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Abstract: International conflicts cause global energy price fluctuations and supply disruptions, which
can threaten energy security and economic growth in energy-importing countries, including China.
However, the implications and impact mechanisms of international conflicts on the energy security
and economy of oil-importing countries have been poorly explored. Using US economic sanctions
on Iran as a case, a global energy-extended computable general equilibrium model, GTAP-E, is
employed to assess the impacts of international conflicts on China’s energy production, trade and
supply, sectoral outputs, and economic growth. The results indicate that the USA-Iran tension
would threaten China’s energy security, mainly due to the instability of the energy supply and
the consequent upsurge of energy prices. However, if increased oil exports from other Persian
Gulf countries compensate for the global oil supply shortages, China’s energy supply would be
generally assured. Moreover, because of the close energy cooperation links between Iran and China,
the sanctions could decrease the Chinese outputs of non-energy sectors and economic growth.
Nevertheless, compared with sole-sanction situations, the results from a possible USA-Iran tension
escalation, going as far as Iran’s closure of the Hormuz Strait, could pose a more serious risk to
China’s energy security and economic growth.
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1. Introduction

Energy security in energy-importing countries is being increasingly threatened by in-
ternational conflicts. Over recent decades, international conflicts among different countries—
such as the Persian Gulf War, the Ukraine crisis, the Iran-Iraq war, and the Color Revolu-
tions (e.g., the Rose Revolution in Georgia, the Orange Revolution in Ukraine, and the Tulip
Revolution in Kyrgyzstan)—have mainly focused on economic sanctions by influencing
energy prices and supply, and controlling energy transport channels [1-6]. For example,
the Ukraine crisis began with Russia’s annexation of Crimea, a Ukrainian territory [7,8].
Subsequently, the European Union (EU) imposed economic sanctions on Russia, which
significantly impacted Russia’s energy security. Russia, as a key source of energy imports
for Ukraine, then interrupted gas imports into Ukraine, which also threatened Ukrainian
energy security [9,10]. Complex international conflicts have also been seen emerging in
Iran—a global-scale oil and gas producer—which pose serious threats to the energy se-
curity of major energy-importing countries, such as China [11,12]. Economic sanctions
have become one of the most common trademarks of international conflict in Iran, which
consequently affect the global energy market [13,14].

Iran has been constantly under the shadow of economic sanctions from the US since
the 1970s [15,16], which have seriously damaged its economic growth [17,18]. In 2010,
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the US approved another round of sanctions against Iran, which imposed a heavy cost
on the Iranian economy [19]. Since 2011, strict economic sanctions have been imposed
on Iran’s economy by the US, the EU and other countries in an attempt to prohibit Iran’s
government from continuing the development of its nuclear weapons program [20]. The
persistently updated sanctions are targeted at Iran’s oil exports, which are a significant
source of revenues for Iran’s governments. After imposing a new round of sanctions on
Iran in 2016 and 2017, the US announced its withdrawal from the Joint Comprehensive Plan
of Action and banned its oil exports in 2018 [21-23], aiming to prohibit Iran’s development
of nuclear weapons [24,25]. This led other Persian Gulf countries, who own the largest
amount of spare oil production capacity [26], to increase production and exports in order
to address the gap in the global oil supply [5,27-29]. In an escalation situation, in order to
resist the US sanctions, Iran could harass—or even disrupt—oil transportation through the
Hormuz Strait, as it did during the Iran-Iraq War [30,31]. The original economic sanctions
and Iran’s potential counter-sanctions could combine to reduce the energy supply from
Iran and other Persian Gulf countries sharply, causing serious fluctuations to the oil supply
and prices in global energy markets [32,33].

Despite the persistent sanctions of the past decades, Iran has been a key oil sup-
plier to China, which makes China’s energy security vulnerable to the international
conflicts [34-37]. With the rapid growth of its economy and population, China’s demand
for energy products will continue to increase gradually, making it the largest oil importer
in the world. China’s oil imports increased from 22.62 million tons in 1996 to 536.3 million
tons in 2018, and the proportion of imports to the total Chinese o0il consumption increased
to 72.6% over this period [38]. Persian Gulf countries, especially Iran, have become the
most important source of China’s oil supply, thus playing an important role in assuring
China’s energy security. From 1996 to 2018, China’s oil imports from Iran increased from
2.31 million tons to more than 30 million tons, an increase of nearly 11 times (Figure 1).
The share of oil imports from Iran in China’s total oil imports has also shown a fluctuating
upwards trend, rising from 1% in 1996 to 5% in 2018. Iran has been involved in interna-
tional conflicts, such as the US economic sanctions, in the past decade, and this has posed
significant threats to China’s energy security and economic growth [39].
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Figure 1. Main sources of Chinese oil imports over the period 1996-2018. Source: UN Comtrade [40].

There are increasing numbers of studies that have examined the impacts of interna-
tional conflicts, and most of them focused on the economic sanctions aiming to strike the
economy of the target country [41-45]. The existing literature indicates that economic
sanctions can severely disturb economic activities in sanctioned industries, and can con-
sequently worsen the economic growth of the target country. Nakhli et al. [46] applied a
DSGE model to assess the impacts of oil sanctions on Iran’s economy and oil production,
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and showed that the sanctions reduced oil exports, deteriorated technology development
and foreign investment, and consequently destroy oil production. Iranmanesh et al. [47]
employed the fuzzy logic method and found that the sanctions have more severe eco-
nomic effects and consequences over time. Farzanegan and Hayo [48] suggested that the
international sanctions of 2012 to 2013 had a significantly stronger negative impact on the
growth rate of the shadow economy than the official GDP growth rate in Iran. Gharibnavaz
and Waschik [49] used a multi-regional computable general equilibrium (CGE) model to
suggest that the sanctions lowered Iran’s aggregate welfare and government revenues by
14-15% and 40-50%, respectively. Gharehgozli [50] proved that the sanctions imposed
during 2011-2014 reduced Iran’s real GDP by more than 17%, with the largest decrease
occurring in 2012.

Although the relationships between international conflicts, energy security and eco-
nomic growth have been widely discussed, gaps remain in the literature. First, most studies
have focused on the impacts of international conflicts on the countries targeted by the
sanctions, but collateral damage to the energy security and economic growth of other
stakeholders or third parties has been mostly ignored. Second, the previous studies that
assessed the impacts of international conflicts rarely explored the interactive behaviors
of the participants in those conflicts, which may lead to the over- or underestimation of
the impacts of the conflicts. Third, the actual impact mechanisms of international conflicts
on the energy security and economic growth of energy-importing countries have scarcely
been examined.

Taking note of the shortcomings listed above and using the USA-Iran tension as an
example, a global energy-extended computable general equilibrium (CGE) model, GTAP-E,
is applied in this study in order to evaluate the impact of international conflict on China’s
energy security and economic growth. This work contributes to the existing literature from
the following three perspectives: First, the impact mechanism of international conflicts on
the energy security and economic growth of energy-importing countries is comprehensively
investigated. Second, three illustrative scenarios, including fully implemented economic
sanctions, increasing oil exports from Persian Gulf countries other than Iran, and Iran’s
anti-sanctions measures, are developed in order to model possible responses by Iran and
other Persian Gulf countries after the application of sanctions. Third, in addition to the
impact of the sanctions on energy and the economy, impacts on non-energy sectors are
also examined.

The remainder of this paper is organized as follows. In Section 2, we use a literature
review to explore the impact mechanism of international conflicts on energy security and
economic growth, whereas the simulation model and scenario settings are introduced in
Section 3. Simulation results with respect to the impacts of the US-Iran conflict on China’s
energy security, non-energy sectors and economic growth are discussed in Section 4, with
conclusions and policy implications presented in Section 5.

2. Diagnosing the Impact Mechanisms

Using the USA-Iran tension as a case study, this paper explores the impact mechanisms
of international conflicts on energy security and economic growth. Economic sanctions,
which are one of the most common tactics used in international conflicts, can significantly
affect global energy supply chains by threatening the energy supply from energy-exporting
countries [51,52]. The US economic sanctions on Iran restricted and hindered various cross-
boundary economic activities, such as energy trade, the purchase of production equipment
and technology transfer, which reduced Iran’s energy production and decreased the energy
supply to the global market [53]. At the same time, freezing the financial assets disrupted
energy investments and other cooperation actions between Iran and its trading partners,
which also reduced Iran’s production capacity [54]. More seriously, the sanctions also
affected the energy supply of Iran and other Persian Gulf countries by interrupting energy
transport corridors and lowering transportation efficiency, which can cause some insurance
companies to refuse oil tanker insurance [55]. This shows that the disruption of energy



Sustainability 2021, 13, 6903

40f21

exports and transport corridor movements by using economic sanctions poses serious
risks to the global energy supply chain, and reduces the availability of energy products
to importers.

Economic sanctions can affect China’s energy security from three perspectives: price,
supply and import source [56-58]. With respect to energy prices, the USA-Iran tension
could reduce Iran’s capacity to supply oil, while causing increased global oil prices. Then, if
Iran escalates the conflict by blockading the Hormuz Strait in retaliation, the oil production
and export from all Persian Gulf countries could be greatly restricted, making oil prices rise
more sharply, resulting in insufficient supply to the global oil market. Due to China’s high
dependence on foreign oil supply, the impact of increasing oil prices on energy security
will be very clear. In addition, the costs of other energy sources in China would rise
with the increasing oil prices, which could also affect energy security [59,60]. In terms of
energy supply, China’s supplies, especially oil imports, would be affected by the conflict.
Disrupting the oil supply chain with sanctions would directly reduce China’s oil imports
in the short term, because China has close energy cooperation agreements with Iran [61,62].
Sanctions could also reduce China’s investment in energy assets in Iran in the longer run,
which could indirectly affect China’s energy import sources as well [63]. In addition to
changing the energy supply and prices, economic sanctions could also affect China’s energy
trading partnerships. This occurs when, due to the unavailability of energy products from
Iran or other Persian Gulf countries, China ends up requiring a significant amount of
time to develop new import sources, shifting its trading partnerships to other countries
that have spare oil production capacity, such as Saudi Arabia, Kuwait, Iraq, Russia, or
Venezuela [64,65].

The energy insecurity resulting from international conflicts could damage China’s
economic growth by reducing its consumption, investment and total exports [36,40,66].
First, energy supply shortages and price fluctuations could severely disrupt the activity of
Chinese enterprises, leading in turn to employment and labor income reductions [67,68],
thus reducing public disposable income levels, causing decreased consumption [40,69].
Second, the sharp rises in energy prices would increase enterprise production costs and
lower investment return rates, which, in turn, would reduce the total investment [70].
Fluctuations in energy prices and unstable energy supply could also erode investor con-
fidence, leading to further reductions in investment [71-73]. Third, oil supply shortages
indirectly reduce the output of the downstream sectors in the energy supply chain, such as
construction and heavy manufacturing [69,74], while rising energy prices worsen China’s
terms of trade and reduce the competitiveness in the global market, decreasing China’s
total exports [75,76]. Therefore, international conflicts have the potential to eventually
damage Chinese economic growth by affecting its energy security.

3. Simulation Model and Scenario Design
3.1. GTAP-E-Model

In this study, a multi-region, multi-sector CGE model (GTAP-E), developed at Purdue
University, USA [77], was used to assess the impact of the US-Iran tension on Chinese
energy security and economic growth. With a long history of systematic improvements,
the GTAP-E model has been widely used to analyze the effects of changes in energy
production, international trade and climate [78-81]. There is an emerging body of literature
that employs global CGE models, including the GTAP model, to study the impacts of the
international conflict [49,82,83]. The US and Iran are important players in the international
energy trade, strongly influencing global oil prices. The assessment of the USA-Iran tension
requires the utilization of a global economic equilibrium model to quantify the impacts
on countries” energy and economy. In operation, the GTAP-E model captures the direct
impact of international conflicts on the energy trade in the target country, and the indirect
impacts of price fluctuations on other energy trading partners.

The theoretical framework of the GTAP-E model is introduced in Truong [84], where
it is assumed that the market is completely competitive, and that there are constant returns
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concomitant with the scale of production. The model assumes that cost is minimized by
producers, utility is maximized by consumers, and all countries or regions are connected
through bilateral trade in commodities/services. The GTAP-E model comprises many
mathematical equations which precisely describe the economic activities associated with
production, consumption, investment and trade.

In the GTAP-E model, the nested constant elasticity of substitution functions (CES) is
used to describe substitutions between different inputs for each production sector, with
producers determining the optimal input based on the principle of cost minimization. For
the top-level nest in the production structure, the output from each firm is a combination of
intermediate goods and value-added-energy inputs, as depicted by the Leontief function.
Value-added-energy inputs include energy capital and other primary factors through a CES
structure operating at the second nest. At the bottom nest, the sources of intermediate goods
include domestic and imported goods according to the Armington assumption, suggesting
that domestically produced goods and imported goods have incomplete substitution [85].
On the consumption side, the model assumes the separation of private consumption
from government consumption (the consumption by households of publicly provided
goods) and private savings. Government consumption expenditure is then assumed to be
Cobb-Douglas with respect to all commodities. Household private consumption—that is,
the consumption of private goods—is assumed to be structured according to a “constant
difference of elasticities” (CDE) functional form.

The detailed nested structure of the capital-energy composite for production sectors
in the GTAP-E model can be seen in Figure 2. At the top of the nested structure, the capital—-
energy commodity is comprised of capital input and composited energy consumption in
production sectors, depicted by the CES function with a substitution elasticity (ckr) of 0.5,
for most industries. At the lower level, the energy composite commodity is separated into
electrical and nonelectrical energy, with a substitution elasticity (cgnEer) of 1.0. Nonelectrical
energy is composed of coal and non-coal energy, with a substitution elasticity (ongry) of
0.5. Then, the commodity of non-coal energy is divided into gas, oil and petroleum
products, and a substitution elasticity (cncor) of 1.0 is applied. At the bottom, the demand
for electricity, coal, gas, oil and petroleum products in the nest follows the Armington
assumption, which implies that composited energy inputs can achieve only incomplete
substitution between domestic and imported products; that is, they differ according to the
production location.

Capital-Energy Composite
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Figure 2. Nested structure of the capital-energy composite for production sectors in the
GTAP-E model.

3.2. Data and Closure

In order to establish the GTAP-E model database, this paper used the latest database
version (V10), based on input-output tables for 141 countries/regions across the world,
with a base year of 2014. The original GTAP database contained 65 production sectors and
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five primary factors (land, capital, skilled labor, unskilled labor and natural resources).
In order to facilitate the simulation and analysis, we aggregated the 141 original coun-
tries/regions into 19 regions, covering the major oil-exporting and -importing countries,
such as Iran, other Persian Gulf countries, China, India, Korea and Japan (see Appendix A
Table A1). The 65 production sectors were aggregated down to 14, covering the major up-
stream and downstream aspects of energy production sectors (Appendix A Table A2). The
five primary factors were aggregated into land, labor and capital. The data on the substitu-
tion elasticity among different types of energy were taken from the GTAP-E model database,
whereas the Armington elasticity values were obtained from the GTAP V10 database.
This paper adopts a standard, long-run macroeconomic closure to study the impact of
the US-Iran conflict. Adopting this closure involved the following key assumptions. In the
labor market, aggregate employment remains unchanged, and real wages are endogenous.
In the capital market, capital stocks are free to change in such a way that fixed rates of return
are maintained. Aggregate investment follows the aggregate capital stock. Household and
government expenditures move together to accommodate balance-of-trade constraints.

3.3. Policy Scenarios

In order to examine the impact of the USA-Iran tension on Chinese energy security
and economic growth, three illustrative scenarios were established (Table 1). Scenario 1
(S1) involved the US establishing a complete embargo on Iranian oil exports, reducing
them to zero. As the international conflict between the US and Iran deteriorates, the
bilateral conflict gradually evolves into a multilateral situation involving other Persian
Gulf countries. In scenario 2 (52), other Persian Gulf oil producers make full use of their
spare capacity to increase oil production, compensating for the gap in the global oil supply.
It has been estimated by the International Energy Agency that, in 2018, OPEC members
had 3.30 million barrels/day in spare oil production capacity, of which over 70% belonged
to Saudi Arabia, with the remainder belonging to Kuwait, the UAE and Iraq [86]. Using the
spare oil production capacity could increase the oil production by Persian Gulf countries
other than Iran by 12.62%, from the level of 25.35 million barrels/day in 2017. In scenario
3 (53), Iran closes the oil tanker transport corridor through the Hormuz Strait, the most
important route for oil exports from Persian Gulf countries, as a countersanctions action.
In this scenario, it is assumed that if Iran harasses vessels transiting the Hormuz Strait with
military force, Persian Gulf country oil exports would fall by 30%.

Table 1. Summaries of policy scenarios after US sanctions are imposed on Iran.

Policy Shocks Scenario 1 Scenario 2 Scenario 3
Complete embargo on Iranian oil exports v v v
Compensatory 12.6% production increase J
from other Persian Gulf oil producers
Hormugz Strait closed, and Other Persian Y.

Gulf country oil exports reduced by 30%

4. Results
4.1. Impacts of International Conflict on Chinese Energy Security
4.1.1. Impacts on the Output, Price and Trade of Energy Sectors in China

Table 2 suggests that the USA-Iran tension has limited impacts on the output, price
and trade of each energy sector in China, provided that other Persian Gulf countries could
increase oil exports through the Hormuz oil transport corridor.
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Table 2. Changes in the output, price and trade in Chinese energy sectors under the three scenar-
ios (%).

Coal Oil Gas Petroleum  Electricity = Gas supply
Scenario 1
Output —0.272 2.520 0.187 —1.138 0.034 —0.294
Price 0.073 0.710 0.313 0.977 0.062 0.300
Import —0.382 —1.224 —0.076 4.907 0.639 6.120
Export —0.015 —0.749 0.360 —2.910 —0.303 —6.969
Scenario 2
Output —0.029 —1.793 2.940 —0.122 —0.073 —0.063
Price —0.073 —0.506 0.010 —0.670 —0.057 —0.199
Import 0.145 2.747 —0.285 6.143 1.102 5.135
Export —0.096 —6.515 17.080 —2.554 —0.899 —4.875
Scenario 3
Output —1.244 16.609 —9.588 —5.187 0.343 —1.027
Price 0.480 4.795 1.158 6.494 0.372 1.819
Import —2.305 —5.067 1.701 4.944 —0.713 9.489
Export —1.475 15.023 —40.868 —11.182 1.247 —13.401

Source: GTAP-E model simulation.

Under 51, the sanctions would lead to increased oil, gas and electricity outputs, and
decreased coal, petroleum products and gas supply outputs. The full embargo on Iran’s
oil exports would decrease China’s oil imports (by 1.224%) and raise domestic oil prices
(by 0.710%), which consequently stimulates its own oil production (2.520%) and leads to
oil export reductions of 0.749%. Affected by the decrease in oil exports, the demand for
gas (as an alternative to oil) would likely increase globally, causing China’s gas exports
to increase slightly (0.360%), leading to higher domestic gas prices (0.313%) and output
(0.187%). These increased domestic prices for oil and gas would inevitably lead to higher
costs for energy use in the main downstream sectors, leading to the outputs of petroleum
products and gas supply decreasing by 1.138% and 0.294%, respectively. Electricity prices
could be expected to rise slightly (0.062%), along with fossil fuel-derived energy prices,
increasing electricity output by 0.034%.

In S2, the availability of oil exports from other Persian Gulf countries (the most
important oil exporters in the world) largely alleviates the shock of sanctions on the output
and price of most Chinese energy sectors. When Iran’s oil exports are fully embargoed,
increased oil exports from other Persian Gulf countries would effectively increase oil
imports (2.747%) and reduce oil prices (by 0.506%) in China, thus leading to a significant
decline in output (by 1.793%) and export (by 6.515%) from the oil sector. This decrease
in petroleum products exports is lower than that predicted under S1, but the increases
in petroleum product imports are much higher. With lower oil import prices affected by
the increase in oil exports from other Persian Gulf countries, China could be expected to
increase its imports of oil and petroleum products, buffering the import reduction caused
by sanctions. Meanwhile, the model predicts that petroleum products and gas supply
outputs would decrease by 0.122% and 0.063%, respectively, accompanied by a slight
decrease in their prices. The output of gas would increase significantly (2.940%) because of
the large increase in gas demand from other countries; that is, under S2, gas exports can
be expected to rise by 17.08%. In contrast, due to the decreasing oil prices, the coal and
electricity price and output would experience slight reductions.

Under S3, when oil exports from Persian Gulf countries decrease, the global oil price
could be expected to rise more sharply, and the output, price and trade for each energy
sector (excluding electricity) would fluctuate significantly. Under this scenario, oil export
reductions from Persian Gulf countries not only lead directly to decreased Chinese oil
imports but also to increased global oil prices, indirectly lowering China’s oil imports.
Affected by this sharp decrease in oil imports (5.067%), China’s domestic oil price (4.795%)
and output (16.609%) would increase significantly. Moreover, China would experience a
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substantial increase in oil exports (15.023%) stimulated by rapidly rising global oil prices.
In contrast, gas output is expected to decline significantly (by 9.588%) based on the large
decrease in gas exports (—40.868%). Driven by increased production costs and decreased
imports, coal, petroleum products and gas supply outputs could decrease by 1.244%,
5.187% and 1.027%, respectively. Nevertheless, under S3, the output of the electricity sector
increases by 0.343% because its price increases by 0.372%.

4.1.2. Impacts on the Supply of Chinese Energy Sectors

By influencing China’s energy output and trade, the US-Iran tension leads to a change
in the energy supply, threatening the energy security in China. For each energy format,
supply is equal to the sum of domestic production and net imports (imports minus exports),
which is calculated using Equation (1):

Xsupply = Xproduction + Ximport - Xexport (1)

where Xgyppiy, Xproductions Ximport and Xexport represent the supply, production, import and
export of energy, respectively. By linearizing Equation (1), the percentage changes in energy
supply can be calculated, as shown in Equation (2):

Xsupply = Sproduction X Xproduction + Simport X Ximport — Sexport X Xexport (2)

where Xsyppiy, Xproductions Ximport aNd Xexport represent the percentage change in the supply,
production, import and export of each energy format, respectively. Sy omuctions Simport and
Sexpm represent the proportions of production, imports and exports in the supply of each
energy source. Equation (2) allows us to see that the percentage change in the energy
supply depends not only on the percentage change in production, imports and exports but
also on the relative proportions of these in the supply equation for each energy sector.

The simulations suggest that sanctions would have a negative impact on supply for
most energy sectors, but the reasons for the supply reduction in each differ significantly
(Table 3). In general, China’s oil and gas sector supplies depend on imports, whereas the
supplies of coal, petroleum products, gas and electricity are mainly dominated by the
domestic outputs from their respective sectors.

Table 3. Changes in the supply of the Chinese energy sector under various scenarios (%).

Sector Scenario 1 Scenario 2 Scenario 3
Coal —0.287 —0.006 —1.379
QOil —1.033 —0.154 —4.391
Gas —0.038 —0.392 1.208
Petroleum products -0.733 0.332 —4.344
Electricity 0.036 —0.069 0.339
Gas supply —0.103 0.082 —0.692

Source: GTAP-E model simulation.

Under S1, a full embargo on Iranian oil exports would decrease the supply of products
from most energy sectors (except for electricity), thereby seriously threatening China’s
energy security. The oil supply would experience the largest decline (1.116%), being directly
affected by decreased Chinese oil imports from Iran. As 82.49% of China’s gas comes from
imports, the overall supply of gas would decrease to 0.044% with a 0.076% decrease in gas
imports. Domestic coal, petroleum products and gas supply would decrease by 0.288%,
0.687% and 0.103%, respectively, due to their declining outputs. The electricity supply
would increase slightly, by 0.036%, mainly because of the increase in domestic output.

Under S2, the negative impact of sanctions on the supplies of most Chinese energy
sectors could be largely offset. The net supplies of 0il, coal, gas and petroleum products
would increase by 0.115%, 0.004%, 0.082% and 0.382%, respectively. However, the supply
of gas becomes further reduced, by 0.569%, which indicates that using spare oil production
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capacity from other Persian Gulf countries cannot compensate for the gas supply shortage
caused by the conflict. With less electricity output, the electricity supply would decrease
to 0.069%.

The supply of most energy products in China would fluctuate significantly in the
situation in which oil exports from other Persian Gulf countries are reduced (53), with the
oil supply (down by 4.869%) being the most negatively affected. Supply in the gas sector
would increase by 1.669%, however, mainly because of rising imports. Compared to S1 and
S2, the supply of petroleum products (down 4.250%), coal (down 1.379) and gas (—0.