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Abstract

Energy subsidies are used in many countries, but their negative impacts are gradually being
recognised. At the same time, energy price fluctuations may also have a negative influence on
different sectors in China. In this study, we estimate the value of the energy subsidies and show
that China’s total energy subsidy in 2010 was around CNY1,929.65 billion, accounting for 4.7 % of
the country’s gross domestic product. Taking the iron and steel industry as an example, we analyse
the impacts of removing the energy subsidy on industry competitiveness, emissions, welfare, and
technology diffusion. We also analyse the joint impacts of removing the energy subsidy and
implementing an emissions trading system. The results show that removing the energy subsidy
would reduce CO; emissions and increase social welfare. However, when combined with an
emissions trading system, not all sectors would profit from the policy combination. Removing the
energy subsidy would at the same time reduce the equilibrium CO; price.
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1. Introduction

Energy in an important input for economies and many human activities. Subsidies for energy
production and utilisation are one of the most common forms of policy intervention, both in
industrialised countries and developing countries. Government intervention in energy policies
affects the supply and demand of energy, as well as final energy prices, and has an important
influence on economic growth and development. Energy subsidies can be divided into
producer subsidies and consumer subsidies. Producer subsidies appear when the producer
price is higher than the price with no subsidy; consumer subsidies appear when the consumer
price is lower than the free market price. Consumer subsidies can be divided into two types.
The first is pre-tax consumer subsidies, which arise when the energy subsidy paid by
consumers, for example, firms and households. The second is post-tax consumer subsidies,
which arise when the price paid by consumers is below the supply cost of energy plus an
appropriate Pigouvian tax, which reflects the environmental damage associated with energy
consumption (Coady et.al, 2015). Generally speaking, developing countries subsidise
consumers, and industrialised countries subsidise producers. However, no matter the form of
the energy subsidy, both result in energy prices not reflecting the true cost of supply or
consumption. A low consumer price results in overuse, inefficient use, and wasting of energy.
A higher producer price encourages excessive production, high-cost operations, and
discourages competition. Energy subsidies lead to capital- and energy-intensive (not labour-
intensive) production patterns, increase the financial burden of the government, result in
higher taxes, and at the same time bring higher levels of external debt. These effects have
negative impacts on economic output and growth (Zhuang 2006). To sum up, the negative

impacts of energy subsidies are mainly the following:

(1) Energy subsidies damage the environment, lead to more premature deaths, cause heavier
congestion and negative effects of vehicle operation, increase greenhouse gas emissions,

and contribute to increasing air pollution.

(2) Energy subsidies require huge fiscal expenditure, which needs to be borne by funded by
increased government debt and taxes. At the same time, they can detract from public
expenditure on education, healthcare, infrastructure, and so on, and hinder rapid economic

development.

(3) Energy subsidies can inhibit investment in energy efficiency, renewable energy, and energy
infrastructure, and reduce a country’s ability to respond to international energy price

fluctuations.

(4) Energy subsidies are an inefficient way of providing support to low-income families because

most of the benefits that come from energy subsidies are enjoyed only by richer families.
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Energy subsidies reform is still one of the hottest issues in the field of energy policy. More
governments are recognising the negative environmental, financial, macroeconomic, and

social consequences of subsidies, and reforms are urgently needed.

At present, there are several methods of estimating the scale of energy subsidies. They are (1)
the price-gap method, (2) snapshot method, (3) producer subsidy equivalent method, (4)
consumer subsidy equivalent method, (5) specific item method, and (6) effective subsidy rate
method. The price-gap method is the most commonly used method. The basic idea behind it
is that energy subsidy policies decrease the consumer price so that it promotes the energy
consumptions, so we can measure the size and effectiveness of energy subsidies through
calculating the gap between the consumer price of energy products and the price of the no

subsidy and no market reference price.

The basic formula for the price gap is as follows:

PG =M, -P (1.1

ES, =PG, xC. (1.2

F’Gi is the price gap of energy product i, M is the guide price of energy product i, P,is the
terminal consumer price of energy product i, ESi is the energy subsidy of energy product j,
and Ci is the total consumption of energy product i.

Removing an energy subsidy affects the price of the energy product and then its total

consumption. Referred to Li (2011), this could be expressed as:

g=P° 13
AQ=Q,-Q, (14

INQ, =ex(INF,=InRk)+InQ, (1.5

( is the energy product consumption, & is the long-term demand price elasticity of energy,

Aq is the change in energy consumption after removing the energy subsidy, Qo and Ql is

the energy consumption before and after removing the energy subsidy, and P0 and Plare

energy product prices before and after removing the energy subsidy. Using formulas (1.1)-
(1.5), we can calculate the amount of the energy subsidy, and the effect on energy

consumption resulting from removing the energy subsidy.

63



Using the price-gap method to examine energy subsidies has many advantages. First, the
method is intuitive, its calculation process is relatively simple, and there is good data
availability. As a result, it is widely used around the world. It can also be used for research on
cross-border energy subsidies. Secondly, the price-gap method focuses on the effect the
energy subsidy on consumption. Thirdly, the method aims directly at the price, so combined
with price elasticity we can analyse the effect of removing the energy subsidy on economic

efficiency and greenhouse gas emissions.

The price-gap does, however, have some limitations. First, the price-gap method can only
estimate the consumer energy subsidy, not the producer energy subsidy. Second, the method
can only estimate the net price effect of the energy subsidy, and ignore that part of the energy
subsidies that have no impact on the market, , such as market transformation, invisible
subsidies, and so on. Additionally, the method cannot estimate all the efficiency losses related
with the government subsidy policy, meaning it is not able to capture all information on the
subsidy, so can only estimate a part of the total energy subsidy. Third, the price-gap method
assumes that other factors remain unchanged, so it can only estimate the static effects, not
the dynamic effects. Fourth, the method cannot be applied to all situations. For example, if
there are mixed energy subsidies, the price-gap method does not reflect the true scale of the
subsidies. Finally, due to the discrepancies of the reference price of the world, the estimation
of energy subsidy scale usually had a big difference. Through detailed descriptions of the
various fossil energy subsidies, we calculate the total fossil energy subsidy amount for China
in 2010, as shown in Table 4.1. We consider only thermal power when calculating the
electricity subsidies. Using the average price of residential electricity and industrial electricity
we can obtain the terminal consumption price. For electricity consumption, because the coal
that used in the thermal power has caculated in coal consumption, so when we calculating the
energy subsidy of electricity we only consider the electricity that generated from renewable

source, which is about 20% of the total power generation.

Table 4.1 shows that China’s total energy subsidy in 2010 was about CNY1,929.65 billion and
GDP was around CNY40,890.30 billion, so the total energy subsidy accounted for 4.7 % of GDP.
The coal subsidy is the highest, which accounted for 1.97 % of total GDP. Because in table 4.1
we only calculated the energy subsidies for the major energy, so the total amount of energy

subsidy would be a underestimated value.
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Table 4.1. China’s Energy Subsidies, 2010

Base Final Price Consumption Energy Proportion
price consumption gap (billion Subsidy of GDP (%)
(CNY) price (CNY) (CNY)  tonnes/m3/kWh) (CNY
billion)
Coal
988.80 731.30 257.50 3.12 804.01 1.97
(CNY/tonne)
Gasoline 7,799.50 6,464.10 1,335.40 0.07 91.96 0.22
Kerosene 7,209.30 5,548.20 1,661.10 0.02 28.97 0.07
Fuel oil 6,893.70 3,935.50 2,958.20 0.04 111.17 0.27
Diesel oil 4,134.50 5,800.00 1,665.50 0.15 249.83 0.61
Natural gas
3.41 2.35 1.06 107.58 114.03 0.28
(CNY/m3)
Electricity
1.03 0.79 0.34 875.23 297.58 0.73
(CNY/kWh)
Total 1,929.65 4.72

GDP = gross domestic product, kWh = kilowatt hour.
Source: Authors.

2. Sectoral Effects of Removing the Energy Subsidy

Some Chinese scholars have studied the impacts of removing energy subsidies on various
sectors. Li (2011) analysed the impacts of the energy subsidy reform on the urban residential
sector and selected seven representative areas for the research sample. They used an input-
output model to analyse the difference in effects on different urban residential areas from the
perspectives of climate conditions, energy consumption levels, and regional income levels, and
proposed fossil energy subsidy reform measures that are climate oriented, structure oriented,
and income oriented. Zhou, Zhao, and Sheng (2011) analysed the mechanism of China’s energy
subsidy policy to improve the competitiveness of China’s export products and carried out an
empirical analysis of 22 sectors’ energy subsidies for export products. They found that China
is an energy exporting country, and energy intensive products accounted for a relatively high
proportion of exports. . Around 10 % of the total energy subsidy is subsidised to foreign

consumers, so the country has a trade surplus as well as serious ecological deficits.

Previous studies have mostly paid attention to the amount of fossil energy subsidies or the
energy subsidy situation in specific areas. However, there has been little attention on the
sector-level impacts, especially energy-intensive sectors, such as the residential sector. It is
meaningful to study the impacts of energy subsidies on particular sectors, as downstream
sectors are affected by the energy price. In this chapter, we take China’s highly energy-
intensive sectors as examples to study the impacts on downstream sectors of energy subsidy

reforms.
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2.1. Impact of the Energy Subsidy Reform on China’s Energy-Intensive Sectors: Example of

the Iron and Steel Sector

Energy subsidy reforms directly affect the energy price, and energy price fluctuations
consequently have direct effects on several sectors. The energy saving cost curve and the
emission reduction cost curve are important tools for examining the energy saving and CO;
emission reduction of sectors. At the micro level, we can use the abatement cost curve to
analyse the cost-effectiveness of technologies; at the macro level, we could use the abatement
cost curve to analyse the production behaviour and economic effects on sectors. In this
chapter, we analyse the impacts on China’s energy-intensive sectors after an energy subsidy

reform using a micro-level abatement cost curve.

2.2. Abatement Cost Curve of China’s Iron and Steel Industry after the Energy Subsidy

Reform

Because the main energy sources in the iron and steel industry are coke and electricity,
fluctuations in the price of coal and electricity will be passed on to the iron and steel industry

after the energy subsidy reforms. We choose the energy price in 2010 as the base price.

Based on our calculations, the price-gap of coal is about CNY257.5/t. If we assume 6,500
kilocalories of coal is used in the iron and steel industry, the price gap is about
CNY9.45/gigajoule (GJ). The price gap of electricity is about CNY0.24/kilowatt hour (about
CNY66.67/G)). Reflecting this in the abatement cost of the iron and steel industry, we get a
new abatement cost curve, as shown in Figure 4.1 (the original abatement curve refers to Li
and Zhu [2014]).

The energy cost increases after the energy subsidy reform, so the energy-saving technologies
would be more cost-effective. . Under the base scenario, there are 25 cost-effective
technologies, which would bring 3.89GJ in cumulative energy savings. After the energy subsidy
reform, the number of cost-effective technologies increases to 28, and the cumulative energy
savings increases to 4.05GJ, or by 4.1 % compared to the baseline scenario. This means
removing the energy subsidy would increase the cost-effectiveness of energy-saving
technologies and promote the diffusion of energy-saving technologies. Comprehensive energy
costs increase from CNY110.22/GJ to CNY136.84/GJ after removing the energy subsidy, an
increase of 19.45 %. However, the cumulative energy savings resulting from cost-effective
technologies only rise by 4.1 %. That is, the comprehensive rise in energy costs do not bring
matching energy saving effects. The energy savings increase caused by removing the energy

subsidy is relatively low compared with the rise in energy prices.
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Figure 4.1. Energy Saving Cost Curve for the Iron and Steel Industry after an Energy
Subsidy Reform with a 20 % Discount Rate
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The CO; abatement cost curve of the iron and steel industry after the energy subsidy reform

is shown in Figure 4.2.

Figure 4.2. CO, Abatement Cost Curve for the Iron and Steel Industry after an Energy
Subsidy Reform with a 20 % Discount Rate
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Because of the increase in the energy price after the energy subsidy reform, the CO,
abatement cost also decreases. We assume the CO, price is CNY100/t, or CNY0.1/kg. Under
the base scenario, there are 25 cost-effective technologies and the cumulative CO; abatement
is 365.73kg of CO,. The number of cost-effective technologies increases to 28 after removing
the energy subsidy. The cumulative CO, abatement caused by the cost-effective technologies
is 382.48kg of CO,, or an increase of 4.6 % compared with the baseline scenario. For those not
cost-effective technologies, the CO, abatement cost also decreased. The energy saving cost
and the CO, abatement cost of China’s iron and steel industry all decrease after the energy
subsidy reform, and there are more cost-effective technologies as well as more cumulative
energy savings. Energy subsidy reform can increase the cost effectiveness of energy
conservation and emission reduction technologies and promote the adoption of better

technologies in the industry.

2.3. Impacts of the Energy Subsidy Reform on the Competitiveness of Energy-Intensive

Sectors: Example of the Iron and Steel Industry

After the year 2000, many industries began to show an oversupply situation with shrinking
demand. Taking the iron and steel industry as an example, in 2009, China’s crude steel
production reached 568 million t, which was the highest in the world. The iron and steel
industry is a high pollution and high emission industry, and the industry’s energy consumption
accounted more than 15 % of total domestic energy consumption in 2010. Because of the high
proportion of Basic Oxygen Furnace (BOF)?}, the coal demand of China’s iron and steel industry
is also higher than the world average level (Ministry of Industry and Information, 2012). The
average energy consumption of China’s iron and steel industry is higher about 15 % compared
with the world advanced level. This has led to greater energy waste and increases in emissions.
From the perspective of industry operations, because of the single product category and low
added value, the homogeneous competition phenomenon is more serious in China’s iron and
steel industry. The profit margins of the industry are generally low. In addition, due to the
influx of many investments, the iron and steel industry is also facing a situation of excess

production capacity.

Subsidies included in the energy price have made the energy costs of China’s production
sectors relatively low, and have led to low energy efficiency and severe environmental
pollution. After an energy subsidy reform, the energy cost would increase, which would lead
sectors’ total costs to increase. For industries with low profits (like the iron and steel industry

and the cement industry), the increase in cost would lead to further profit declines.

Referring to Demailly and Quirion(2008), the competitiveness loss mainly comprises two

aspects: one is the production loss, the other one is profit loss. In this study, we also consider

1 The proportion of BOF in 2003 was 82.40 %. This increased to 93 % in 2013. During the past 10 years, the ratio

of BOF to EAF in the world is about 7:3.
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the domestic production and the net export change.
2.4. Models
(1) Demand function

Demailly and Quirion (2008) established a two-country, two-goods model to research the
impacts of the European Union’s (EU) Emissions Trading Scheme (ETS) on its iron and steel
industry. We establish a partial equilibrium model of China’s iron and steel industry based on

Demailly and Quirion (2008). We first assume the demand functions are expressed as:

Q. (P, Py) =, P P (2.1)
Q,(p,.p;) =, pl p{* (2.2)
Q. (P, P,) =, P P (2.3)

Qi (P, B9 Prip (2.4)
Qh is domestic demand, QX is export demand, Qm is import demand, and Qy is foreign
demand. P, is the domestic selling price that produced by the home country, P, is the
import price, P, isthe export price, and Py is the foreign selling price of foreign goods. &, ,
a,, Q,, &;onbehalfoftheirown price elasticities; 7> M T » xt » Mox s Mo »

N« > Mg on behalf of cross elasticities. Negative elasticities and positive cross elasticities

indicated that the goods that produced by the home country could be replaced to some extent

by the import goods.
(2) Description of the price change

The product cost would change after an energy subsidy reform. The change in the domestic

market is as follows:

p: = pY + PT, (ce(re) +ce(ua)) (2.5)
pﬁ is the product price after the energy subsidy reform, p,? is the product price before the
energy subsidy reform, PT, is the pass-through of the domestic market, ce(re) is the energy

price increase caused by the energy subsidy reform, and ce(ua) is the energy saving and CO;

abatement cost by applying the energy-saving technologies.
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Also, the export price would change as shown.

p. = py +ce(re)+ce(ua) (2.6)
pﬁ is the export price after the energy subsidy reform, pﬁis export price before the energy

subsidy reform, and PT, is the pass-through of the export market.

Import price p; and foreign price plf are not influenced by the energy subsidy reform. They

are shown as follows:
P = Po. Py =P}
The change in total profit is
IT=p, xQ, + p, xQ, —(ce(re) +ce(ua)) x(Q,+Q,) (2.7)
Q, is the domestic product amount and Q, is the export product amount.

The abatement cost curve, AC, is the integral of the marginal abatement cost curve, MAC:

AC= j MACdua (2.8)
0

We set three barrier scenarios — the no barrier scenario, the low barrier scenario, and the high
barrier scenario — to express the impacts on the abatement cost of different technology
adoption barriers. The CO, abatement cost curves considering the adoption barriers are shown

in Figure 4.3 and Figure 4.4.
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Figure 4.3. CO; Abatement Cost Curve Considering Adoption Barriers
(20 % Discount Rate)
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For the no barrier, low barrier, and high barrier scenarios, the impacts of the key factors after

the energy subsidy (compared with the no energy subsidy situation) are shown in Figure 4.4.

Figure 4.4. Impacts of the Energy Subsidy on Key Factors (No Barriers, Low Barriers, and High

Barriers)
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In the no barrier scenario, removing the energy subsidy would increase domestic production
and decrease net exports. At the same time, from the perspective of industry competitiveness,
profit and net exports increase after removing the energy subsidy compared with the base
case. That is, using energy-saving technologies increases the cost of energy intensive sectors,
but does not necessarily harm the profits of the industries. Regarding CO, emissions, total CO,
emissions decrease significantly after using energy-saving technologies, however, due to the
production increase, the total emissions for the sector are higher after removing the energy

subsidy.

When increasing the barriers, the impacts of energy subsidy on the key factors are not
remarkable, almost all key parameters had not obviously change. . At the same time, in the
low barriers and high barriers scenarios, the profit and net exports decrease. Reducing the

adoption barriers of the energy-saving technologies at the same time as removing the energy
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subsidy would not lead to a profit loss when adopting the energy-saving technologies for the

energy intensive sectors.

3. Effect of Removing the Energy Subsidy after the Implementation of the
Emissions Trading Scheme

Market-oriented carbon emissions trading mechanisms have been the focus of many scholars
in recent years. The world’s largest carbon emissions trading system at present, the EU’s
Emissions Trading Scheme (ETS) has played an important role in meeting the EU’s emissions
reduction targets. As a complete system, a carbon emissions trading mechanism is
complicated to implement as it needs to consider the CO, emissions target, the quota
allocation method, the banking and borrowing mechanism, the recycling use of the CO; profit,

and so on.

3.1. Research Background

China has established seven carbon emissions trading pilots in Beijing, Shanghai, Tianjin,
Chongqing, Hubei, Guangdong, and Shenzhen to further control its greenhouse gas emissions.
It is planning to establish a national unified emissions trading market in 2017. The energy
intensive sector would become the most important covered sector in the ETS. It would be a
great challenge for the sector’s competitiveness, on one hand, as many domestic high energy-
consuming industries have been in a low-profit status, and additional carbon emissions costs
might have further negative impacts on the industry’s competitiveness. On the other hand,
the change in the relative price of the products produced by domestic manufacturing
enterprises compared with international products due to the implementation of the ETS would
have negative impacts on imports. Currently, there is a lack of research focusing on the impacts

of the ETS on China’s energy intensive sectors.

If removing the energy subsidy is combined with the implementation of the ETS, energy
intensive sectors would face higher energy use costs and trading costs in the carbon market.
This research takes a partial equilibrium model as the basis for studying the impacts of
removing the energy subsidy and implementing the ETS on industry in China. We take China’s
iron and steel industry as the example and analyse the key factors, including profit, production,
imports and exports, and CO, emissions. We then take China’s iron and steel industry and

cement industry as examples to study the relationship across sectors.
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3.2. Model

The production cost would change after removing the energy subsidy and implementing the

ETS. The domestic price change is shown in (3.1).
Py = Py +ce(re) +ce(ua) + pgo, (U —Ua) — Pgo, - FA-U. (3.1)
pﬁ is the product price after the energy subsidy reform, pﬁis the product price before the
energy subsidy reform, PT, is the pass-through rate of the domestic market, CE(I’G) is the
energy price increase due to the energy subsidy reform, ce(ua) is the energy saving and CO;
abatement cost due to the adoption of the energy-saving technologies, Pco, (uf —ua)is the

allowance purchase cost in the carbon market, and Pgq, -FA-Ulis the cost compensation
resulting from free allocation.

The change in the export price is shown in (3.2):
Py = P, +ce(re) +ce(ua) + peo, (Ug —Ua) — P, - FA- U] (3.2)

pﬁ is the export price after the energy subsidy reform, pf is the export price before the

energy subsidy reform, and PT, is the pass-through rate of the foreign market.

The import price p; and foreign price pﬁ are not affected by the ETS. They are:

1 0 1 0
pm = pm’ pf = pf
Here we assume:

0 _ 0.

17 is the tariff for the import goods.

The change in the profit of the industry is:

I=p, xQ, + p, xQ, —(ce(re) +ce(ua)) x (Q, +Q,) + Po, (FA-U, x(Q,+Q,)) (3.4)

Q, is the total quantity of domestic products, Q, is the export amount, and

Peo, (FA—U, x(Q,+Q,) is the profits or purchases of the sector in the carbon market.

74



The abatement cost curve, AC, is the same as in Section 2.3, which is the integral of the

abatement cost curve, MAC:

AC= j MACdua (3.5)
0

3.3. Synergistic Effect of Removing the Energy Subsidy and Implementing the ETS based on
the Multisector Model

Because there is a close interrelationship between the high energy consuming sectors, for the
implementation of one or more energy policies, we should study the linkages and interactions
across sectors under different energy saving and CO; emissions reduction policies in addition

to the policy implications for the sectors themselves.

Implementing multiple policies generates different policy effects compared with
implementing only a single policy. There may often be certain contradictions or interactions
when a policy combination is implemented in more than one sector. Firstly, different policies
have different targets. For example, removing energy subsidies aims to promote the rational
return of energy prices and guide the rational consumption of energy; but the target of the
ETS is to control CO, emissions through a cap-and-trade system and to reduce abatement costs
through the trading scheme. Secondly, different policies may have different impacts on the
covered sectors. Also, different sectors of the economy show a variety of characteristics under
different policies. This heterogeneity may lead to different effects from the same policy in
different sectors. As a result, it is important to study the synergistic effect of the ETS and

removing the energy subsidy, and at the same time analyse the interaction among sectors.

3.3.1. Models
For sector |, we assume the demand function is a linear function, P; =My —04Q;. Pjis
the product price of J,and q;is the production of j.

We assume the abatement cost curve takes a quadratic form (Meunier, Ponssard, and Quirion”,
2014),

2
AC;(a)=a;a; + B3, (3.6)
Because of the implementation of the ETS, sectors need to pay for the CO; quota. The quota

purchase cost of sector j is PCJ- . It can be expressed as follows:

PC(a;.a;.9)=¢ (7,0, -a)) (3.7)

@ is the CO; price, which is the same for all departments. 7 is the average carbon intensity
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of sector | before the emission reduction.

The profit function of sector | can be expressed as

Hj:pj'qj_ACj(aj)_Cj(qj)_PCj(qj1aj’¢) (3.8)

The total emission cap is the sum of every sector’s emission cap. Each sector can purchase
or sell its quota under the trading framework. The total emission cap cannot exceed the cap

satisfied by
2. (7,0, -3))<Q (3.9)
i
We assume the cost of purchasing the CO, quota is all paid back to society, so the social

welfare function W (Q)is

W(Q) =Z(C5j(pj)+l_[j —dam; (q;,a,)+PC,(a;,q;.¢))  (3.10)

CS;(p;) is the consumer surplus of sector | ; dam(q;,a;)=&(r;q;—q;) is the

environmental loss function, which is used to depict the social loss of the CO, emissions.

3.3.2. Data Sources

We focus on China’s iron and steel industry and the cement industry. The abatement cost curve
comes from the GTAP model. We choose the average crude steel and cement price in 2010 as
the marginal production cost. Based on the 2010 base data, we multiply the different energies
by their emission factors to get the unit carbon intensities. For the damage function, Lecuyer
and Quirion (2013) assume the unit loss is €10—€30/t CO,, which is in a large range. In this
study, we assume the unit loss is CNY100/t CO,. The parameter details are listed in Table 4.2.

Table 4.2. Parameter Values

Parameter Unit Iron and Steel Industry Cement Industry
Ua CNY/Mt 8,213.35 750.04
o4 CNY/Mt 5.29 0.18
o, CNY/Mt 4,542.40 365.00
o CNY/Mt CO2 -65.98 -86.20
B CNY/Mt CO2 1.99 1.07
T t CO2/t 1.68 1.06
€ CNY/t CO2 100.00 100.00

Mt = megaton, T = tonne.
Source: Authors.

76



We analyse the energy structure of the iron and steel industry as well as the cement industry
by including the energy price change due to removing the energy subsidy into the abatement
cost curve. For the cement industry, based on the average situation of China’s cement industry,
the standard coal consumption per tonne of clinker is 113 kg of coal equivalent, and the
standard electricity consumption per tonne clinker is 64.23kWh. Based on our calculations,
the comprehensive energy cost increases by 33 % when adjusting the abatement cost curve

based on the energy cost change after removing the energy subsidy.

3.3.3. Results

In the multisector scenario, we choose two sectors, the iron and steel industry and the cement
industry. In the baseline case, we assume there is no removal of the energy saving subsidy but
ETS is implemented. We then look at removing energy saving subsidy and comparing the
scenario with the baseline case. We first assume all CO, quotas are auctioned in the carbon
market and then set a free allocation share to analyse the effects under the partly auctioned

condition
(1) Quotas are all auctioned

Table 4.3 shows the changes in CO, abatement, product price, production, CO; price, total CO,
emissions, profit, and social welfare of two sectors after removing the energy subsidy. a is the
abatement, p is the product price, g is production, E is the total emissions, mt is the profit, and
W is the social welfare. The subscript 1 represents the iron and steel industry; subscript 2

represent the cement industry.

Table 4.3. Change in Key Factors after Removing the Energy Subsidy (Fully Auctioned)

Removing energy Percentage
Parameter Unit Base case
subsidy change
a1 Mt CO2 41.66 46.69 12.05%
p1 CNY/t product 4,667.70 4,802.70 2.89%
a1 Mt 669.72 644.22 -3.81%
az Mt CO2 86.63 99.68 15.07%
p2 CNY/t steel 470.50 481.45 2.33%
g2 Mt clinker 1,562.96 1,501.73 -3.92%
Pco2 CNY/t CO2 100.00 100.00 0.00%
E Mt CO2 2,772.04 2,664.68 -3.87%
w CNY million 4,298,050.00 4,430,990.00 3.09%
M CNY million 3,457.68 3,617.73 4.63%
7] CNY million 8,064.97 8,214.21 1.85%

Mt = megaton, t = tonne.
Source: Authors.
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Table 4.3 shows that the abatement of both sectors increases significantly after removing the
energy subsidy, meaning the removal provides abatement promotion for the sectors. The
product prices of the two sectors increase, reflecting that the increased cost is passed on to
the consumer price, and production in the two sectors is decreased. Removing the energy
subsidy reduces the total CO;, emissions in the iron and steel industry by 3.87 %. The total
social welfare increase caused by these two sectors increases by 3.09 % after removing the
energy subsidy, and the profits of the two sectors also increase. Here we do not consider other
external factors, so the CO; price is equal to the marginal loss of CO,, which is CNY100/t, and

removing the energy subsidy does not affect the CO; price.

(2) Quotas partly auctioned

Next, we assume the quotas are partly auctioned. The free allocation share is set at 0.5, which
means that half of the quotas have free allocation. The results are shown in Table 4.4. The

parameters are the same as in Table 4.3.

Table 4.4. Change in Key Factors after Removing the Energy Subsidy
(Free Allocation Share = 0.5)

Removing energy

Parameter Unit Base case Percentage change
subsidy
al Mt CO, 59.29 66.29 11.81%
pl CNY/t product 4,642.73 4,773.42 2.81%
ql Mt 674.43 649.75 -3.66%
a2 Mt CO, 119.30 139.04 16.55%
p2 CNY/t steel 454.79 463.03 1.81%
q2 Mt clinker 1,650.80 1,604.73 -2.79%
Pco2 CNY/t CO, 170.22 165.08 -3.02%
E Mt CO, 2,872.62 2,782.62 -3.13%
W CNY million 4,320,740.00 4,413,700.00 2.15%
nl CNY million 35,258.50 27,294.01 -22.59%
n2 CNY million 15,294.50 15,982.30 4.50%

Mt = megaton, t = tonne.

Source: Authors.

Table 4.4 shows that if 50 % of the quotas are freely allocated, removing the energy subsidy
will not only affect the abatement decision of the sector but also affect the production and
product price. The CO, abatement of the two sectors increases, but production decreases.
Because of the constraint of the demand curve, the product prices of two sectors increased by

different amounts.

Removing the energy subsidy also affects the CO; price, reduces the equilibrium CO; price in

the market, and at the same time reduces the total CO, emissions of the two sectors. The total
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emission reduction by around 3.13 %. Removing the energy subsidy would also bring a welfare
increase of 2.15 % when 50 % of the quotas are allocated freely. The profit of the cement
industry increases, but the iron and steel industry’s profit decreases. That is, when there is
more than one trading agent in the market, the profit change is related to the parameters of

the specific sectors.

However, giving free allocation would decrease the welfare benefit compared with the fully
auctioned condition, as there would be greater CO; emissions. When there is more than one
trading sector in the market, the performance of the various departments is different due to
the parameter difference after removing the energy subsidy. Taking the iron and steel industry
and cement industry as an example, free allocation is more favourable for the cement industry.
Removing the energy subsidy on the basis of free allocation would further expand the profit

of the cement sector (compared with the iron and steel industry).

4. Conclusions

Energy subsidies have a direct impact on energy prices and energy supply and demand, and
consequently the economy. As the downstream sectors of energy products, energy intensive
industries, residents, and other sectors are sensitive to changes in energy prices. As a result,
energy subsidies generate direct and indirect impacts. We estimated the energy subsidy of
Chinain 2010, and analysed the impacts of removing the energy subsidy on profit, production,
CO; emissions, technology diffusion, and social welfare at the sector level. We also analysed

the synergistic effect of removing the energy subsidy and implementing the ETS.

We used the price-gap method to calculate the reference price and the consumer price for
main energy products, such as coal, petroleum, natural gas, and electricity, based on our
estimates of China’s energy subsidy amount in 2010. The country’s total energy subsidy in
2010 was about CNY1,929.65 billion when GDP was CNY40,890.30 billion, so the total energy
subsidy accounted for 4.7 % of GDP. We estimate the coal subsidy to be the highest, accounting
for 1.97 % of total GDP.

Taking China’s iron and steel industry as an example, we studied the sectoral impacts of
removing the energy subsidy. We chose 41 technologies that are widely used in China’s iron
and steel industry and calculated the micro-level abatement cost curve. We found that the
increase of energy cost reduced the cost of energy-saving technologies, so the technologies
became more cost effective. After removing the energy subsidy, the comprehensive energy
cost increased from CNY110.22/GJ to CNY136.84/GJ, an increase of 19.45 %. However, the
cumulative energy savings from the cost-effective technologies only increased by 4.1 %. That
is, the energy savings and CO, abatement from removing the energy subsidies would not

match the decreased cost. We used a partial equilibrium model to study the impacts on
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industry competitiveness based on the micro-level abatement cost curve. If we do not
consider the adoption barriers of technologies, profit and net exports increase after removing
the energy subsidy. But this situation changes when we include the barriers in our model as
the competitiveness of the sector decreases. Removing the energy subsidy has a positive
impact on the diffusion of energy-saving technologies. This is especially important for
technologies that become cost effective due to the energy price reform. At the same time,
technologies that are affected more by energy prices obtain greater promotion opportunities

after removing the energy subsidy.

Combining the ETS with removing the energy subsidy could help to control CO.. In the ETS,
which has free allocation, if the free allocation share is higher than 90 %, the negative impacts
on sector competitiveness would be mostly compensated for, and at the same time, the CO;
emissions control effect would decrease significantly. In the multisector analysis, we focused
on China’s iron and steel industry and the cement industry as an example. The combination of
full-auctioned ETS and removing the energy subsidy would benefit profit for the two sectors.
The combination of 50 % auctioned ETS and removing the energy subsidy would cause a profit
increase in the cement industry, but would damage profit in the iron and steel industry. Full-
auctioned and 50 % ETS and removing the energy subsidy would bring a better CO, control
effect, increase product prices, and improve social welfare. Removing the energy subsidy
would reduce the equilibrium price of the ETS (in addition to the full-auctioned situation, as
in this situation, the CO, price is equal to the marginal loss of CO;). The performance of various
departments is different because of heterogeneity in the sector parameters after removing
the energy subsidy. For the iron and steel industry and the cement industry, free allocation is
more favourable for the cement industry, while removing the energy subsidy on the basis of

ETSwould further expand the profit of the cement sector.

There are some limitations in our research. First, we use the price-gap method to estimate
China’s energy subsidy, which would underestimate the real subsidy amount as we only
consider the main energy used. Second, we used the micro-level abatement cost curve based
on the technologies. This does not cover all technologies, so the actual energy savings would
be relatively low. Third, we only consider the iron and steel industry and the cement industry.
If more sectors were covered in our model, it is possible the conclusions could change. These

limitations can be improved in future work.
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