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Abstract: In Beijing, China, the rational consumption of energy is affected by the 

insufficient linkage mechanism of the energy pricing system, the unreasonable price ratio 

and other issues. This paper combines the characteristics of Beijing’s energy market, 

putting forward the society-economy equilibrium indicator R maximization taking into 

consideration the mitigation cost to determine a reasonable price ratio range. Based on the 

computable general equilibrium (CGE) model, and dividing four kinds of energy sources 

into three groups, the impact of price fluctuations of electricity and natural gas on the 

Gross Domestic Product (GDP), Consumer Price Index (CPI), energy consumption and 

CO2 and SO2 emissions can be simulated for various scenarios. On this basis, the integrated 

effects of electricity and natural gas price shocks on the Beijing economy and environment 

can be calculated. The results show that relative to the coal prices, the electricity and 

natural gas prices in Beijing are currently below reasonable levels; the solution to these 

unreasonable energy price ratios should begin by improving the energy pricing mechanism, 

through means such as the establishment of a sound dynamic adjustment mechanism 

between regulated prices and market prices. This provides a new idea for exploring the 

rationality of energy price ratios in imperfect competitive energy markets. 
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1. Introduction 

Beijing’s resources are scarce. With the rapid development of the economy, Beijing’s energy 

consumption is growing rapidly, and the environment is deteriorating. Beijing’s economic and social 

development has been troubled by the energy resource problem, which is one of the most important factors. 

Over the years, although Beijing’s energy price reform has achieved a certain degree of effectiveness, 

the reform process is slow and there are still many problems. A binding target—to decrease the carbon 

emission intensity by 18%—was promoted during Beijing’s “12th Five-Year” period; a reasonable 

energy pricing policy is one of the keys to achieving this goal. 

The energy price ratio, a proportional relationship of the prices among various forms of 

conventional energy, which can reflect the relative price relationship between different energies, is an 

important indicator with which to investigate the structure of energy prices [1]. Reasonable energy 

price ratios should balance economic, environmental and social factors, which not only can reflect the 

scarcity of energy and the cost of development and utilization, but also can consider the environmental 

abatement cost and the social affordability. 

Currently, the coal and crude oil prices in Beijing are market-oriented, while the Government 

regulates the prices of secondary energy sources like electricity, gas and oil products at a relatively low 

level in order to control the price levels to ensure social stability [2]. This causes serious cost burdens 

and operating losses for the power plants and oil refineries in the middle stream. In the past two years, 

due to the continual rises in coal and oil prices, many power plants and refineries have decreased their 

output in order to reduce production costs, sometimes causing electricity and oil shortages [3]. 

Serious price conflicts now exist between various types of energy, especially between “market coal” 

and “planned power”. 

In this context, it seems particularly important to try to discover the rational energy price ratios for 

different types of energy. Some studies have been done about energy price. Electricity price could be 

forecasted by wavelet transform method, linear Autoregressive Integrated Moving Average (ARIMA) 

method, nonlinear neural network method and Hybrid Principal Component Analysis Network method, 

and so on [4,5]. The Organization of Petroleum Exporting Countries (OPEC) plays an important role in 

the oil price [6] and oil and natural gas have a substation in North American and Southern Canada [7]. 

Furthermore, in China, the prices of coal and oil are highly correlated, but have no causal 

relationship [8–10]. The crude oil price in Japan, Scandinavia and Germany is non-stationary, 

while the electricity price is steady [11,12] and there is a long-run equilibrium relationship between the 

British oil price and the British gas price [13]. What is more, scholars and experts have studied the 

price ratio of electricity and coal [14,15], and those who have studied the price ratio of coal and 

electricity in the United States, Beijing and Shanghai have proposed that the price ratios of electricity 

and gas in Beijing and Shanghai are unreasonable, as the electricity prices are too low [16–18]. On the 

whole, these studies have only analyzed the correlation among the changes of several energy prices, 

while the evaluation of the energy price ratio standard has not been proposed directly. 

Reference [19] conducted preliminary research on the energy price ratio. It pointed out that there 

are two methods to evaluate the reasonableness of an energy price ratio: the economy standard and the 

international standard. The economy standard is a method that firstly assumes that the necessary costs 

for each alternative energy source to complete a task are equal; then it introduces the corresponding 
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energy consumption indicators; and finally a reasonable energy price ratio can be derived in reverse. 

The international standard is a basic form of balancing foreign and domestic energy prices, ensuring 

that the foreign and domestic energy prices remain roughly the same and that the domestic energy 

price ratios remain basically equal to the average international levels. Considering the use of the 

economy standard, it is necessary to find an “intermediary” that can consume coal, oil, gas, electricity 

and other energy sources simultaneously, but this can be relatively difficult. In addition, because the 

energy structure, energy consumption patterns and consumer price affordability vary in different 

countries or areas, therefore, Beijing’s rational energy price ratio level cannot be fully reflected by the 

international standard. Thus, more research into the suitable standard of Beijing’s rational energy price 

ratios needs to be carried out. 

In the light of the above, based on the computable general equilibrium (CGE) model, this paper 

considers the rational price ratio of typical energy sources in Beijing under the standard for 

maximizing the equilibrium indicator of the economy and the environment. The remainder of this 

paper is organized as follows: Section 2 consists of a brief description of Beijing’s energy pricing policy; 

Section 3 introduces the economy and society equilibrium indicator maximization model taking into 

consideration the migration cost; Section 4 presents the empirical analysis of Beijing’s rational energy 

price ratio; and Section 5 presents the conclusion and policy recommendations. 

2. Beijing’s Energy Pricing Policy and an Optimized Price Ratio Model Based on CGE Model 

2.1. Beijing’s Energy Pricing Policy 

The pricing methods for Beijing’s major energy sources, such as coal, electric power, oil and 

natural gas, are different. Beijing’s coal price has headed down the market road, while the prices 

of electricity, natural gas and oil are still mainly guided by the Government. However, the “market net 

back value” has been used in the natural gas price experimental unit. 

Before the 1980s, China’s coal price was determined by the Government as part of a long planned 

economy period. After the 1990s, marketization reform was gradually implemented. In 2004, a price 

linkage mechanism between coal and electricity was proposed, that is, the variation of electricity price 

was linked with the change of coal price. In 2007, the Government liberalized the steam coal price, but 

the intervention of export quotas and controversial issues was reserved. In nearly 30 years of reform 

and development, a trend towards planned and unplanned prices converging gradually was reflected in 

the evolution of Beijing’s coal pricing mechanism and the coal price remained relatively stable. 

“Market coal” and “planned power” still exist in China, and electricity tariffs can be divided into 

feed-in tariffs, transmission and distribution tariffs and sales tariffs. The feed-in tariff in Beijing has 

experienced capital and interest cost pricing, operational period electricity pricing and the 

benchmarking electricity pricing. 

According to the Adjustment Measures for Feed-In Tariffs of Local Power Plants published by the 

Beijing Municipal Commission of Development and Reform on 24 August 2005, and the Adjustment 

Measures for North China Electricity Price published by the National Development and Reform 

Commission (NDRC) on 29 November 2011, feed-in tariffs, transmission and distribution tariffs and 

sales tariffs in Beijing were also determined by the Government [20]. Since 1 July 2012, the residential 



Energies 2014, 7 2964 

 

 

multi-step tariff pricing reform implemented in Beijing, according to the Measures for Beijing 

Residential Multi-Step Tariff Pricing Reform published by the Beijing Development and Reform 

Commission on 15 June 2012. However, the price linkage mechanism between coal and electricity was 

not in place, and the average growth level of electricity tariffs is very low, so this cannot actually 

reflect the growth level of coal prices. Also, while the price ratio of electricity and coal remains 

unreasonable, the power generation business continues to run at a deficit. 

According to the oil products pricing system of “crude oil price plus cost”, which was officially 

published by the NDRC in January 2007, crude oil prices in three different places—Brent, Dubai and 

Mi-nas—were taken as the standard average price, while the domestic oil product retail base price was 

composed of various factors such as the benchmark average price, refining costs, proper profit spaces, 

domestic customs duty, and oil product circulation costs. According to the Implementation of Oil Price 

and Tax Reform published by the NDRC on 18 December 2008, and the Oil Price Management 

(Tentative) published by the NDRC on 7 May 2009, the crude oil price in Beijing could be determined 

independently by enterprises by referring to international market prices, while the NDRC could adjust 

the prices of oil products like gasoline, diesel and aviation kerosene when the moving average prices of 

crude oil in these three international markets changed by over 4% for 22 continuous working days [21,22]. 

The oil products prices were still mainly determined by the Government. Considering the domestic 

average processing costs, taxes, reasonable circulation link costs and proper profits, the corresponding 

cost parameters could be adjusted in a timely manner by the NDRC according to the reality of the 

economic situation. 

Beijing’s current natural gas pricing mechanism involves the price being determined by the central 

Government and Beijing Governments based on the natural gas supply process, and sub-division 

control has been carried out. The upper floating range of the natural gas base wellhead price was 10%, 

and its lower floating range was unlimited. Following the notice issued by the Beijing Municipal 

Commission of Development and Reform on 30 March 2007, the sales price of natural gas is linked to 

the alternative energy prices in principle [23]. Based on the factory benchmark price, the flotation 

range of the gas price is 10%, while the floating range is unlimited. 

2.2. CGE Model Structure 

The CGE model is a numerical simulation model that considers the linkages among all the markets, 

including the linkages of many economic agents with the optimal behaviour and the linkages between 

economic agents and markets. The CGE model puts all the economic agents and all the markets into a 

unified framework, reflecting the universal links between each component of the real economic 

system [24]. The CGE models in this paper are composed of five kinds of equations: price equations, 

production equations, income equations, expenditure equations and macroeconomic closure equations. 

The general laws of three economic subjects’ behaviors are described by the first four kinds of 

equations used in the CGE model from different aspects. The theoretical basis of the CGE model—the 

Walras General Equilibrium Theory—is reflected by the macro closure equations, and the system 

constraints are defined in it. 

The price equations define the demand price for commodities produced and sold domestically, 

the output value of domestic commodities, the price of aggregate intermediate input in activities, 
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the income and the cost of activities. The endogenous price variable links to other prices 

(endogenous or exogenous) and non-price variables: the lower-case Latin letters a and c represent 

activities and commodities, respectively: 

( )1 c c c c c c ctq PQ QQ PDD QD PM QM− = +  (1)

where referring to commodity c, tqc is the rate of sales tax; QQc is the quantity of composite goods 

supply; QDc is the quantity of domestic sales; QMc is the quantity of imports; PQc is the price of 

composite goods; PDDc is the demand price for commodity produced and sold domestically; and PMc 

is the price of imports: 

c c c c c cPX QX PDS QD PE QE= +  (2)

where referring to commodity c, QXc is the quantity of aggregate marketed commodity output; QEc is 

the quantity of exports; PXc is the average output price; PDSc is the supply price for commodity 

produced and sold domestically; and PEc is the price of exports: 

a c ca
c C

PINTA PQ ica
∈

= ⋅  (3)

where referring to activity a, PINTAa is the price of aggregate intermediate input; and icaca is the 

intermediate input c per unit of aggregate intermediate: 

( )1a a a a a a aPA ta QA PVA QVA PINTA QINTA⋅ − ⋅ = ⋅ + ⋅  (4)

where referring to activity a, PAa is the output price, that is, the aggregate income of per unit activity; 

taa is the rate of tax on producer gross output value; QAa is the level of domestic activity; PVAa is the 

value-added price; QVAa is the quantity of aggregate value-added activity; and QINTAa is the quantity 

of aggregate intermediate input. 

The relationships between product input and product output are described by production equations. 

There are 42 sectors in this model, including 4 energy sectors. The model assumes that the production 

function has constant returns to scale, and that the activity output of each sector follows a nested 

constant elasticity of substitution (CES) production function [25]: 

1

ρ ρ ρ[δ (1 δ ) ]
a a a
a a aa a a

a a a a a aQA QVA QINTAα
−

− −= ⋅ ⋅ + − ⋅  (5)
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cc QDQEaQX ρ

1

ρρ ))δ1(δ( −+=  (6)

1

ρ ρ ρ(δ (1 δ ) )
q q q
c c cq q q

c c c c c cQQ a QM QD= + − (7)

where referring to activity a and commodity c, QAa is the level of domestic activity; QVAa is  

the quantity of aggregate value-added activity; QINTAa is the quantity of aggregate intermediate input;  
a
aα  is the shift parameter for top level CES function; a

aδ  is the share parameter for top level CES 

function; a
aρ  is the CES top level function exponent; t

cα  is the shift parameter for CET function; t
cδ  is 

the share parameter for CET function; t
cρ  is the CET function exponent; α q

c  is the shift parameter  

for the Armington function; δq
c  is the share parameter for the Armington function; and ρ q

c  is the 

Armington function exponent. 
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The income and expenditure blocks of the model define the three subjects—households, enterprises 

and government—and they also describe their income sources and expenditure behaviours respectively. 

The model assumes that each household maximizes a “Stone-Geary” utility function subject to  

a consumption expenditure constraint. The total government spending is the sum of government 

expenditure on consumption and transfers, which is divided into Beijing government and central 

government. Enterprises allocate their incomes to purchase commodities for consumption and for 

transfers to other institutions: 

, ,f af f f a
a A

YF WF WFDIST QF
∈

= ⋅ ⋅  (8)

,

,
, ,,i i f i govi i

f F i INSDNG

YI YIF TRII trnsfr
∈ ∈

= + +   
(9)

l l l lYG INDTAX HTAX MBK= + +  (10)

,c c c c c gov rowYG TARIFF INDTAX HTAX MSJ trnfr= + + + +  (11)

where referring to factor f and activity a, YFf is the income; WFf is the economy-wide wage; 

faWFDIST  is the factor wage distortion variable; QFf,a is the quantity demanded; YIi is the income of 

domestic non-government institution i; YIFif is the income of institution i; TRIIii is the transfers to 

domestic non-government institution i from institution i'; trnsfri,gov is the transfers from government to 

institutions i; YGl and YGc is the total current Beijing government income and Central government income, 

respectively; and Beijing government income consists of indirect tax (INDTAXl), direct tax (HTAXl), 

and central government funding (MBKc) and Central government income consists of tariff (TARIFFc), 

indirect tax (INDTAXc), direct tax (HTAXc), local government expenses turned over to the central 

government (MSJc), and the transfers from the rest of the world (trnsfrgov,row). 

Government consumption: 

ll lQG GADJ qg= ⋅  (12) 

cc cQG GADJ qg= ⋅  (13) 

Household consumption: 

,
[ (1 ) (1 )]

c h h h h

h

h

c

YI MPS TINS

QH
PQ

β ⋅ ⋅ − ⋅ −
=


 (14)

Investment demand: 

c cQINV IADJ qinv= ⋅  (15)

where referring to commodity c, QGl and QGc are the quantity of Beijing government consumption 
and Central government consumption, respectively; lqg  and cqg  are the base-year quantity of Beijing 

government demand and Central government demand, respectively; lGADJ  and cGADJ  are the 

Beijing government demand scaling factor and Central government demand scaling factor, respectively; 

QHh is the quantity of household consumption; βc,h is the personal budget scale factor; YIh is the 

personal budget proportional coefficient; MPSh is the marginal saving rate; TINSh is the rate of direct tax; 
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QINVc is the quantity of investment demand; IADJ  is the adjustment factor of investment demand; and 

cqinv  is the quantity of investment demand in base period. 

In the trade block, the Armington function applies to commodities that are both imported and 

produced domestically, and the CET function applies to commodities that are both exported and 

sold domestically. The model also assumes that the world prices for import and export commodities 

are exogenous. 

The CGE model includes three macroeconomic balances: the government balance, the external 

balance (the current account of the balance of payments, which includes the trade balance) and the 

savings–investment balance. For the government balance, the government savings are a flexible 

residual, while all the tax rates are fixed. For the external balance, the real exchange rate is flexible, 

while the foreign savings (the current account deficit) are fixed. For the savings–investment balance, 

the real investment quantities are fixed [15]. 

2.3. Migration Cost Model 

In this module, the migration costs of each typical energy source in Beijing are estimated. 

2.3.1. The Emission of CO2 and SO2 

The major air pollutants, CO2 and SO2 are generated through the process of energy utilization.  

It is estimated that 70% of CO2 emissions come from coal combustion and the rest come from the 

combustion of oil, natural gas and other fossil fuels, while 90% of SO2 emissions come from coal 

combustion and the rest come from oil [26]. Therefore, in this paper, the total amount of CO2 and SO2 

emissions are analysed from the three energy—coal, oil and natural gas, and the CO2 and SO2 

emissions of various energy are calculated by multiplying the corresponding emission factors by the 

energy consumption and the total SO2 emissions are obtained by the same method, as shown in Table 1. 

Table 1. The total amount of emission of CO2 and SO2 in various energy. 

Energy Total amount of CO2 emissions Total amount of SO2 emissions 

Coal CO CO2 2

c c
cE EF QQ= ×

SO 22

c
c so c(1 η )E B QQ= − ×

Oil CO CO2 2

o o
oE EF QQ= ×

SO2

o
o oE B QQ= ×

 

Natural gas CO CO2 2

g g
gE EF QQ= × - 

In Table 1, 
CO2

cE , 
CO2

oE  and 
CO2

gE  are the total amounts of CO2 emissions of coal, oil and natural gas, 

respectively; 
SO2

cE  and 
SO2

oE  the total amounts of SO2 emissions of coal and oil respectively; QQc, QQo 

and QQg are the consumptions of coal, oil and natural gas, respectively; 
CO2

cEF , 
CO2

oEF  and 
CO2

gEF  are 

the CO2 emission factors of coal, oil and natural gas, respectively; Bc and Bo are the SO2 emission 

factors of coal and oil, respectively. In Beijing, desulfurization equipment has been installed in most 
power plants, and 2soη  is the desulfurization rate. 
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2.3.2. Emission Reduction Costs 

Emission reduction costs are the costs of certain features, such as carbon capture, desulphurization 

technologies, which can be used to reduce the impact of air pollutants on the environment, and the total 

emission reduction cost of CO2 and SO2 are analysed respectively. 

There are several alternative technological ways to reduce CO2 and SO2 emissions costs effectively. 

For CO2 emission reduction, these include using plant designs that offer more efficient power 

generation conversion of fossil fuels and more efficient capture and disposal of CO2 [27]. For SO2 

emission reduction, coal desulphurization is an important means of controlling sulphur dioxide 

pollution; this mainly includes clean coal technology, the circulation fluid bed combustion technique, 

and flue gas desulphurization technology [28]. Most scholars use marginal abatement cost to represent 

the CO2 emission reduction, and the forms of marginal abatement cost include quadratic, logarithmic, 

power and exponential function [29]. There are lots of factors affecting the marginal abatement cost, 

such as technology progress (carbon capture technology), government subsidies and government 

administrative regulation. Therefore, the paper adopts a quadratic curve to represent marginal 

abatement cost referring to Gao’s study [30], as shown in Equation (16): 

2 2 2

2
CO CO CO( ) ( )MC aR bR1 2 3= ξ ξ ,ξ ,ξ × +  (16)

where 
2

COMC  is the marginal abatement cost; 
2

COR  is the emission rate of CO2; ξ1, ξ2 and ξ3 are  

the factors of technology progress, subsidy and administrative regulation, respectively; ξ(ξ1, ξ2, ξ3) is 

the comprehensive coefficient function considering technology progress, subsidy and administrative 

regulation; a and b are the coefficients in the quadratic curve. 

For SO2, the China pollution charge Collection Standards and Calculation Methods report provides 

the pollution charge collection standards of each pollution equivalent of SO2. Therefore, this paper 
assumes the fee to be the SO2 marginal emission reduction cost, which is represented by 

2SOMC . 

The total emission costs of CO2 and SO2 in various energy are shown in Table 2. 

Table 2. The emission reduction costs of CO2 and SO2 in various energy. 

Energy The total emission reduction cost of CO2 The total emission reduction cost of SO2 

Coal CO CO CO2 2 2

c cC MC E= ×
SO SO SO2 2 2

c cC MC E= ×  

Oil CO CO CO2 2 2

o oC MC E= ×
SO SO SO2 2 2

o oC MC E= ×  

Natural gas CO CO CO2 2 2

g gC MC E= ×  - 

In Table 2, 
CO2

cC , 
CO2

oC  and 
CO2

gC  are the total emission reduction costs of CO2 in coal, oil and 

natural gas, respectively; 
SO2

cC  and 
SO2

oC  are the total emission reduction costs of SO2 in coal and 

oil, respectively. 
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2.4. The Society-Economy Equilibrium Indicator Maximization Taking into Consideration the 

Mitigation Cost 

This paper assumes that kij represents the different price ratios between energy i and energy j,  
and o

ijk  is the base scenario of the price ratio between energy i and energy j. Through setting different 

kij levels, and based on the CGE model, we can obtain respectively the changes in real Gross Domestic 

Product (GDP), Consumer Price Index (CPI) and fossil energy consumption compared with the base 

scenario under various price fluctuations of electricity and natural gas. Then, according to the results 

shown in Figures 1 and 2, the changes in CPI, GDP and energy consumption compared with the base 

scenario under various price fluctuations can be calculated. 

Figure 1. Change trend of Consumer Price Index (CPI) and Gross Domestic Product 
(GDP) at every i

eck . 

 

Figure 2. Change trend of energy consumption at every i
eck . 

 

The so-called society-economy equilibrium indicator maximization taking into consideration  

the mitigation cost is the macroeconomic indicator of real GDP variation maximization after deducting 

the emission reduction cost variation, which is described by the variable R here. The mathematical 

model is shown by Equation (17): 
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2 2 2 2 2 2 2 2 2 2

max ( ) ( )

[ ( ) ( ) ( ) ( ) ( )]
co co so so co co so so co co

ij ij

c c c c o o o o g g
ij ij ij ij ij

R k GDP k

C E k C E k C E k C E k C E k

= Δ −

Δ + Δ + Δ + Δ + Δ
 (17)

2

2

. .
0

0

0

i
ij

j

ij

co

so

P
k

P

CPI CPI CPI
s t

k

C

C

− +

 =

 ≤ ≤


>
 ≥


≥

 (18)

where R(kij) is the equilibrium indicator when the price ratio between energy i and energy j is kij; 
)( ijkGDPΔ  is the variation of real GDP when the price ratio is kij compared to o

ijk ; 
CO2

c ( )ijE kΔ , 

CO2

o ( )ijE kΔ  and 
CO2

g ( )ijE kΔ  are the variations of CO2 emissions produced by coal, oil and natural gas; 

SO2

c ( )ijE kΔ  and 
SO2

o ( )ijE kΔ  are the variations of SO2 emissions produced by coal and oil; Pi and Pj are 

the average retail prices of energy i and energy j, respectively; CPI
+  and CPI

−  are the upper and 

lower limits of CPI, respectively. For Beijing, inflation is a sensitive social issue, and maintaining 

price stability is an important aspect of macro-economic control by the Beijing’s government in 

recent years. Therefore, CPI is a major constraint in the model. 

3. Simulation 

3.1. Basic Data 

3.1.1. Macro SAM 

The latest input-output table is from 2010; therefore, the data of the social account matrix (SAM) in 

this paper were compiled on the basis of the input-output table for 2010 and updated to 2013. The data 

and sources of the macro SAM are summarized as follows: the data of activities, commodities, 

import and export comes from the Beijing Input-output Table for 2010 [31]; the data of revenue and 

expenditure of government comes from the Beijing’s Fiscal data 2011 in the National Bureau of 

Statistics of China [32]; the data of quantity of import and export commodities, revenue and 

expenditure of households, enterprises, and government comes from the Beijing Statistical Yearbook 

2011 [33]. 

The RAS method and cross-entropy method are widely used to balance the SAM [34]. In this paper, 

the cross-entropy method was used to balance the micro SAM in the General Algebraic Modeling 

System (GAMS) software environment. The macro SAM of 2013 is shown in Table 3. 
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Table 3. Beijing macro SAM of 2013 (unit: Billion Yuan). 

Account ACT COM LAB CAP HH ENTR LGOV CGOV OP ROW S-I DSTK Total 

ACT - 63,722 - - - - - - - - - - 63,722 

COM 40,712 - - - 6,701 - 3,099  2,068 17,860 10,169 9,523 1,880 92,013 

LAB 10,450 - - - - - - - - - - - 10,450 

CAP 10,061 - - - - - - - - - - - 10,061 

HH - - 10,450 - - 66 418 - - - - - 10,934 

ENTR - - - 10,061 - - - - - - - - 10,061 

LGOV 1,125 - - - 310 209 - 3,102 - - - - 4,746 

CGOV 1,374 773 - - 7 515 1,205 - - 1,329 - - 5,204 

OP - 18,971 - - - - - - - - - - 18,971 

ROW - 8,547 - - - - - - - - - - 8,547 

S-I - - - - 3,915 9,271 23 34 1,111 −2,951 - - 11,404 

DSTK - - - - - - - - - - 1,880 - 1,880 

Total 63,722 92,013 10,450 10,061 10,934 10,061 4,746 5,204 18,971 8,547 11,404 1,880 247,993 

Note: ACT—activities; COM—commodities; LAB—labor; CAP—capital; HH—households; ENTR—enterprises; LGOV—local government; 

CGOV—central government; OP—other province; ROW—rest of the world; S-I—savings investment; DSTK—stock changes. 

3.1.2. The Set of the Parameters in the CGE Model 

The key parameters in this paper are specified based on previous studies [35–37]. The settings are 

as follows: the substitution elasticity between total factor input and total intermediate input is 0.1; 

the same elasticity value 0.9 is adopted by the substitution elasticities of the CES production function 

of all the sectors; the substitution elasticities of the CES production function under the next four layers 

are 0.3, 1.3, 1.01, 0.98 referring to the literatures [38,39]; the expenditure elasticities of market demand 

for commodities in agriculture, industry and services by household are respectively 0.5, 1.0 and 1.2; 

and the Frisch parameter is −3. The sectoral elasticity values are adopted from the literature [40]. 

3.1.3. Energy Prices 

As the energy sectors have not been divided in a detailed way in the Chinese input–output table,  

the unit energy prices calculated by the estimation of the average retail price seem more reasonable 

than the prices calculated by the SAM. The average retail prices of the different energy sources can be 

estimated as follows: 

• The average sales price of oil can be obtained by weighting the gasoline price and the diesel 

price according to the consumption ratio of gasoline and diesel in 2013; that is, 1:1.92. 

• The average retail price of gas is estimated by weighting the industrial natural gas and residential 

natural gas prices according to the natural gas consumption ratio in 2013; that is, 3.8:1. 

• The average retail price of coal is an average sales coal price for the commercial use of state-owned 

coal enterprises. Additionally, the standard coal price is converted by raw coal’s calorific value, 

assuming 5000 kcal/kg here. The average retail prices of different forms of energy are shown in 

Table 4. 
  



Energies 2014, 7 2972 

 

 

Table 4. Average retail energy prices of 2013 in Beijing. 

Energy 
Average retail 

price 
Conversion factor 

Average retail price 

after conversion (US$/t) 
Source 

Electricity 0.632 yuan/kW·h 1 kW·h = 8.6 × 10−5 t 1186.64 
Electricity sales price  

Table of Beijing 2013 [41] 

Oil 8.32 yuan/L 1 L = 8.346 × 10−4 t 1609.70 
The national oil market management 

information system [42] 

Natural gas 3.03 yuan/m3 1 t = 1.111 × 103 m3 543.08 
Beijing Price  

Monitoring Center [43] 

Coal 580.00 yuan/t 1 × 107 kcal = 1 t 187.31 ccei.org.cn [44] 

Note: The exchange rate between RMB and US Dollars of 2013 is 6.193 yuan/US$. 

According to the above, the ratio of electricity price: oil price: gas price: coal price is 6.3:8.6:2.9:1. 

3.1.4. Emission Factors and Emission Reduction Costs 

According to the database of emission factors provided by the Intergovernmental Panel on Climate 

Change (IPCC) [45], CO2 and SO2 emission factors are calculated after the conversion of fuel calorific 

values as shown in Tables 5 and 6, and the model to calculate CO2 emission factors is shown by 

Equation (19): 

2

9
CO = 10 α η 1000EF LHV −× × × × ×θ  (19)

where 
2COEF  is the CO2 emission factor; LHV  is the average lower calorific value; α is the carbon 

content of unit calorific value; η is the carbon oxidation rate; and θ is the conversion coefficient of 

carbon to carbon dioxide, which is set 3.66667. 

Table 5. CO2 emission factors. 

Energy  LHV  
Convert coefficient 

to standard coal 

Carbon content of 

unit calorific value 

Carbon 

oxidation rate 
Emission factor 

Coal 20,908 kJ/kg 0.7143 kg ce/kg 26.37 (t-C/TJ) 0.94 1.9003 kgCO2/kg 

Oil 41,816 kJ/kg 1.4286 kg ce/kg 20.1 (t-C/TJ) 0.98 3.0202 kgCO2/kg 

Natural gas 38,931 kJ/m3 1.3300 kg ce/m3 15.3 (t-C/TJ) 0.99 2.1622 kgCO2/m
3 

Note: 1. The lower calorific value of one kilogram standard coal (1 kg ce) is equal to 29,307 (kJ), and the data of coal  

and oil are represented by the raw coal and crude oil, respectively; 2. The data of first two columns in the above table 

refers to The General Calculation Principles of the Comprehensive Energy Consumption (GB/T 2589-2008) [46];  

3. The data of next two columns in the above table refers to Provincial Greenhouse Gas List Compilation Guidelines 

(NDRC[2011]1041) [47]. 

Table 6. SO2 emission factors. 

Emission source SO2 Unit 

Oil 0.0018 kg SO2/kg 
Natural gas - kg SO2/kg 

Coal 0.0704 kg SO2/kg 

Note: China’s fuel calorific values came from Energy Statistics Manual 2008 [48]. 
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According to China’s regulation of environmental protection [49], the desulphurization rate of the 

coal-fired units should generally exceed 90% in order to guarantee the achievement of SO2 emission 
standards. Therefore, in this model 

2soη  is 90%. 

For CO2, the coal-fired and gas-fired power plants in Beijing employs carbon capture and storage 

technology (CCS) to reduce the CO2 emissions, and the government implements favorable policies, 

such as the reduction of enterprise income tax and value-added tax, to encourage enterprises to achieve 

energy conservation and emissions reduction, and uses administrative regulation measures to further 

ensure the environmental protection effect. Referring to the research of Gao [30], a and b are set by 

0.0565 and 1.6896, respectively. The reduction emission rate of CO2 in 2013 reached 4.2% [50], 

so considering comprehensive coefficient function, the marginal reduction cost of CO2 is US$40.5/t. 

What’s more, for the coal-fired power plant, the marginal reduction cost of CO2 reached US$15–70/t, 

and it would be US$100/t adding the transportation and storage cost [51]; for the gas-fired power 

plant, the total cost of carbon capture, transportation and storage is between US$16/t  

and US$92/t [52], therefore, after conversion according to the 2013 exchange rate, this paper sets 

2COMC  = 250 yuan/t. 

For SO2, the China pollution charge Collection Standards and Calculation Methods report provides 

the pollution charge collection standards of each pollution equivalent of SO2. Therefore, this paper 
assumes that 

2SOMC  = 630 yuan/t. 

3.1.5. The Energy Consumption Pattern and Urban Development Forecast in Beijing 

Due to the deteriorating air quality in Beijing, the city’s coal consumption is in the gradually 

decrease, however, the consumptions of natural gas, oil and electricity all have some different degrees 

of rises. In 2013, the city’s total coal consumption was accounted for 21% of the total energy consumption, 

and the proportions of total oil consumption and natural gas consumption were 34% and 15%; the total 

electricity consumption in 2013 was 91.3 billion kW·h, which was accounted for 25% in the city’s  

total energy consumption, and the proportion of renewable energy was 5%. It can be seen that  

the proportion of the coal, oil, natural gas and electricity in the total energy consumption was 

0.84:1.36:0.6:1, which is significantly lower than the average national level and world’s level. 

Overall, coal is no longer the primary energy consumption in Beijing, and the electricity consumption 

has ended its rapid growth for nearly 10 years, which will enter a more moderate growth period, and 

oil and electricity will have been dominant in energy consumption structure. 

According to the Beijing’s development direction and development policy, energy supply and 

demand structure, industrial structure and way of energy consumption would be adjusted urgently.  

In order to create a blue sky to Beijing, the local government enacts a policy named “Beijing Clean Air 

Action Plan from 2013 to 2017”, and some specific measures are as follows: Firstly, four gas 

thermoelectric center would be endeavor to put into use within 2014, and coal consumption will be cut 

2.6 million tons in the whole year. By 2017, the city’s total coal consumption will be cut down by 

13 million tons compared with 2012, which is controlled within 10 million tons, and the proportion of 

coal consumption accounted for the total energy consumption will be dropped to 10%; Secondly, the total 

amount of motor vehicles will be controlled within 5.6 million, and 300 polluting enterprises will be 

ordered to move out of Beijing; Thirdly, the “replace coal and oil by electricity” policy will be 
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actively promoted, by 2017, the proportion of electricity consumption from other provinces will be up 

to 70%, and the total electricity consumption will be accounted for 40%. At the same time, Beijing will 

comprehensively use natural gas to generate electricity, and five large coal-fired power plants will be 

shut down, which will be replaced by gas-fired power plants. Fourthly, the industry structure will be 

transformed, and gradually developed the innovative and high technology industries and strategic 

emerging industry, in order to encourage the enterprises’ green operation and promote the adjustment 

of industry structure. By the year 2015 and 2017, the proportion of tertiary industry will be up to 78% 

and 79%, respectively. Overall, the future urban development in Beijing will be still on the rise, and its 

energy consumption patterns will gradually be transformed to clean energy. On the basis of macro-SAM 

of Beijing in 2013, a new SAM table in 2017 considering energy consumption pattern and urban 

development will be predicted to further analyze its reasonable energy price ratio, which can be shown 

as Table 7. 

Table 7. Beijing Macro SAM of 2017 (unit: Billion Yuan). 

Account ACT COM LAB CAP HH ENTR LGOV CGOV OP ROW S-I DSTK Total 

ACT - 61,844 - - - - - - - - - - 61,844 

COM 42,621 - - - 6,223 0 1,778 1,185 18,519 9,562 7,152 1,795 88,834 

LAB 3,030 - - - - - - - - - - - 3,030 

CAP 13,611 - - - - - - - - - - - 13,611 

HH - - 3,030 - - 5,419 475 - - - - - 8,924 

ENTR - - - 13,611 - - - - - - - - 13,611 

LGOV 646 - - - 91 101 - 3,057 - - - - 3,895 

CGOV 1,938 443 - - 362 539 838 - - 1,667 - 370 6,156 

OP - 16,650 - - - - - - - - - 860 17,510 

ROW - 9,897 - - - - - - - - - - 9,897 

S-I - - - - 2,247 7,552 804 1,913 −1,009 −1,331 - - 10,176 

DSTK - - - - - - - - - - 3,025 - 3,025 

Total 61,844 88,834 3030 13,611 8924 13,611 3895 6156 17,510 9897 10,176 3025  

3.2. Empirical Analysis 

According to China’s energy prices for 2013, the price ratios among different energy sources are: 

electricity price: coal price 6.3:1, natural gas price: oil price 1:3; and natural gas price: coal price 2.9:1. 

The emission reduction costs of CO2 and SO2 are 251 yuan/t and 630 yuan/t, respectively. These are 

simulated respectively based on the CGE model. 

3.2.1. Electricity and Coal 

The base scenario of the electricity price: coal price is 6.3:1, and from this we can assume the 

existence of eight different price ratio scenarios. In fixing the coal price, the eight change rates of 

electricity prices are calculated according to the eight price ratio scenarios and the fixed coal price. 

After this, the eight change rates can be used to simulate how the economic system will react, which is 

equal to the simulation influence of price ratio fluctuations. Finally, we can obtain the changes in 

GDP, CPI and energy consumption under a new equilibrium relative to the base scenario. 
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According to Tables 1 and 2, the changes in CO2 and SO2 emissions can be obtained, and the 

equilibrium indicator R can also be calculated according to Equation (17). 

As can be seen from Figure 1, an increase in the price ratio between electricity and coal can cause a 

negative impact on the macroeconomy. Heavy industries and high energy-consumption industries are 

greatly affected by electricity price fluctuations. The increase in the price ratio between electricity and 

coal raise the production costs of these high energy-consumption industries, and reduce corporate 

profits and further affect enterprises’ productive enthusiasm, and the GDP will decline to some extent 

with the increase in the price ratio. At the same time, through inter-sectoral linkages, the increase in 

the price ratio promotes the increase in terminal product prices, and this will further aggravate the risk 

of inflation. With the gradual increase of the price ratio between electricity and coal, the CPI change 

rate tends to rise, and the inflation pressure will gradually expand for an acceptable range of 

consumers, inflecting that the increase of price ratio has a negative impact on GDP and CPI, so that 

only the price ratio is within a reasonable limit, the economy can be developed sustainably and the 

inflation pressure can be rational. 

As shown in Figure 2, with an increase in the price ratio between electricity and coal, the consumption 

of coal, oil, natural gas and electricity will decrease gradually. When the price ratio is 10:1, the price 

ratio increase has the greatest impact on electricity, which is decreased by 3% and then on coal, 

inflecting that with the increase of price ratio, these two energy related to the change of price ratio will 

have a higher decrease and various energy consumption would be different due to different energy 

substitution elasticities. From the perspective of decreased trend, the impact of energy demand changes 

caused by the increase of price ratio on the decline of energy consumption is higher than the impact of 

substitution elasticity. In addition, a decrease in the energy consumption leads directly to a decline in 

the CO2 and SO2 emissions in various energy, and the CO2 emissions produced by coal is within the 

largest decrease, followed by oil and natural gas, and the SO2 emissions produced by coal is also 

within the largest decrease, which are all related to the characteristics of fossil energy and energy 

substitution elasticities. 

From the GDPΔ trend, the macroeconomy displays negative growth with the rise in the price ratio 

between electricity and coal, and here it is defined as a negative economic effect caused by the price 

ratio increase. From the trend of the total cost C of emission reduction, it declines with the decrease in 

CO2 and SO2 emissions. If such expense C is taken as a negative environmental effect, −C can be 

considered as a cost saving caused by the decrease in CO2 and SO2 emissions, and here the rise of −C 

is defined as a positive environmental effect. Thus, according to Equation (17), the equilibrium indicator 

R increases with the rise in the price ratio (see Figure 3–5) under the influence of these two effects. 

This shows that when the CO2 and SO2 emission reduction costs are 250 yuan/t and 630 yuan/t, 

respectively, the positive environmental effect is greater than the negative economic effect caused by 

the rise in the price ratio, which can provide a reference for the energy price policy and improving the 

price ratio appropriately can be beneficial to the comprehensive influence of economy and 

emission reduction. However, the price ratio cannot rise infinitely due to the constraint of CPI. 

Therefore, considering the combined impact of the price ratio, this paper uses the equilibrium indicator 

R maximization to determine the reasonable price ratio range. Given that the residents’ price 

affordability is not unchangeable, under the different CPI constraints, the value of equilibrium 

indicator R is different and the corresponding rational price ratio is also different. This paper assumes 
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three CPI constraints to determine the distribution of the rational price ratio. As shown in Table 8, 

the distribution of the rational price ratio is 7.3:1–9.3:1. 

Figure 3. Change trend of R at every i
eck . 

 

Figure 4. Change trend of CO2 emission at every i
eck . 

 

Figure 5. Change trend of SO2 emission at every i
eck . 
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Table 8. Rational price ratio between electricity and coal under different CPI constraint. 

No. CPI constraint R value range The rational price ratio corresponding to Max (R) 

1 −1% ≤ CPI ≤ 1% −6.77 ≤ R ≤ 1.50 7.3:1 
2 −2% ≤ CPI ≤ 2% −15.71 ≤ R ≤ 2.31 8.3:1 
3 −3% ≤ CPI ≤ 3% −23.56 ≤ R ≤ 2.72 9.3:1 

The energy price ratio considering energy consumption pattern and urban development in Beijing 

is analyzed. From Table 7 we can see that, with the increasing development of city and the 

improvement of people’s life quality and requirements on environmental quality, in the future, the 

proportion of natural gas and renewable energy power generation accounted for final energy 

consumption will gradually rise, and the proportion of fossil fuels such as coal and oil, which would 

produce large amount of pollutants, will gradually decline, and the proportion of secondary industry in 

the industrial structure will also be a corresponding decline, so that electricity will become the major 

consuming energy to the citizens and commercial enterprises. Nowadays, the electricity production 

still gradually relies on fossil fuels in recent years and the electricity price is of exogenous 

characteristic in China, while the oil price and coal price are determined by the market, however, with 

the implementation of government’s pollution control policies, the energy price ratio between 

electricity and coal, oil will not change in a large extent. 

Taking the price ratio between electricity and coal as an example, the distribution of the rational 

price ratio is 8:1–10:1 within the above different CPI constraints. In the future, with the gradually 

mature renewable energy generation technology, the clean electricity will certainly replace the highly 

polluting energy such as coal and oil, then the price ratio would be increase, that is, if the coal price is 

fixed, the increase rate of electricity price will be higher, reflecting that when the future energy 

consumption pattern is being optimized, the future energy prices and energy price ratio will gradually 

tend to be more reasonable; What’s more, along with the decrease of proportion of secondary industry 

and the reduction of high energy-consuming enterprises, the change of price ratio between electricity 

and coal will not have much impact on GDP and CPI will increase in some extent, however, with the 

improvement of living standards and development of urban environment, consumers’ satisfaction will 

not have a great decrease, which is beneficial to create a more harmonious and healthy society. 

3.2.2. Natural Gas and Oil, and Natural Gas and Coal 

The second and third groups are natural gas and oil, and natural gas and coal. Fixing the oil price 

and coal price, respectively, and using the same approach as with the first group, we obtain the two 

different change rates for the natural gas price. Based on the CGE model, we can obtain the simulated 

results for each group’s price ratio fluctuations. These two groups of price ratios are actually studies of 

the impact of natural gas price changes on the economy and the environment, but the difference is that 

the reference benchmark of setting natural gas price change rates is different, in that one group takes 

the fixed oil price as a benchmark and another group takes the fixed coal price as a benchmark. 

Therefore, we can discuss the two groups together. 

With the increase in the price ratio of gas and oil kgo and the price ratio of gas and coal kgc, the 

change rates of GDP and CPI increase gradually, while there are slight declines in the change rates of 
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energy consumption and CO2 and SO2 emissions. Overall, there will be a limited impact of the natural 

gas price changes on the economy, inflation and the environment, mainly because it has the smallest 

proportion of natural gas in Beijing’s energy consumption structure. In 2013, natural gas consumption 

accounted for 5.9% of the primary energy consumption, so the economic development still shows 

relatively low dependence on natural gas. Using the same method as for the first group, the 

distributions of the rational price ratios of natural gas and oil, and natural gas and coal, can be 

determined, as shown in Figures 6 and 7. Compare the curves in Figures 6 and 7, one convex and one 

concave, indicating that under certain other conditions, the adjustment of the price ratio of gas and oil 

would make a better contribution to R relative to the price ratio of gas and coal, the rational 

distributions of kgo and kgc become 1:5–1:1 and 4:1–7:1, respectively. 

Figure 6. Change trend of R at every i
gok . 

 

Figure 7. Change trend of R at every i
gck . 
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Table 9. Comparison of two results between the computable general equilibrium (CGE) 

simulation and International standard. 

Energy ratio Baseline CGE simulation results International level a U.S. b 

Electricity price: coal price 6.3:1 7.3:1~9.3:1 13:1 15:1 
Gas price: coal price 2.9:1 4:1~7:1 4:1 5:1 

Note: a with the average price ratio of Organization for Economic Co-operation and Development (OECD), 

represents the international average. The price ratios are calculated according to 2007 energy price statistics 

of OECD. b the price ratios are calculated according to 2007 energy price statistics of the United States. 

Data source: IEA, Energy Prices and Taxes Quarterly Statistics second quarter 2010 [53]. 

The optimal energy price ratios obtained in this study are from the perspective of economy and 

environmental endurance, while the international standard emphasizes the balance of energy utilization 

in Beijing and abroad. Although the two methods originate from different perspectives and have merits 

and demerits respectively, in the light of the results, the two methods both show that Beijing’s current 

price ratios for electricity and coal, and natural gas and coal are a little low. Therefore, electricity and 

natural gas prices should be further adjusted to balance the relationship between economic growth and 

the environment. 

3.3. Sensitivity Analysis 

In the model to determine rational energy price ratios, the emission reduction costs vary, caused by 

the differences in emission reduction technologies, industry types and emission reduction targets, 

as well as other factors. More importantly, the emission reduction costs play a crucial role in the final 

results as important parameters. Therefore, taking the analysis of the result of the price ratio between 

electricity and coal as an example, we perform a Monte Carlo simulation of the model with the 

different CO2 and SO2 emission reduction costs. The natural gas price ratios are no longer described 

with a similar analysis method. Because of insufficient costs data to fit, and because the triangular 

distribution can be seen as a rough approximation of the other distribution, the paper assumes that CO2 

and SO2 emission reduction costs obey triangular distribution with parameters shown in Table 10. 

Table 10. Uncertainties probability distribution estimation. 

Uncertainties 
Probability 
distribution 

Parameters 

Minimum 
(yuan/t) 

The most probable 
value (yuan/t) 

Maximum 
(yuan/t) 

CO2 emission reduction cost Triangular distribution 125 250 375 
SO2 emission reduction cost Triangular distribution 315 630 945 

Based on Table 10, 180 results of CO2 and SO2 emission reduction costs respectively can be 

obtained through 180 uses of the Monte Carlo simulation. On this basis, according to Equation (17), 
the distributions of the equilibrium indicator R at every i

eck  can be obtained. 

As shown in Figure 8, the equilibrium indicator R shows different trends with different costs. 

The determination of rational energy price ratios is influenced by the mitigation cost, which should be 

based on different regions, different energy saving technology and cost. 
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Figure 8. Change trend of R with i
eck  under the 180 cost simulation results. 

 

4. Conclusions 

This paper establishes the society–economy equilibrium indicator maximization model taking into 

consideration the economic development and mitigation cost and analyses the optimized price ratio in 

different situations, and then explores the impact of Beijing’s energy price ratio fluctuations on the 

economy and the environment, and Beijing’s reasonable energy price ratio. Although this model has 

some weaknesses in the treatment of mitigation cost, it provides a new idea for exploring the 

rationality of energy price ratios in imperfect competitive energy markets. It combines the energy 

system with the society-economy-environment system, which has some reference value in the 

determination of rational energy price ratios. 

Reasonable energy price ratios should not only reflect the scarcity of energy and the cost of 

development and utilization, but should also consider the environmental abatement cost and the 

social affordability. Currently, the regulated prices of Beijing’s final energies, such as electricity and 

gas are too low, and these cannot fully reflect either the average or the marginal costs, leading to an 

unreasonable energy price ratio.  

Beijing should consider improving the energy pricing mechanisms, such as the establishment of a 

sound dynamic adjustment mechanism between regulated prices and market prices, as well as a more 

reasonable energy price ratio to be formed by appropriate regulation. These would be preferable to 

liberalizing the retail prices for electricity or natural gas. Using the empirical analysis, the influence on 

the economy and the environment of the price ratio fluctuations between electricity and coal is 

greater than the price ratio fluctuations between natural gas and oil, or between natural gas and coal. 

Therefore, electricity price reform is particularly important for the establishment of reasonable 

energy prices. 

From the CPI results, it is apparent that the inflation is much more sensitive to electricity prices 

than natural gas prices. Thus, the NDRC should proceed much more cautiously with electricity price 

reform than natural gas price reform, and consider social and environmental factors comprehensively. 

The price increase in resources and other relevant factors means that the burden of the increase 

will fall on midstream and downstream businesses and on residential expenditure, however, with the 

transformation of energy consumption pattern and the further urban development in Beijing, the residents’ 

living standards will be improved, the urban environment quality will be developed and the energy 

price ratio will gradually move towards a more reasonable level balanced with energy supply and demand. 
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Therefore, to achieve the reform of energy price, they should be supplemented by increases and 

improvements in resource taxes: on the one hand, the timely introduction of resource taxes can achieve 

internalization of external costs, so that those who profit from higher prices of resources can undertake 

social responsibilities correspondingly; on the other hand, tax reduction can relieve the impact of 

increases in upstream prices on midstream and downstream businesses and on residents. 
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