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Abstract: China’s electricity industry has been undergoing a process of regulatory reform. This study
aims to analyse the impact of liberalization on the electricity market assuming different degrees of
scope of the reforms by applying a computable general equilibrium (CGE) model. In this paper,
we consider the three sub-sectors of the electricity industry, namely generation, transmission and
distribution. We assume that the reform will phase out the entry barriers on the generation side and
allow for competition on the distribution side, while keeping the transmission side under regulation.
The results showed that the reform could enhance efficiency in the electricity sector and reduce energy
prices for households. Introduction of a complete competition model would decrease welfare by
5.394 billion yuan, if contrasted to a limited competition model. The composite energy price would
decline under both scenarios, whereas the quantity of energy consumed by the households would go
up. This research, thus, contributes to literature on the economic effects of China’s electric power
market reform, and can be used as a case study to support policy decisions for the decision-makers.

Keywords: electricity market reform; computable general equilibrium (CGE) model; liberalisation;
regulation; China

1. Introduction

Being an important basic industry for national economic development, the electric power industry
acts as a strong natural monopoly. This mode of operation lacks competitive pressure and may induce
a lower level of the operation efficiency. In order to move away from the monopolistic electricity
market structure towards a more competitive one, various countries have embarked on electricity
market reforms introducing competitiveness there. The objectives of climate change mitigation have
also played a role in shaping the energy policy [1–6]. China’s electric power industry reform began in
1985 and has gone through the three stages: Fund collection for electricity, separating the functions of
the government from those of enterprises, and introduction of competition in the power generation
industry [7,8]. In March 2015, the State Council of People’s Republic of China released Opinions
Regarding the Deepening of the Power Sector’s Reform (Document No. 9). The document put forward
a power industry reform structure of “regulating the middle, opening both ends", which marks a new
stage of the market-oriented reform of China’s electric power industry.

Regulating the middle means that the profit of the power grid no longer depends on the difference
purchase and sale price of the electricity but rather to charge for transmission and distribution. The
price of transmission and distribution is approved by the government so that it covers grid operation
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costs and generates a reasonable profit margin. Therefore, the pricing system introduced during the
reform ensures the profit of power grid enterprises. However, state control is required to eliminate
unreasonable costs. Opening both ends means that power generation enterprises and power retailing
enterprises are allowed to enter the market and facilitate direct transactions with power consumers.
Through competition, the enterprises determine the quantity and price of electricity.

Given the trend of economic growth in China, the annual rate of growth in electricity consumption
was 3.61% in 2013–2016, while the annual growth of the installed capacity (the total amount of power
available from generating units) was 9.69%, i.e., the growth in generation capacity (the amount of the
power produced by generating units) was much faster than the growth of social demand for electricity
(see Figure 1). At the same time, the utilisation hours of thermal power units have been reduced from
5012 h to 4165 h. Under the effect of a market price competition mechanism, the direct transaction
price between power generation enterprises and power users naturally tends to decline.

China’s electricity retail industry has developed rapidly since the promulgation of Document
No. 9 of the electric power reform (see Figure 2). As of March 2017, more than 6000 electric power
sales companies have been established nationwide. This has affected previously monopolistic power
transmission, distribution and retail sectors. According to the 13th Five-Year Plan for Electric Power
Development, the establishment of power trading institutions was completed by the end of 2016 and
the cultivation of market competition subjects on the selling side will be completed by the end of 2018.
In the retail electricity market, 35 kW and above users are free to choose their retailer in 1 to 3 years
after 2018, 10 kW and above users will be able to do so in the next 5–10 years. This suggests the scale
of the electricity trade in the competitive market will continue to expand in China. The schedule of
electricity market liberalization in China is shown in Table 1.

The electricity market liberalization in China is likely to pose multifaceted consequences for both
power producers and consumers. Therefore, it is important to identify the major effects and their
implications. In this paper, we assess the potential impacts of electric power market reform in China by
employing the CGE model. The novelty of this paper is that we consider subsectors of the electricity
sector (generation, transmission, distribution and retail) rather than the electricity sector as a whole.
This kind of analysis allows one to obtain more detailed insights into the effects of the electricity
market liberalization in China for different agents.

Sustainability 2019, 11 FOR PEER REVIEW  2 

distribution. The price of transmission and distribution is approved by the government so that it 
covers grid operation costs and generates a reasonable profit margin. Therefore, the pricing system 
introduced during the reform ensures the profit of power grid enterprises. However, state control is 
required to eliminate unreasonable costs. Opening both ends means that power generation 
enterprises and power retailing enterprises are allowed to enter the market and facilitate direct 
transactions with power consumers. Through competition, the enterprises determine the quantity 
and price of electricity. 

Given the trend of economic growth in China, the annual rate of growth in electricity 
consumption was 3.61% in 2013–2016, while the annual growth of the installed capacity (the total 
amount of power available from generating units) was 9.69%, i.e., the growth in generation capacity 
(the amount of the power produced by generating units) was much faster than the growth of social 
demand for electricity (see Figure 1). At the same time, the utilisation hours of thermal power units 
have been reduced from 5012 h to 4165 h. Under the effect of a market price competition mechanism, 
the direct transaction price between power generation enterprises and power users naturally tends 
to decline. 

China’s electricity retail industry has developed rapidly since the promulgation of Document 
No. 9 of the electric power reform (see Figure 2). As of March 2017, more than 6000 electric power 
sales companies have been established nationwide. This has affected previously monopolistic power 
transmission, distribution and retail sectors. According to the 13th Five-Year Plan for Electric Power 
Development, the establishment of power trading institutions was completed by the end of 2016 and 
the cultivation of market competition subjects on the selling side will be completed by the end of 
2018. In the retail electricity market, 35 kW and above users are free to choose their retailer in 1 to 3 
years after 2018, 10 kW and above users will be able to do so in the next 5–10 years. This suggests the 
scale of the electricity trade in the competitive market will continue to expand in China. The schedule 
of electricity market liberalization in China is shown in Table 1. 

 
Figure 1. Production and consumption related data of electric power industry. Figure 1. Production and consumption related data of electric power industry.



Sustainability 2019, 11, 350 3 of 22

Sustainability 2019, 11 FOR PEER REVIEW  3 

 
Figure 2. Number of registered electric power sale companies in major regions of China. 

Table 1. Electricity market liberalization schedule in China. 

Stage Object 

Stage 

1 

All industrial and commercial electricity users with voltage level higher than 110 kV (66 

kV) 

Part of industrial and commercial electricity users with voltage level higher than 35 kV 

Stage 

2 

All industrial and commercial electricity users with voltage level higher than 35 kV 

Part of industrial and commercial electricity users with voltage level higher than 10 kV 

Stage 

3 
All electricity users with voltage level higher than 10 kV 

The electricity market liberalization in China is likely to pose multifaceted consequences for both 
power producers and consumers. Therefore, it is important to identify the major effects and their 
implications. In this paper, we assess the potential impacts of electric power market reform in China 
by employing the CGE model. The novelty of this paper is that we consider subsectors of the 
electricity sector (generation, transmission, distribution and retail) rather than the electricity sector 
as a whole. This kind of analysis allows one to obtain more detailed insights into the effects of the 
electricity market liberalization in China for different agents. 

The remainder of the paper is organized as follows. Section 2 summarizes the relevant literature. 
Section 3 constructs the CGE model for Chinese economy and electricity sector. Section 4 presents 
assumptions and results associated with the simulations. Section 5 proceeds with the discussion of 
the policy implications stemming from results of the modelling. 

2. Literature Review 

Computable general equilibrium (CGE) models can be applied to measure sector- and economy-
wide effects of (shifts in) regulation and the economic situation in general. The theoretical foundation 
of the CGE model rests on the Warlas’s general equilibrium theory, which describes a cyclical 
economic process as follows: Production generates income, income triggers demand, demand further 
induces production and the quantities and prices of goods marketed vary until demand and supply 
are balanced in the economic system (i.e., equilibrium is reached). The model originates from the 
1960s and has been widely applied in the areas of global trade [9,10], environmental protection 
[11,12], economic policy reform [13] and tax reform [14]. 

0
50

100
150
200
250
300
350
400

G
ua

ng
D

on
g

H
eB

ei
Sh

an
X

i
Si

Ch
ua

n
Jia

ng
Su

Y
un

N
an

Sh
an

D
on

g
A

nH
ui

Zh
eJ

ia
ng

G
ui

Zh
ou

Sh
aa

nX
i

H
uN

an
Be

iJi
ng

H
eN

an
Li

ao
N

in
g

X
in

Jia
ng

In
ne

rM
on

go
lia

JiL
in

Ch
on

gQ
in

g
G

an
Su

Ti
an

Jin
Fu

Jia
n

G
ua

ng
X

i
Jia

ng
X

i
H

uB
ei

Q
ua

nt
ity

 

Region

Figure 2. Number of registered electric power sale companies in major regions of China.

Table 1. Electricity market liberalization schedule in China.

Stage Object

Stage 1
All industrial and commercial electricity users with voltage level higher than 110 kV
(66 kV)
Part of industrial and commercial electricity users with voltage level higher than 35 kV

Stage 2 All industrial and commercial electricity users with voltage level higher than 35 kV
Part of industrial and commercial electricity users with voltage level higher than 10 kV

Stage 3 All electricity users with voltage level higher than 10 kV

The remainder of the paper is organized as follows. Section 2 summarizes the relevant literature.
Section 3 constructs the CGE model for Chinese economy and electricity sector. Section 4 presents
assumptions and results associated with the simulations. Section 5 proceeds with the discussion of the
policy implications stemming from results of the modelling.

2. Literature Review

Computable general equilibrium (CGE) models can be applied to measure sector- and
economy-wide effects of (shifts in) regulation and the economic situation in general. The theoretical
foundation of the CGE model rests on the Warlas’s general equilibrium theory, which describes a
cyclical economic process as follows: Production generates income, income triggers demand, demand
further induces production and the quantities and prices of goods marketed vary until demand and
supply are balanced in the economic system (i.e., equilibrium is reached). The model originates from the
1960s and has been widely applied in the areas of global trade [9,10], environmental protection [11,12],
economic policy reform [13] and tax reform [14].

Indeed, the CGE models can also focus on the energy sector and thus quantify the effects of
external and internal factors there. Scaramucci et al. [15] used a CEG model to estimate the economic
impacts of constraining the supply of electric energy in Brazil. Hosoe [16] simulated the liberalization
of electricity market in Japan with a CGE model. Akkemik and Oguz [17] examined potential
outcomes of full liberalization policy on efficiency and competition in the Turkish electricity market
by means of an applied computable general equilibrium model and the counter-factual simulation.
Rodrigues and Linares [18,19] used a CGE model to assess the impacts of a Demand Response program
in the Spanish electricity market. Hwang and Lee [20] looked into the shifts within the Korean
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electricity market by using a CGE model. Farajzadeh and Bakhshoodeh [21] analysed economic and
environmental consequences of the phasing out of energy subsidies in Iran by employing a CGE
model. Capros et al. [22] focused on the macroeconomic and sector-level effects induced by changes in
electricity and gas prices in the EU by means of a CGE model. Bataille and Melton [23] applied a CGE
model to estimate the impacts of energy efficiency improvements in Canada by considering indicators
related to GDP, employment, economic structure for the period of 2002-2012. Melnikov et al. [24]
applied the dynamic CGE model to appraise the effects of carbon taxes on household consumption and
carbon emissions. Mu et al. [25] modelled the possible reductions in global greenhouse gas emission
following the Paris Agreement by means of a CGE model. Therefore, the applications of CGE models
are versatile in terms of geographical area, level of aggregation, and factors covered.

Due to the reform of China’s economic system and the lack of statistical data, the studies applying
a general equilibrium model appeared at a relatively late stage in China. However, there have been
recent applications of CGE models for Chinese economy. Liu et al. [26] applied an environmentally
extended CGE model to assess environmental and economic impacts of the new emission standard
for thermal power plants. Li et al. [27] construct a dynamic CGE model to explore the impacts of
EVs and CCS respectively on China’s economics, environmental quality and energy demand based
on the six simulation scenarios. Zhang et al. [28] applied CGE and a social accounting matrix for
2012 to analyse the impacts of the natural gas industry reform in China. Zhang et al. [29] utilized
CGE models to assess the outcomes of the inclusion of different fuel types (shale gas and non-grain
bioethanol) in the energy-mix. Liu et al. [30] employed a CGE methodology to quantify the outcomes
of implementation of the fuel economy requirements for vehicles in China in the sense of economy
and environment. Similarly, the effects on the different dimensions of sustainability arising due to the
possible expansion of the bioethanol production were analysed by Ge and Lei [31] via CGE modelling.
Xiao et al. [32] proposed a modified CGE model for China incorporating risk analysis for identifying
the prospective pathways for promotion of the renewables. Liu and Zhou [33] applied a CGE model
to explore the impact of a 5% ad valorem coal resource tax on the Chinese economy under four
scenarios involving distinguished electricity pricing mechanisms and a tax revenue recycling scheme
by deducting consumption tax.

However, the applications of CGE modelling on Chinese power sector are rather limited. Yang and
Cui [34] established a CGE model with 39 sectors which subdivides the power sector into coal-fired,
hydropower, nuclear, gas-fired and oil-fired generation. The model was applied to analyse the impact
of replacing coal-fired power generation technology with gas-fired power generation technology on
the economy, power generation and pollutant emissions in China. Zhang [35] analysed the linkages
between electricity price and industrial structure in China by means of a CGE model. The results
showed that though the impact of price changes on the output was very low across industries, the ones
featuring higher electricity consumption appeared to be more sensitive to changes in electricity price.
Tan et al. [36] constructed a CGE model to analyse the impacts of exchange rate change on electric
power industry. Following the declines in the exchange rate of RMB by 1% and 3%, both industrial
and household electricity consumption is expected to go down, with a more important impact on the
electricity-intensive sectors. He et al. [37] set up a CGE model to analyse the impacts of changes in
coal price on the electric power industry and the impacts of adjustments in electricity price on the
macro-economic situation in China. The latter study showed the electricity price increase exerts an
adverse influence on the total output, GDP, and the CPI. Song and Cui [38] employed a dynamic CGE
model for China (CDECGE) to quantify the effects of the electricity market reform in China. The results
showed that reform is likely to be desirable in the sense of the targets regarding energy savings and
mitigation of carbon emissions.

However, the abovementioned studies only discussed the impact of electricity price change
without breaking down the electricity industry into sub-sectors to discuss the impact of deregulation
on different parts of the power supply chain. The latter issue is particularly important when assessing
the outcomes of the different stages of the electricity market reform that are likely to have different
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impacts on different sub-sectors. We address this literature gap by estimating the potential impacts of
electricity market reform by employing a more detailed CGE model.

In order to analyse the impacts of liberalization on the industries with respect to different scopes
of the electricity market reform, we set up an electricity and economy CGE model. Contrasted with
the earlier literature, we break down the electricity sector into the three sub-sectors (generation,
transmission and distribution) in this study. It should be noted that, under the complete competition
model, the power sector should be divided into four sub-sectors: power generation, transmission,
distribution and retail sales. Due to the lack of relevant data on the retail sale side, it is assumed that
the distribution and retail sale of electricity will comprise an integral part of the market.

The present study, therefore, contributes to literature in a number of ways. First, the impacts
of electricity regulatory reforms in China are assessed. This provides a piece of evidence on the
economic effects of such reforms. These findings might be important when shaping regulatory reforms
in different countries. Second, the application of a CGE model offers a contribution to literature on
economic modelling and identifies possible directions for further research in the area both in China
and internationally. Third, the application of a CGE model in the case of electricity market reform
might provide guidelines for similar applications in other sectors and regions.

3. The CGE Model for Chinese Electricity and Economy Sector

In this section, we set up a CGE model for the analysis of the deregulation of China’s electricity
market. We briefly discuss the major constructing modules of the model. The linkages among the
different modules are also discussed.

3.1. Production Module

The production module describes the transformation of inputs into output, i.e. the process
of domestic production. Figure 3 shows the structure of the production side. In CGE models,
the Cobb-Douglas production function, Leontief production function and the constant elasticity
of substitution (CES) type production function are commonly used.
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Figure 3. Production structure of the CGE model.

In this paper, we assumed a CES type function for modelling the productive technology, and
the level of output of each sector was determined to ensure market equilibrium. The model basically
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covered the five levels. At each level, the degree of substitution was defined via the elasticity of
substitution. At the highest level of aggregation, we considered (substitutability between) composite
energy-related input and composite non-energy input, thus modelling substitutability among energy
and non-energy inputs. For the energy production sectors, such as coal, OG (Oil and gas) and
electricity generation, we assumed that the energy intermediate inputs cannot be replaced, and the
energy intermediate inputs were free to be replaced for the other sectors. As for the factor market, we
assumed that capital and labour can replace each other in the capital market when the relative factor
prices change. We further assumed that capital is fixed in all industries, whereas labour is completely
mobile across sectors. In addition, we assumed that each activity produces one commodity and
lower-case indexes a and c denote activities and commodities, respectively. Please refer to Tables 2–11
for the notations of variables and parameters used in the model.

At the first level, the gross output QA was modelled as a CES function of capital-energy-labour
composite input (Equations (1)–(3)) and non-energy intermediate input (Equations (4) and (5)) with
the latter input being defined in terms of Leontief input-output relations. The characteristic of the
Leontief function is zero elasticity of substitution between intermediate inputs which implies the input
coefficient is fixed.

QAa = αA
a ·

(
δA

a ·QKELρA

a + (1− δA
a ) ·QNDρA

a

)1/ρA

(1)

PKELa

PNDa
=

δA
a

1− δA
a
·
(

QNDa

QKELa

)1−ρA

(2)

PAa ·QAa = PKELa ·QKELa + PNDa ·QNDa (3)

UNDc,a = αc,a · NDa (4)

PNDa = ∑
c

αc,a · PQc (5)

At the lower level of aggregation, the capital-energy-labour composite input is specified by a CES
function of labour and capital-energy composite inputs (Equations (6)–(8)):

QKELa = αKEL
a ·

(
δKEL

a ·QKEρKEL

a + (1− δKEL
a ) ·QLρKEL

a

)1/ρKEL

(6)

PKEa

PLa
=

δKEL
a

1− δKEL
a
·
(

QLa

QKEa

)1−ρKEL

(7)

PKELa ·QKELa = PKEa ·QKEa + PLa ·QLa (8)

At the bottom three levels, we distinguished the capital-energy composite inputs (Equations
(9)–(11)), energy composite inputs (Equations (12)–(14)) and non-electricity composite inputs
(Equations (15)–(17)) by CES functions:

QKEa = αKE
a ·

(
δKE

a ·QKρKE

a + (1− δKE
a ) ·QECρKE

a

)1/ρKE

(9)

PKa

PECa
=

δKE
a

1− δKE
a
·
(

QECa

QKa

)1−ρKE

(10)

PKEa ·QKEa = PKa ·QKa + PECa ·QECa (11)

QECa = αEC
a ·

(
δEC

a ·QELECNρEC

a + (1− δEC
a ) ·QELECρEC

a

)1/ρEC

(12)

PELECNa

PELECa
=

δEC
a

1− δEC
a
·
(

QELECa

QELECNa

)1−ρEC

(13)
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PECa ·QECa = PELECNa ·QELECNa + PELECa ·QELECa (14)

QELECNa = αELECN
a ·

(
δELECN

a ·QOGρELECN

a + (1− δELECN
a ) ·QCOALρELECN

a

)1/ρELECN

(15)

POGa

PCOALa
=

δELECN
a

1− δELECN
a

·
(

QCOALa

QOGa

)1−ρELECN

(16)

PELECNa ·QELECNa = POGa ·QOGa + PCOALa ·QCOALa (17)

Although this paper divides the electric power industry into three sub-sectors–power generation,
transmission and distribution–the three sub-sectors follow vertically integrated structure and there
was no substitution relationship for the electricity composite functions. That is, the total output of the
power sector is the total output of the power generation sector, which will be delivered to the end user
through the transmission and distribution network. The specific equations will be given in Section 4.3.
Tables 2 and 3 present the variables and parameters of the production model, respectively.

Table 2. Variables for the production module.

Variable Variable Definition

PAa Price of sector output
PCOALa Price of coal input
PECa Price of energy composite input
PELECa Price of electricity composite input
PELECNa Price of non-electricity composite input
PKa Price of capital input
PKELa Price of capital-energy-labour composite input
PKEa Price of capital-energy composite input
PLa Price of labour input
PNDa Price of non-intermediate input
POGa Price of oil and gas composite input
QAa Quantity of sector output
QCOALa Quantity of coal input
QECa Quantity of energy composite input
QELECa Quantity of electricity composite input
QELECNa Quantity of non-electricity composite input
QKa Quantity of capital input
QKEa Quantity of capital-energy composite input
QKELa Quantity of capital-energy-labour composite input
QLa Quantity of labour input
QNDa Quantity of non-energy intermediate input
QOGa Quantity of oil and gas composite input
UNDc,a Quantity of the unit intermediate input

Table 3. Parameters for the production module.

Parameter Parameter Definition

αc,a Direct consumption coefficient of intermediate input
δA

a Share parameter of CES function of QA
αA

a Scale parameter of CES function of QA
ρA Substitution elasticity parameter of CES function of QA
δKEL

a Share parameter of CES function of KEL
αKEL

a Scale parameter of CES function of KEL
ρKEL Substitution elasticity parameter of CES function of KEL
δKE

a Share parameter of CES function of KE
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Table 3. Cont.

Parameter Parameter Definition

αKE
a Scale parameter of CES function of KE

ρKE Substitution elasticity parameter of CES function of KE
δEC

a Share parameter of CES function of EC
αEC

a Scale parameter of CES function of EC
ρEC Substitution elasticity parameter of CES function of EC
δELECN

a Share parameter of CES function of ELECN
αELECN

a Scale parameter of CES function of ELECN
ρELECN Substitution elasticity parameter of CES function of ELECN

3.2. Trade Module

The CGE model assumes that China acts as a “small country”, i.e., the world prices are
exogenously determined. Equations (18) and (19) define the domestic imports and exports prices,
respectively:

PEa = pwea · EXR (18)

PMc = pwmc · EXR (19)

The trade module covers three categories of goods: Domestic output to exports (QE), domestic
output to domestic market (QD) and imports supply to the domestic market (QM). The total output
of domestic production (QA) is composed of QE and QD, while domestic market demand (QQ) is
composed of QM and QD, the specific relationship is shown in Figure 4.Sustainability 2019, 11 FOR PEER REVIEW  10 
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Figure 4. Trade structure of the CGE model.

In order to maximize profit, the domestic commodity producers optimize the combination of QE
and QD. Specifically, the assignment of the output for domestic and export markets is described by the
constant elasticity of transformation (CET) functions (Equations (20)–(22)):

QAa = α
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a ·QDρqa

a +
(
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a
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·QEρqa

a
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PDa
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=

δ
qa
a
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qa
a
·
(

QEa

QDa

)1−ρqa

(21)

PAa ·QAa = PDa ·QDa + PEa ·QEa (22)
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Similarly, while purchasing goods, consumers seek to optimize the combination of domestic and
imported goods. Specifically, the assignment of expenditures for the latter two categories of goods is
described by the CES function (Equations (23)–(25)), known as the Armington function:

QQc = α
qq
c · (δ

qq
c ·QDρqq

c + (1− δ
qq
c ) ·QMρ

qq
c

c )
1/ρqq

(23)

PDc

PMc
=

δ
qq
c

1− δ
qq
c
·
(

QMc

QDc

)1−ρqq

(24)

PQc ·QQc = PDc ·QDc + PMc ·QMc (25)

Please see Tables 4 and 5 for the variables and parameters for the trade module, respectively.

Table 4. Variables for the trade module.

Variable Variable Definition

PMc Price of import commodities
PEc Price of export commodities
EXR Exchange rate
PQc Price of domestic demand commodities
PDc Price of domestic supply commodities
QQc Quantity of domestic demand commodities
QDc Quantity of domestic supply commodities
QMc Quantity of import commodities
QEc Quantity of export commodities
pwea Import price in current units
pwec Export price in current units

Table 5. Parameters for the trade module.

Parameter Parameter Definition

δ
qa
a Share parameter of CET function

α
qa
a Scale parameter of CET function

ρEC Substitution elasticity parameter of CET function
δ

qq
c Share parameter of Armington function

α
qq
c Scale parameter of Armington function

ρqq Substitution elasticity parameter of Armington function

3.3. Income Module

The income generated in production is allocated across three main institutions: Households,
enterprises and government. The income of households is mainly composed of labour income,
investment income and transfer payments. Tables 6 and 7 present the variables and parameters for the
income module, respectively. In the paper, we followed the assumption that all the transfers among the
rest of the world and government, enterprise and related factors are fixed sums expressed in foreign
currency, whereas other transfer payments are defined as fixed proportions of income:

YH = PL ·QL + PK ·QK · shi fh + trans f rh,gov + trans f rh,ent + trans f rh,row (26)
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Table 6. Variables for the income module.

Variable Variable Definition

YH Household income
YG Government income
YE Enterprise income
MTAX Import tax
ETAX Export tax
ATAX Production tax
transfrh,gov Transfer from government to the household
transfrh,ent Transfer from enterprise to the household
transfrh,row Transfer from the rest of the world to the household
Transfrgov,row Transfer from the rest of the world to the government

Table 7. Parameters for the income module.

Parameter Parameter Definition

shifh Proportion of household capital income
shifent Proportion of enterprise capital income
tih Personal income tax rate
tient Corporate income tax rate

The government collects taxes and receives transfers from the rest of the world. Tax revenue
consists of individual income tax, export tax, import tax, the enterprise income tax and production tax.

YG = tih ·YH + MTAX + ETAX + ATAX + tient ·YE + trans f rgov,row (27)

The capital income of enterprises is defined as:

YE = WK ·QK · shi fent (28)

3.4. Expenditure Module

Following Equation (29), households allocate disposable income for consumption and savings,
where savings are defined as a fixed share of income. The government revenue is mainly used for
transfer payments, commodity consumption and government savings. Government transfer payments
to households and enterprises are defined as a fixed proportion of income, while the proportion of
government consumption on goods (QGc) is fixed (Equations (30) and (31)). Enterprise income is
allocated to taxes, savings, and transfers to the households (Equations (32) and (33)). The variables
and parameters used in the consumption module are presented in Tables 8 and 9, respectively.

EH = (1− tih) ·YH − HSAV = (1−mpsh) · (1− tih) ·YH (29)

EG = ∑
c

QGc · PQc + trans f rh,gov + trans f rrow,gov (30)

YG = EG + GSAV (31)

EE = tient ·YE + trans f rh,ent (32)

YE = EE + ESAV (33)
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Table 8. Variables for the consumption module.

Variable Variable Definition

EH Household expenditures
EG Government expenditures
EE Enterprise expenditures

HSAV Household savings
GSAV Government savings
ESAV Enterprise savings

transfrrow,gov Transfer from government to the rest of the world

Table 9. Parameter for the consumption module.

Parameter Parameter Definition

mpsh Household savings ratio coefficient

3.5. Macroeconomic Closure

Macroeconomic Closure is a special structure formed on the basis of macroeconomic theory,
including the choice of function types, the setting of endogenous and exogenous variables. Different
types of closure are referred to given the corresponding macroeconomic theories. The paper adopts
the neoclassical macro closure conditions which corresponds to China’s economic development mode.
The associated variables are presented in Table 10.

The CGE model considered the four macroeconomic balances: The factor market balance, the
commodity market balance, the current-account balance and the savings-investment balance. In the
factor markets, equilibrium requires full employment of the labour force and full utilisation of capital,
i.e., the aggregate demand of is equal to the total supply of each sector. Furthermore, the supply
variable QLS and QKS are assumed to be fixed:

∑
a

QLa = QLS (34)

∑
a

QKa = QKS (35)

In the commodity market, Equation (36) implies that the aggregate demand is equal to the
aggregate supply. Among the elements of the aggregate supply, the quantity of investment (QINVc) is
exogenous:

QQc = ∑
a

QINTc,a + QHc + QINVc + QGc + qustoc (36)

In current-account balance (Equation (37)), we chose such a closure rule that the exchange rate
(EXR) was treated as an endogenous variable, while foreign savings enters the model as an exogenous
variable (FSAV):

∑
c

pwmc ·QMc + trans f rrow, f + trans f rrow,gov

= ∑
c

pwec ·QEc + trans f rh,row + trans f rgov,row + FSAV.
(37)

Equation (38) states that total saving and total investment have to be equal. In order to maintain
the equality between the variables and equations, we added variable WALRAS to Equation (38). The
solution value of WALRAS should be zero. Besides, we include Equation (39) in the model to analyse
the impact of policy changes on GDP.

HSAV + GSAV + FSAV · EXR + ESAV =

= ∑
c

PQc ·QINVc + ∑
c

PQc · qustoc + WALRAS. (38)
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GDP = ∑
c

PQc · (QHc + QGc + QINVc + qustoc)

+∑
c

PEc ·QEc −∑
c

pwmc · EXR ·QMc.
(39)

Table 10. Variables for the equilibrium module.

Variable Variable Definition

QLS Total supply of labour
QKS Total supply of capital

QINTc,a Quantity of intermediate input
QINVc Quantity of investments

transfrrow,f Foreign capital investment returns
QUSTOC Stock change
WALRAS Balanced slack variable

GDP Gross domestic product

3.6. Welfare Block

Analysis of the effects of public policy on social welfare can be based on multiple different
indicators. Among these, Hicksian equivalent variation is rather common. In this paper, we considered
Hicksian equivalent variation as a measure of the effect of the external policy on the households’ social
welfare. In Equation (40), EV greater than zero implies that the implementation of policies enhanced
the welfare of households:

EV = ∑
a

PQo
a·(QHa −QHo

a) (40)

Please see Table 11 for the variables used in the welfare module.

Table 11. Variables for the resident welfare module.

Variable Variable Definition

EV Hicksian equivalent variation
E(Us,PQb) The level of effectiveness after implementation of policies
E(Ub,PQb) The level of effectiveness before implementation of policies

4. Policy Simulation

This section presents the basic assumptions for different scenarios defining electricity market
liberalisation in China. The results of the simulation are then presented. The effects on different agents
and sectors are discussed.

4.1. Social Accounting Matrix

Social accounting matrix (SAM) was the basic data set underlying the CGE model. It represents
the system of national accounts in matrix form. The SAM applied in this paper was based on the 2012
input-output tables for China which were issued by the National Bureau of Statistics in 2016. The other
data for the SAM came from China’s Statistical Yearbook, China’s Fiscal Yearbook, China’s Electric
Power Yearbook, China’s Tax Yearbook, and China’s Customs Statistical Yearbook. According to the
needs of the research, we reorganized the 42 sectors in the input-output tables into 11 sectors (see
Table 12). In addition, the institutional accounts included government, enterprises, a representative
household, and the factor accounts including capital and labour in the micro-SAM. The main purpose
of this paper is to simulate the impact of liberalisation of electricity market, so there is no further
disaggregation of household accounts.



Sustainability 2019, 11, 350 13 of 22

Table 12. Sectors covered by the CGE model and the corresponding notations.

Number Sectors Sector Codes in the
Input-Output Tables Abbreviations

1 agriculture 1 agr
2 coal mining 2 coal

3 oil, gas, refined oil
products 03, 11 OG

4 other mining 04, 05 mining
5 electricity generation 25 elec-G
6 electricity transmission 25 elec-T
7 electricity distribution 25 elec-D
8 manufacturing 06–10, 12–22 man
9 construction 28 cons

10 financial services 23, 24, 26, 27, 29–34 serv
11 public utilities 35–42 pub

Due to the lack of data availability, the initial SAM did not balance the sums of rows and columns.
The two approaches are often applied to circumvent this issue (the RAS method and cross-entropy
method). In this paper, we applied the cross-entropy method to balance the SAM. Table 13 presents
the macro-SAM for 2012.

The electricity sector in CGE model is divided into three sectors: Power generation, transmission
and distribution. Note that the latest I-O table contains only the relevant data of electricity,
heat production and supply. Therefore, we needed to decompose the data for power sector when
compiling the micro-SAM table.

First of all, compared with the production and supply of electric power, the production and
supply of heat is a very small sector. Accordingly, we did not decompose the relevant variables,
but directly use them to describe the production and supply of electric power. Secondly, we built our
model on the assumption that the transmission sector takes the output of the power sector as the sole
intermediate input, and the distribution sector, in turn, receives the output of the transmission sector
as the only input (Akkenik, Oguz, 2011). The output of the distribution sector is then electricity sales
to the end-users.
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Table 13. The macro-SAM table of China in 2012 (Unit: Billion).

Commodities Activities Factors Households Enterprises Government Row Capital Account qusto Total

Commodities 1,162,399 198,537 73,182 136,666 237,751 30,277 1,838,812
Activities 1,699,199 1,699,199

Factors 463,194 463,194
Households 288,471 31,536 14,764 401 335,172
Enterprises 172,503 172,503

Government 17,586 73,606 5820 43,115 −190 77,566 217,503
Row 122,027 2220 149 124,396

Capital Account 130,815 97,852 129,408 −12,481 345,594
qusto 30,277 30,277
Total 1,838,812 1,699,199 463,194 335,172 172,503 217,503 124,396 345,594 30,277



Sustainability 2019, 11, 350 15 of 22

4.2. Parameter Calibration

The CGE model involved two kinds of parameters: Some could be calibrated by applying
production functions (Section 3.1) and basic data, while the others had to be determined exogenously.
The latter parameters contained the share parameter, scale parameter, tax rate and transfer payments.
The former parameters contained the production factors substitution elasticity, Armington elasticity,
and CES elasticity. The parameters can be acquired by econometric methods or literature research.
Based on the earlier literature [39,40] and making appropriate adjustments, we obtained the parameter
values used in this paper (Table 14).

Table 14. Substitution elasticity parameters used in CGE model.

sectors agr coal OG min elec man con pub

εEC 0.7 0 0 0.7 0 0.7 0.7 0.7
εELECN 1.25 0 0 1.25 0 1.25 1.25 1.25

εqq 2.2 3 3 3 0.9 3 2 1.9
εqa 5 4 4 4 0.5 4.6 4 3.2

4.3. Counter-Factual Scenarios

Opinions Regarding the Deepening of the Power Sector’s Reform pointed out that the reform
should maintain a relatively stable electricity price for households, agriculture and public utilities.
We carried out two kinds of simulations, assuming different scenarios for the scope of the reform of the
Chinese electric power market. In Simulation 1, the scope of the market liberalization was restricted to
the industrial and commercial users (except for agriculture and public utilities); we refer to this setting
as the limited competition model. In China, the electricity price for households is not based on the
underlying cost level and, thus, involves serious cross-subsidization. In order to maintain a stable
level of electricity price for households, we assumed the electricity prices of households, agriculture
and public utilities are kept at the pre-reform level which is different from the earlier literature. During
such deregulation of the market, the cross-subsidization and the special funds must be maintained
for adjusting the transmission electricity price, i.e., partial regulation remains in effect. In Simulation
2, we assumed the liberalisation is fully accomplished by eliminating regulation and introducing
deregulation to all users, including intermediate users and end users (i.e., households); we refer to this
setting as the complete competition model. Although Simulation 2 is inconsistent with the current
reform framework, the simulation results can be used as a reference for further considerations.

For the power sector, there are the following conventions:

(1) In the production module, there is no substitutability among the three sub-sectors of power
generation, transmission and distribution. The total output of the power sector is the total output
of the power generation sector.

(2) In the trade module, the import and export of the electric power takes place in the power
distribution sector, and the residents will purchase electricity from the power distribution sector.
The trade function of the electricity sector is governed by Equations (18)–(25).

(3) The production price of electricity in the distribution sector (PAelec-d) is determined by the
commodity prices of the generation (PAelec-g) and transmission sectors (PAelec-t):

PQelec−g + PQelec−t = PAelec−d (41)

According to different reform scenarios, this paper simulated the deregulation of power generation
and distribution, analyses the effects of electric power market reform on the economic efficiency of
power enterprises and discusses the changes of input and output on the user side caused by the price
fluctuations. In this model, the return on investment in the generation and distribution sectors was
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assumed to be zero as an exogenous shock, and the return on investment in the transmission sector
was maintained at the base level.

For the power transmission sector, the following relationship holds:

PQ′elec−t = (1 + markup)PQelec−t (42)

where markup represents the level of sectoral returns with the base period return of the transmission
sector being 10%.

The introduction of competition in the power generation and distribution sectors has exerted
shocks on the market equilibrium. According to the general equilibrium theory, the whole economy
will approach another market equilibrium which will have an impact on the factor prices (including
energy prices) and households’ welfare. GAMS software was used to solve the CGE problem.
The macroeconomic and microeconomic changes under two simulated situations are shown in
Tables 15–17. The detailed discussion proceeds in the following sub-sections.

4.4. Macroeconomic Effect Analysis

According to the general equilibrium theory, the model redistributes the existing resources to
various sectors of the market economy to meet supply and demand through inter-sectoral transactions.
To put it otherwise, economic entities maintain the market balance through re-allocation of resources.
Therefore, the inefficiency of the power sector (X-inefficient behaviour) can be effectively eliminated
through competition. As labour can move among the sectors, the deepening of electricity market
reform might increase the labour income of residents by 0.024% and 0.018% (see Table 15, line 8) for
limited and full competition scenarios respectively. In addition to the increase in labour income, capital
gains would also increase which indicates increase in residents’ income by 0.037% and 0.031% (see
Table 15, line 5) depending on the degree of market liberalisation. The increase in income affects the
demand of residents which is reflected by the increase in consumption.

Table 15. Macro-level results of simulations (per cent changes from the baseline scenario).

Variable
Changes from Baseline Scenario (%)

Limited Competition Full Competition

1 Energy prices for households −10.358 −3.071
2 Energy composite use by households 2.283 0.743
3 GDP 0.612 0.441
4 EV (billion yuan) 7.710 2.316
5 Household income 0.037 0.031
6 Enterprise income 0.173 0.108
7 Government income 0.065 0.044
8 Labor price 0.024 0.018

Note: EV is the abbreviation of Hicksian equivalent variation.

GDP growth of 0.612% and 0.441% (see Table 15, line 3) indicates the positive impact of electricity
price decline with regards to consumption by industry, government and households in both scenarios.
According to the principle of the market equilibrium, the following reasons behind the GDP growth can
be identified. First, considering the supply side, the drop in electricity price induces the substitution of
electricity for other energy sources, which leads to the redistribution of resources through inter-sectoral
transactions and more efficient use of factor inputs (labour, capital, energy and non-energy intermediate
inputs). On the demand side, the increase of residents’ income which is caused by the increase of real
wages and the real capital gains results in an increasing aggregate demand (Akkemik, Oguz, 2011).
According to the balance condition, the increasing aggregate demand induces expansion of the total
output, which is quantified by GDP.
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Under different market liberalisation settings, social welfare increases by 7.710 billion RMB and
2.316 billion RMB (see Table 15, line 4). Note that the distribution of income between capital and
labour remains unchanged in the hypothesis of the factor market. Because of the positive impact
of deregulation on the factor prices, the revenue of government and enterprises has increased (see
Table 15, line 6, line 7).

Comparing the outcomes of the two scenarios (i.e. different columns in Table 15), suggests that the
social welfare under the limited competition would be higher than that under complete competition.
In addition, due to the serious cross-subsidies of electricity prices for residents, agriculture and public
utilities, the abolition of their protection will lead to the rise of electricity prices in the related industries.
Accordingly, the price of energy-consuming composite products in the complete competition model is
7.287% (see Table 15, line 1) higher than that in the limited competition model. Thus, the quantity of
consumer energy composite products is 1.54% (see Table 15, line 2) lower if compared to the limited
competition model.

In summary, the price of residential consumer energy products would decline under the two
simulation scenarios, while the consumption of energy products and GDP would go up to different
extents. Thus, the new power market policy can bring positive effects and meet the objectives of
the reform.

4.5. Macroeconomic Effect Analysis

4.5.1. Input-Output Analysis

In the first columns of Tables 16 and 17, we show the changes in sectoral total output under the
limited competition model and complete competition model. One can note the output of the power
sector could improve at different extents (1.84% and 2.72%, see Tables 16 and 17, line 5, column 1)
depending on the scenario. Because the incentive effect of complete competition model on electric
power enterprises is greater than that of limited competition model, the output is 0.88% higher than
that under the limited competition. However, the increase in the output of the power sector has a
negative impact on the total output of other energy sectors (such as coal, oil and gas). Under the
limited competition, the outputs of coal and oil and gas sectors decrease by 2.04% and 1.29% (see
Table 16, line 2, 3, column 1) respectively, whereas under the complete competition mode the outputs
decrease by 0.73% and 0.08% (see Table 17, line 2, 3, column 1) respectively. This shows that the new
policy is to change the structure of the energy-mix and increase the possibility of substituting electricity
for other energy sources which is in line with the 13th Five-Year Plan as well as the core idea of energy
revolution. Besides the power sector, the increase in total output is mainly concentrated in energy
intensive industries such as mining and manufacturing which rely on electricity as a major input.

Table 16. Micro-level results of simulation for limited competition model (per cent changes from the
baseline scenario).

Output Domestic
Consumption

Intermediate
Input

Commodity
Price

Capital
Price

Labor
Use PEC QEC

agr 0.43 0.25 −0.27 −0.33 0.91 0.64 −1.18 1.13
coal −2.04 −0.83 −0.17 −1.68 −1.11 −4.48 — —
OG -1.29 −0.51 −2.21 −1.09 −2.73 −2.41 — —

mining 1.99 0.15 0.44 −1.71 0.42 5.01 −0.54 0.55
elec-G 1.84 — −1.02 −6.8 −8.22 0.64 — —
elec-T 1.84 — 1.84 0.21 — −8.92 — —
elec-D 1.84 1.96 1.84 −9.61 — −5.59 — —
man 1.32 0.46 0.83 -1.34 0.51 6.11 −0.24 0.73
cons 0.22 0.93 0.65 −0.87 0.03 −7.72 −0.35 0.24
serv 0.41 −0.11 0.34 0.09 0.84 0.51 0.02 0.87
pub 0.54 0.18 −0.23 −0.08 0.37 0.39 −0.13 1.32
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Table 17. Micro-level results of simulation for full liberalisation (per cent changes from the baseline
scenario).

Output Domestic
Consumption

Intermediate
Input

Commodity
Price

Capital
Price

Labor
Use PEC QEC

agr −0.26 −0.19 0.07 0.17 0.57 0.47 0.18 −0.72
coal −0.73 −0.28 −2.04 −2.04 −0.78 −2.38 — —
OG −0.08 −0.37 −0.02 0.02 −2.48 −2.71 — —

mining 1.36 0.76 −1.58 −1.58 0.4 4.26 −0.47 0.62
elec-G 2.72 — −1.92 −6.27 −10.09 0.52 — —
elec-T 2.72 — 2.72 0.14 — −7.06 — —
elec-D 2.72 0.78 2.72 −8.15 — -4.92 — —
man 0.89 1.72 0.33 -1.27 0.36 3.78 −0.24 0.65
cons 0.11 0.46 0.06 −0.52 0.01 −4.66 -0.27 0.27
serv 0.21 0.96 0.11 0.06 0.73 0.32 0.02 0.63
pub −0.32 −1.57 0.12 0.02 0.15 0.19 0.07 −0.38

However, the output of agriculture and public utilities showed different trends under the two
scenarios. Under the limited competition scenario, the outputs of both sectors increase, while under the
complete competition model the outputs of both sectors go down to a substantial extent. This is mainly
due to the fact that in the first scenario, the electricity prices for agriculture and utilities remain at the
same level, which is much lower than the level of electricity price under the complete competition.
The increase in electricity price leads to a decrease in the outputs of the two sectors.

The efficiency of the generation sector can be measured by considering the reduction in the
intermediate input. From Tables 16 and 17, one can observe that the efficiency growth rate of the
generation sector is about 1.08% and 1.15%. According to the equilibrium theory, the improvement
in efficiency is due to the withdrawal of inefficient employees and the entry of new more efficient
companies. The increase in output will inevitably lead to the increase of the intermediate input of
the transmission and distribution sectors, which is 1.84% and 2.72%, respectively, under the limited
competition model and the complete competition model. It is assumed that there is no energy
substitution in the energy production sector. Thus, the decrease in the output of the fossil energy sector
(coal, oil and gas), renders a proportional decrease in the intermediate input. For agriculture and public
utilities, electricity prices and sector outputs are quite different under the two simulation scenarios,
which also leads to higher differences in the intermediate inputs. Under the limited competition
model, due to the electricity price protection policy, the electricity price is lower than the market
price. This renders lower value of the intermediate input and higher output. However, in the compete
competition model, the protection of electricity price vanishes and the intermediate input increases
with the output decreasing.

4.5.2. Commodity Prices and Consumption

The liberalisation of the power distribution sector brings about changes in the price system of
the market economy. The CGE model can approximate the resulting output commodity prices for
each sector under the market equilibrium conditions based on the price equilibrium mechanism.
Under the limited competition model, the supply price of the power generation sector drops by
6.80% (see Table 16, line 5, column 4), and the supply price of the electricity sales sector decreases
by 9.61% (see Table 16, line 7, column 4). The reason behind the decline in the price of electricity
supply is the increase in production efficiency of the sub-sectors. As the non-energy sectors takes the
cheaper electricity as an intermediate input, the change of electricity price will inevitably lead to the
price changes of non-energy products. Given the transmission sub-sector remains under government
supervision, the price of the transmitted electricity does not change. Besides agriculture and public
utilities, the composite energy price changes basically follow the same pattern across the sectors when
comparing the cases of limited and complete competition. Overall, the impact of the liberalisation is
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positive for each sector. Note that the phasing out of electricity price regulation induces the growth in
the price of the composite energy input in the agricultural and utility sectors.

In addition, commodity prices and domestic consumption showed an inverse relationship.
Specifically, for the non-energy sectors, commodity consumption increases with price reduction
under the limited competition model. In the power generation sector, non-electric energy sectors
decrease their output due switching to electricity (which becomes cheaper) if opposed to fossil fuels
being used as final energy. Under the completely competitive scenario, domestic consumption of coal,
oil and gas sector outputs decreases to a lower extent than it is the case in partial liberalisation as
output of the generation sector goes up. For agriculture and public services, domestic consumption
of their outputs decreases due to higher prices, and the consumption of public services decreases
to the greatest extent. For other sectors, the change is basically the same as that under the limited
competition mode.

4.5.3. Factor Market Analysis

Capital is not allowed to move across the sectors which implies the rate of return on investments
vary across the sectors. The results show that the rate of return on investment changes in each sector
due to liberalisation of the electricity market and the direction of change is the same under the two
scenarios. The return on investments declines in the electricity sector as electricity prices are no longer
maintained at the higher level. Among the sub-sectors, the power generation sub-sector faces the
most serious change, 8.22% and 10.09% increase in the ROI depending on the scenario assumed.
These results indicate that deregulation reduces the profit margins of the power generation industry
(see Tables 16 and 17, column 5).

Regarding labour demand (Tables 16 and 17, column 6), there are five sectors where labour
demand decreases due to electricity market deregulation with the transmission sub-sector facing the
most serious decline. Since this paper assumes labour mobility across the sectors, the reduced labour
demand in some sectors is compensated by increasing demand in the other ones proportional to the
changes in their outputs (most of the freed-up labour force is transferred to energy-intensive industries).
In relative terms, the change in demand for labour force is very small if compared to the total amount
of the labour force. This shows that the deregulation does not simply decrease employment in the
deregulated sector, but rather triggers increase in labour demand across the other sectors and thus
ensures redistribution of labour force by the market mechanisms (the invisible hand).

4.5.4. Energy Composite Commodity Analysis

Under the limited competition model, the prices of power, coal, oil and gas all decline. The changes
in energy product price will inevitably lead to the price changes of energy composite commodities.
In addition, the price of energy composite products decreases in non-energy sectors, except for the
service sector.

Due to the inverse relationship between price and demand, the decline in energy input prices
inevitably leads to an increase in consumption of energy composite commodities of 4.84% (see Table 16,
column 8) in the limited competition case. Due to the abolition of electricity price protection, the price
of energy composite commodity increases in agriculture and public utilities under the complete
competition scenario. In addition, the prices of energy composite products decrease in most of the
other sectors, which induces an increase in the demand for energy composite commodities. Thus,
deregulation is likely to stimulate the demand of the energy input.

5. Conclusions

In this paper, we applied a CGE model for the assessment of the impacts of reform of China’s
electricity industry. The results indicate that the reform can effectively reduce both the electricity price
and composite energy price. A complete competition in the electricity sector of China would lead
to an increase in electricity prices for households due to the abolishment of serious electricity cross-



Sustainability 2019, 11, 350 20 of 22

subsidies. The results imply reallocation of labour force across the sectors following the phase-out of
the regulations. Therefore, professional training and other services should be maintained in order to
ensure a smooth transition. From the perspective of sustainability, the liberalisation of the electricity
market is likely to fuel the substitution of electricity for other energy sources. Thus, improving the
sustainability of electricity generation (by removing backward capacity and switching to renewables)
may improve the sustainability of the whole economy of China.

The present research is limited in that the CGE model was built on a rather limited dataset.
Therefore, further research should address the following points. First, the CGE model constructed in
this paper is a static model, which uses single-year data as the baseline data. Indeed, one can establish
a dynamic CGE model to study the effects of the reform on the economy. Second, the substitution
parameters used in this model are based on earlier literature. One could further calibrate the parameters
involved so that they would represent China’s economic characteristics in a more accurate manner.
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