine
0/399 0/002 0/002 0/109 0/001 0/003 0/578 -0/002 0/004 3 coal
0/129 -0/008 0/002 0/122 -0/009 0/001 0/508 -0/012 0/004 4 oil
0/216 0/003 -0/016 0/33 0 -0/06 0/726  -0/018 0/003 5 gas
0/641 0/008 -0/059 0/5 0/007 -0/038 0/68 0/006 -0/059 6 oil_pcts
0/528 0/002 -0/017 0/549 0/005 -0/019  0/821  -0/005 -0/008 7 Low
0/355 0/002 -0/018 0/171 0/001 -0/014 0/676  -0/004 -0/015 8 Medium

-0/005 0/003 -0/014 -0/463 0/004 -0/016  0/195 -0/006 -0/006 9 High
0/617 0/001 0/013 0/582 0 0/018 0/596 -0/003 0/013 10 TND
0/602 0/001 0/004 0/625 0 0/004 0/545 -0/002 0/006 11 FBL
0/015 -0/001 0/014 -0/12 -0/002 0/016  0/159 -0/005 0/015 12 RBL
0/486 0/001 0/002 0/415 0/001 -0/002 0/491  -0/002 0/006 13 FPL
0/262 0/006 -0/044 0/069 0/003 -0/026  0/271 0/005 -0/044 14 serv

Source: Research findings
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Scenario 3: A 70% Reduction Scenario 2: A 65% Reduction Scenario 1: A 60% Reduction Economic
Iran ROW Sanction Iran ROW Sanction Iran ROW Sanction Sectors
0/178 0/005 -0/032 0/255 0/006 -0/028 0/276 0 -0/03 1 agr
0/396 0/006 -0/038 0/285 0/007 -0/027 0/769 -0/003 -0/047 2 Mine
0/425 0/003 0/003 0/113 0/001 0/003 0/624 -0/002 0/005 3 coal
0/14 -0/009 0/003 0/13 -0/01 0/002 0/555 -0/013 0/005 4 oil
0/24 0/003 -0/017 0/359 0 -0/064 0/795 -0/02 0/003 5 gas
0/68 0/009 -0/064 0/531 0/007 -0/042 0/725 0/006 -0/065 6 oil pcts
0/567 0/002 -0/018 0/59 0/005 -0/02 0/89 -0/006 -0/009 7 Low
0/384 0/002 -0/019 0/187 0/001 -0/015 0/735 -0/004 -0/016 8 Medium
-0/011 0/003 -0/016 -0/494 0/004 -0/017 0/21 -0/006 -0/007 9 High
0/658 0/001 0/015 0/621 0 0/019 0/639 -0/003 0/014 10 TND
0/641 0/002 0/005 0/668 0 0/005 0/582 -0/002 0/007 11 FBL
0/008  -0/001 0/016 -0/138 -0/002 0/018 0/172 -0/006 0/017 12 RBL
0/516 0/002 0/003 0/441 0/001 -0/002 0/524 -0/002 0/007 13 FPL
0/271 0/007 -0/048 0/069 0/003 -0/029 0/283 0/005 -0/048 14 serv
Source: Research findings
Table4. Sectoral Changes in Carbon Dioxide Emissions under Scenario 3: A
70% Reduction in Iran’s Qil Exports
Scenario 3: A 70% Reduction Scenario 2: A 65% Reduction Scenﬁrel(ci)ulc.tilgn@% Economic
Iran ROW Sanction Iran ROW Sanction  Iran ROW Sanction Sectors
0/187 0/005 -0/035 0/27 0/006 -0/031  0/292 0 -0/032 1 agr
0/425 0/006 -0/042 0/308 0/007 -0/029 0/826  -0/004 -0/051 2 Mine
0/45 0/003 0/003 0/116 0/001 0/003 0/67 -0/002 0/005 3 coal
0/151 -0/009 0/003 0/138 -0/01 0/002 0/603 -0/014 0/005 4 oil
0/265 0/003 -0/018 0/388 0/001 -0/071  0/867 -0/022 0/003 5 gas
0/714 0/009 -0/07 0/558 0/008 -0/046  0/767  0/006 -0/07 6 oil_pcts
0/605 0/002 -0/02 0/628 0/005 -0/022 0/959 -0/007 -0/009 7 Low
0/412 0/002 -0/021 0/204 0/001 -0/017  0/794  -0/004 -0/018 8 Medium
-0/02 0/003 -0/017 -0/527 0/004 -0/02 0/225 -0/007 -0/007 9 High
0/696 0/001 0/016 0/656 0 0/021 0/681 -0/003 0/015 10 TND
0/677 0/002 0/005 0/709 0 0/005 0/618 -0/002 0/007 11 FBL
-0/001 -0/001 0/017 -0/158 -0/001 0/019  0/184 -0/006 0/018 12 RBL
0/542 0/002 0/003 0/463 0/001 -0/002 0/557 -0/002 0/007 13 FPL
0/277 0/007 -0/052 0/066 0/003 -0/032  0/293  0/006 -0/052 14 serv

Source: Research findings

Conclusion
The findings underscore the substantial environmental costs of oil export
sanctions on Iran. Sanctions lead to increased reliance on carbon-intensive
industries and outdated technologies, thereby elevating national CO:
emissions. In contrast, high-tech sectors and renewable energy-based power

generation exhibit greater resilience.

Key policy recommendations include:
Prioritizing the removal of international sanctions to mitigate

environmental and economic damage.

Investing in oil product manufacturing with access to cleaner,
advanced technologies.
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— Expanding renewable energy sources in electricity production to
reduce fossil fuel dependency.

— Strengthening high-tech industries to enhance technological
resilience.

— Focusing development on sanction-resilient sectors, particularly those
capable of maintaining efficiency and environmental standards under
constrained conditions.

Strategic investments in clean technology and the facilitation of knowledge
transfer are vital to offsetting the negative environmental consequences of
continued sanctions.

Keywords: Economic sanctions, environmental consequences, computable
general equilibrium model, Iran.

JEL Classification: D58, F51, Q51
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