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Abstract: This paper discusses energy conservation and emissions reduction (ECER) in China’s
power sector. To better understand China’s successes and failures on energy conservation in the
electricity industry, first it is important to know the status of China’s power sector, and the key energy
conservation actions, as well as the achievements in the past years. Second, two ECER scenarios
are constructed to probe the 2020 energy conservation potential. Results show that the potential is
estimated to be more than 240 million tons of coal equivalent (Mtce). Third, the improvement of coal
power operations, structures and technologies, and ambitious deployment of energy conservation
measures are proposed to fully explore the potential of China’s power industry. Fourth, great
challenges for China’s ECER and some suggested policies are summed up. The lessons learnt from
China will provide a valuable reference and useful inputs for other emerging economies.

Keywords: power sector; energy conservation; emissions reduction; China

1. Introduction

Due to the characteristics of China’s energy resource attributes, the current power generation mix
dominated by coal leads to enormous emissions, which is a key concern for energy conservation and
emissions reduction (ECER). There are some papers focused on China’s ECER. Liu et al. analyzed the
impact of renewable energy generation in China of greenhouse gas (GHG) reduction [1], and Geng et al.
calculated the reduction in polychlorinated dibenzo-p-dioxin and polychlorinated dibenzofuran
(PCDD/FS) levels due to the closure of smaller power plants during 2006–2008 [2]. Wen et al. estimated
the energy conservation and CO2 emissions abatement potential of China’s non-ferrous metals industry
in 2010–2020 [3]. Peng et al. evaluated the energy-saving potential, energy cost savings and carbon
dioxide emission reduction in the pulp and paper industry according to the Twelfth Five-year Plan
(2011–2015) [4]. Kong et al. applied a conservation supply curve (CSC) method to assess the technical
and economic aspects of energy conservation and to evaluate CO2 mitigation potentials in the Chinese
pulp and paper industry [5]. Li and Lin calculated the energy saving potentials of four different
energy carriers, namely coal, gasoline, diesel oil and electricity, for 27 manufacturing sectors during the
period of 1998–2011 in China [6]. Zhao and Chen made a comparison between clean coal technologies
(CCTs) with the average level of power generation technology in the potential of GHG reduction [7].
Liu et al. analyzed the effects of ECER on energy efficiency retrofits for existing residence buildings in
the northern heating regions of China [8]. Xu et al. quantitatively evaluated the performance of energy
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conservation and CO2 emissions reduction in the Eleventh Five-Year Plan (2006–2010) [9]. Zhao et al.
discussed China’s ECER challenges [10]. There are several papers on China’s ECER, and several papers
on ECER in China’s power sector focused on the construction of an evolution indicator system [11–13]
and policy and technology analyses [14–16]. However, detailed quantitative research measuring the
energy conservation potential of China’s power sector is rare.

Thus, the purpose of this paper is to discuss the status quo of ECER and to probe the energy
conservation potential in the power sector up to 2020. This paper presents the analyses from a global
perspective and describes how China’s power sector is different or similar to its Western counterparts.
The lessons learnt from China will provide a valuable reference and useful inputs for other emerging
economies. The paper is organized as follows: Section 2 briefly presents the status quo on China’s
power sector, and compares the situations between China and the U.S. Section 3 discusses the actions
and achievements of energy conservation. Section 4 presents a business-as-usual (BAU) scenario and
an alternative scenario to probe the energy conservation potential up to 2020. Section 5 concludes the
paper with an overview of policy implications.

2. Current Situation of China’s Power Sector and Comparison with U.S.

2.1. The Current Situation of China’s Power Sector

With rapid economic growth, electricity consumption in China will continue to increase for
the next 20 years. Now that China’s economy has developed into the “new normal” status, the
economic growth is still quite high and the industrial structure is making quick adjustments, so the
intense pace of the economy is expected to continue. The electricity elasticity coefficient (EEC) can
provide a certain reference to justify the efficiency of economic development. The EEC is the ratio
between power consumption growth and the national economy growth. It can be used as a macro
parameter to measure whether the development of power industry is adapting to the development of
the national economy or not. As many countries are committed to continuously improving their degree
of electrification and people's living standards, the power industry development is often faster than the
national economic development. Therefore, the EEC is generally larger than 1. However, if benefiting
from economic structure transformation and the promotion of energy efficiency, it will be smaller
than 1. As far as China is concerned, there is an EEC downturn in the long term, but recently it has
been very unstable (Figure 1). Since 2009, with the rapid development of energy-intensive industries,
power consumption went up, which caused an EEC greater than 1 during 2010–2011. Then in the
second half of 2011, due to the adjustment of the economic structure, as China’s economy development
focused more on “quality” rather than “quantity”, the EEC has mainly decreased. It has been down
to 0.51 [17] in 2014 and 0.12 [18] in the first quarter of 2015. This indicates that energy saving measures
have been effective.
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In order to meet the growing electricity demand, the installed capacity dominated by thermal
power is still growing in China and the capacity of clean energy is increasing year by year
(Figure 2) [19–22]. The clean energy capacity in China was 30.82% [23] by the end of 2013 and in
2014 it was 32.59% [17]. On a company level, the China Power Group investment was the highest at
34.19%, while the Huadian Group comes second at 30.59% [24]. At the end of 2013, China had the
largest power generation capacity in the world, dominated by thermal power, but including 890 TWh
from hydro power, 140 TWh from wind power and 112 TWh from nuclear power (Figure 2). In 2015,
the total power consumption growth was only 0.5% higher than that of 2014, in which the shares of
wind power, nuclear power and hydro power all increased, but thermal power decreased. Despite the
fact power consumption in the tertiary industry and residential sectors increased, it was down in the
heavy industry sector, especially in several major energy-intensive industries, due to the saturated
capacity and weak product demand, so the overall power demand increasing rate was reduced by
three percentage points [25] in 2015 compared to 2014. This was the first time the power demand
increasing rate actually decreased in the past forty years. Moreover, the average thermal efficiency of
power plants improved by nearly five percent points [17,19–23,26] during 2008–2015 (Figure 3).
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2012 (Figure 4) [27] which still leads to ever increasing GHG emissions and poses a great challenge to
the ECER.
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2.2. Power Sector Comparison between China and the U.S.

In order to explore the potential of ECER in China’s power sector, it is vital to investigate the
similarities and differences between China and its Western counterparts. We regard the U.S. as a
good comparison. Due to the different stages of their respective economic development, the power
industry in China and the U.S. have differences in power demand structure, power load characteristics,
electricity demand growth rate, power generation mix, power dispatch mode and other aspects [28].
China’s power sector has developed rapidly in recent years. In 2000, power generation in China was
1356 TWh, which is 34% of that in the U.S. (3991 TWh). By the end of 2014, however, China’s power
generation was 5362 TWh, exceeding that of the US by 31% (Figure 5) [29].

Energies 2016, 9, 266  4 of 15 

 

2012 (Figure 4) [27] which still leads to ever increasing GHG emissions and poses a great challenge to 

the ECER. 

2.2. Power Sector Comparison between China and the U.S. 

In order to explore the potential of ECER in China’s power sector, it is vital to investigate the 

similarities and differences between China and  its Western counterparts. We regard  the U.S. as a 

good comparison. Due to the different stages of their respective economic development, the power 

industry  in  China  and  the  U.S.  have  differences  in  power  demand  structure,  power  load 

characteristics, electricity demand growth  rate, power generation mix, power dispatch mode and 

other  aspects  [28]. China’s  power  sector  has  developed  rapidly  in  recent  years.  In  2000,  power 

generation in China was 1356 TWh, which is 34% of that in the U.S. (3991 TWh). By the end of 2014, 

however, China’s power generation was 5362 TWh, exceeding that of the US by 31% (Figure 5) [29]. 

 

Figure 5. Comparison of electricity generation between China and the US. 

However the power industry contributes the largest pollutant emissions in both countries and 

also  attracts  the most  attention  regarding global  climate  change,  therefore  the  renewable  energy 

sector has also developed rapidly in both countries. The growth of wind power in both countries is 

the fastest among all generation technologies. In 2013 China’s wind power capacity was 1.5 times of 

that  in  the US  (Figure 6a  [29]). However,  the actual consumption share of wind power  in China, 

restricted by an inefficient power dispatch mode and grid integration hurdles, was only 78% of that 

in the U.S. [29]. At the same time, the development of solar power in China was accelerated from 

2011,  but  the  consumption  share was  almost  the  same  as  the US  (Figure  6b  [29]).  Figure  7  [29] 

compares the consumption share of renewable energy between China and the US in 2014. The share 

of  renewable  energy  consumption  in China was  still  10%  lower  than  that  of  the US.  Therefore 

optimizing  the power generation mix,  increasing  the consumption of renewable energy, reducing 

fossil fuel consumption is a feasible method for ECER in China. 

 
(a) 

Figure 6. Cont. 

Figure 5. Comparison of electricity generation between China and the US.

However the power industry contributes the largest pollutant emissions in both countries and
also attracts the most attention regarding global climate change, therefore the renewable energy sector
has also developed rapidly in both countries. The growth of wind power in both countries is the
fastest among all generation technologies. In 2013 China’s wind power capacity was 1.5 times of that
in the US (Figure 6a [29]). However, the actual consumption share of wind power in China, restricted
by an inefficient power dispatch mode and grid integration hurdles, was only 78% of that in the
U.S. [29]. At the same time, the development of solar power in China was accelerated from 2011, but
the consumption share was almost the same as the US (Figure 6b [29]). Figure 7 [29] compares the
consumption share of renewable energy between China and the US in 2014. The share of renewable
energy consumption in China was still 10% lower than that of the US. Therefore optimizing the power
generation mix, increasing the consumption of renewable energy, reducing fossil fuel consumption is a
feasible method for ECER in China.
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3. Key Actions and Achievements of ECER in China’s Power Sector

3.1. Actions and Achievements in Optimizing the Power Generation Mix

With the maturity of wind power and other clean energy generation technologies, China has
benefited greatly for its willingness to adapt. In 2007, the State Electricity Regulatory Commission
(SERC) released regulatory measures for integrating renewable energy into the power grid [30].
In order to support renewable energy generation, the National Development and Reform Commission
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(NDRC) and SERC formulated subsidy policies for renewable energy [31]. At the end of 2015, NDRC
and National Energy Administration (NEA) jointly issued six new documents supportive of the
power system reforms. Their theme is to optimize power economic dispatch mode and its core is that
renewable energy should have priority in power generation [32].

In 2009, the grid-integrated wind power was 17.6 GW, with power generation of 27.62 TWh.
In 2012, China contributed the largest newly-installed wind capacity (34.6%) in the world [27].

At the same time, the share of thermal power continues to decrease [17,26] (Figure 8). At the end
of 2014, the total generation capacity was 1284 GW, among which 260 GW was hydro power, 89.3 GW
was wind power and 18.8 GW was nuclear power [17].
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3.2. Actions and Achievements in Adjusting Coal Power Generation Mix

The heat rate of a large-scale high-efficiency coal power unit is usually 100–150 grams coal
equivalent (gce)/kWh lower than that of the small and medium-sized unit [33]. It is generally agreed
that substituting small units with larger and more efficient units can reduce coal consumption and
promote the effects of ECER.

In 2007, the State Council of China (SCC) issued notice of the closure of small thermal units in
China, calling for a ‘progressive’ shut down during the period of the Eleventh Five-Year-Plan [34].
Thanks to the economic incentives and other support measures, this policy plays a very important role
in reducing GHG emissions. By the end of Eleventh Five-Year-Plan, China has shut down a total of
77.25 GW small coal units. By the end of 2013, an additional 14.08 GW thermal power units were shut
down (Table 1 [17,21–23]).

Table 1. Closure of small coal power generation during 2006–2014.

Year 2006 2007 2008 2009 2010 2011 2012 2013 2014

Closed capacity (GW) 3.14 14.36 16.68 26.17 16.90 3.46 6.16 4.47 9.09 1

1 The number is including retired units.

In response state owned enterprise (SOE) generators committed to develop high-parameter and
large-capacity thermal power units. Taking Guohua Electric Power Company as an example, in 2013,
600 MW and above units accounted for 83% of its coal power plant, much higher than that in the other
SOE generators (e.g., 47.9% for Huaneng Group) [24].
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3.3. Actions and Achievements in Energy Efficiency Benchmarking

In 2007, the NDRC issued the policy document on energy efficiency benchmarking in power
generators [35]. Authorized by the NDRC, the China Electricity Council (CEC) is responsible for
implementing energy efficiency benchmarking. Due to the benchmarking efforts, the heat rate of
power supply in coal power plants has declined in recent years, and the self-consumption rate of 2015
was also reduced by 0.9 percent points compared to that in 2008 (Figure 9 [17,26]).
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3.4. Actions and Achievements in Transmission and Distribution (T&D) Network

There are two main approaches for energy conservation in T&D: reducing line losses and
integrating renewable energy. By adjusting the layout of the power grid, it is possible to achieve
active power line loss reduction, inactive power compensations, and trans-regional power exchange,
etc. In 2010 the line loss rate decreased to 6.53% (Figure 9), which was a little higher than that of U.S.
(6.1%), but lower than the level of U.K. (7.7%), France (7.2%) and Canada (10.5%) [36].

ECER can also be achieved by renewable-friendly dispatch. In 2007, the SCC issued a notice on
energy-saving generation dispatch [37]. On the premise of reliable power supply, the new dispatch
method can minimize fossil energy consumption and pollutant emissions. Five provinces, namely
Jiangsu, Henan, Guangdong, Sichuan, and Guizhou, responded to initiate the pilot work in 2007.

Energy-saving generation dispatch has played a positive role in saving energy and reducing
emissions. Guan et al. selected a typical day in 2010 to analyze the efficiency of two dispatch modes [38].
The practical data from the Jiangsu power grid indicates that the energy-saving dispatch mode is
effective to reduce coal consumption in comparison with the existing dispatch mode. Jiangsu Province
saved 1.64 Mtce with an annual electricity consumption of 246.9 TWh in 2010. According to the
data provided by China Southern Power Grid company, energy-saving dispatch also resulted in
considerable energy conservation effects in 2008 and 2009 [39].

3.5. Actions and Achievements in Developing Clean Coal Technologies (CCTs)

In order to guide power companies to increase capital investment and accelerate the progress of
CCTs, the National Energy Administration (NEA) further elevated the technology threshold of coal
power generation in China. At present, there are three main types of available CCTs, namely circulating
fluidized bed (CFB) combustion, ultra-supercritical (USC), and integrated gasification combined cycle
(IGCC). The performance comparison of different kinds of CCT is shown in Table 2 [33]. The maximum
thermal efficiency of IGCC could reach 50%, while in terms of heat rate, the coal consumption of
per kWh power supply is 100 gce less than that in a sub-critical (SBC) unit. The heat rate of 600-MW
coal power USC generation unit is 40 gce less than that in SBC unit. Given an annual operation
of 5500 hours, a 600-MW USC unit will consume 56.8 thousand tons coal equivalent (tce) less than that
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of a SBC unit, meanwhile, the emissions will be greatly reduced by using the USC unit. China has
made significant progress in the development of CCTs. These mature or ready-to-mature CCTs will
become the mainstream options of coal power installation in the future.

Table 2. Performance comparison of CCTs.

Technology Thermal
Efficiency (%)

Coal
Consumption

(gce/kWh)

Overnight
Cost ($/kW)

Emissions

CO2 (g/kWh) SO2 (mg/m3) NOx (mg/m3)

SBC <38% >380 600–1980 950–1080 <60–280 <330–420
SC 42–43% 340–380 700–2310 920–960 <100–150 <300–500

CFB 38–40% – – 880–900 <50–100 <200

USC 45% 320–340 800–2530 740 <20–100
(+FGD)

<50–100
(+SCR)

IGCC 45–50% 290–320 1100–2860 670–740 <20 <30

3.6. Actions and Achievements in Improving Energy Efficiency

Increasing terminal energy efficiency and saving electricity for ECER is the fundamental action
for China. Green lighting, energy efficient appliances and other energy conservation actions
have great energy conservation effects. According to a study by the China National Institute of
Standardization [40], the mass application of 15 typical energy efficient appliances including motors,
air conditioners and others resulted in electricity savings of 5.8 TWh, or 2.16 Mtce, but compared with
industrialized countries, there exists a big gap in the deployment of Demand Side Management (DSM)
or energy service in the power sector. In term of Gross Domestic Product (GDP) electricity intensity,
the number was gradually decreased in China. However, GDP electricity intensity in China is still
twice the OECD average [41] (Figure 10). Therefore learning from other industrialized countries in the
deployment of DSM is vital for China’s ECER.Energies 2016, 9, 266  8 of 15 
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4. ECER in China’s Power Sector into 2020

This section refers Chinese Government’s official energy planning as a baseline scenario for the
power sector. We also compile another ambitious scenario by considering the improved potential
of energy efficiency, the installation potential of alternative energy resources and other reasons.
The energy conservation potential in China’s power sector can be identified by comparing these
two scenarios.
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4.1. Baseline Scenario

China’s relatively rich coal endowment determines that coal-dominant energy supply structure
will last for at least another ten years. According to the NDRC, NEA and CEC, in 2020 China’s total
installation will reach 1943 GW, with 61.91% will be by thermal power (1203 GW) (Table 3).

Table 3. Installed capacity in related plans and the baseline power planning scenario in China in 2020 (GW).

Relevant Plans Time Issued Hydro Wind Nuclear Solar Biomass Gas Coal

NDRC [42] 2007.8 300 30 – 1.8 30 – –
NDRC [43] 2007.10 – – 40 – – – –
CEC [44] 2012.3 330 180 80 25 5 43 1160
NEA [45] 2012.8 420 200 – 50 – – –
Baseline – 420 200 40 50 30 43 1160

4.2. ECER Scenario

4.2.1. Contribution from Technical and Operational Improvements

According to CEC, by 2020 the self-consumption rate will be 5.0%, the line loss rate will be 6.2%,
and the heat rate of generation will be 310 gce/kWh. In 2014, the NDRC issued the Action Plan of
Transformation and Upgrading of Coal Power for ECER (2014–2020) [46], which aims to achieve the
target of a heat rate lower than 300 gce/kWh for newly constructed coal-fired units. According to the
lower rate of self-consumption and line loss during 2008–2015, the self-consumption rate will drop to
4.18% and the line loss rate will drop to 5.7% by 2020. The average heat rate of power generation is
assumed to be 307 gce/kWh (Table 4). Table 5 estimates the ECER contribution from technical and
operational improvements. It is evident that the combined effects of reducing the self-consumption
rate of power plants and the line loss rate of power grids can bring forth primary energy conservation
of 25 Mtce and avoid 62 Mt of CO2 emissions.

Table 4. Scenarios of China’s power sector to 2020.

Item Own Consumption Rate Line Loss Heat Rate

BAU scenario 5% 6.2% 310 gce/kWh
ECER scenario 4.18% 5.7% 307 gce/kWh

Table 5. Potential from technical and operational improvements.

Contribution Primary Energy
Conservation (Mtce)

CO2 Abatement
(Mt)

SO2 Abatement
(Mt)

NOx Abatement
(Mt)

Self-consumption (4.18%) 15.69 62.07
0.42

0.39

Line loss (5.7%) 9.57

Total 25.26

4.2.2. Contribution from Improvements in Generation Mix

Structural Improvement of Coal Power

The efficiency improvement and the structural change of coal power can contribute to low-carbon
development of the power sector. The structure of coal power plants and their major technical economy
indexes according to CEC [47], are provided in Table 6. In 2012, the units above 300-MW accounted for
76% of total coal power plants, and small units (below 200-MW) still account for about 6%.
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Table 6. Statistics on coal power plants in China’s main generators, 2012.

Capacity Type
(MW) Subtotal (GW) Share (%) Annual

Operation (h)
Heat Rate
(gce/kWh)

Unit ě 1000 58.37 9.31 5400 292
600 ď unit < 1000 247.21 39.65 5122 313
300 ď unit < 600 238.98 38.36 4525 322
200 ď unit < 300 42.04 6.74 4451 342

Unit <200 36.54 5.94 4713 365

Currently the dominant technology is the SC coal-fired technology. Compared with the SC, the
USC coal-fired technology performs better (2%–3% higher) in generation efficiency and the heat rate is
less than 290 gce/kWh (Table 7).

Table 7. Thermal efficiency and heat rate of various coal generation technologies [48].

Technology Steam
Temperature (˝C)

Steam Pressure
(MPa)

Thermal
Efficiency (%)

Heat Rate
(gce/kWh)

Medium temperature & pressure 435 35 24 480
High temperature & pressure 500 90 33 390

Ultrahigh pressure 535 13 35 360
SBC 545 17 38 324
SC 566 24 41 300

USC 600 27 43 284
700 ˝C USC 700 35 >46 210

Due to the superiority of the generation efficiency and environmental performance, the USC
technology will lead the future direction of coal power generation. Suppose that most of the retired
units below 300-MW will be substituted by 600-MW USC units; as the result, the share of 600-MW and
above USC units will be no less than 54%. We also assume that the heat rate of SC and 1000-MW USC
units could reach the theoretical level by 2020, which are 300 gce/kWh and 284 gce/kWh respectively,
the potential by structural adjustment in coal power is estimated in Table 8. With radical substitution,
the share of 600-MW and above units could be increased to 61% in 2020. After the structural adjustment
and retrofitting, the total potential of energy conservation of coal power could reach 15 Mtce and the
CO2 emissions abatement could reach more than 36 Mt (Table 8).

Table 8. Potential by structural adjustment and retrofitting of coal power in 2020.

Capacity Type
(MW)

Share
(%)

Subtotal
(GW)

Heat Rate
(gce/kWh)

Primary Energy
Conservation (Mtce)

Abatement (Mt)

CO2 SO2 NOx

Unit ě1000 9.31 108.00 284(8) 4.67

36.56 0.25 0.23600 ď unit < 1000 52.33 607.03 300(13) 40.42

300 ď unit < 600 38.36 444.98 322(´15) ´30.20

Total 100 1160.00 – 14.88

Note: numbers in the brackets stand for improvement in heat rate by retrofitting.

Ambitious Clean Generation

Extra energy conservation potential can be realized with ambitious clean energy development.
The role of nuclear power in clean energy development has been highlighted by many countries. In
many major energy consuming countries, the contribution of nuclear power is approximately 15%.
For instance, in 2005 the share of nuclear in total power generation was 77.6% for France, 28.1% for
Germany, 25% for Japan, 23.7% for the UK, 20% for the US and 16.5% for Russia. As the largest energy
consumer in the world, China lags far behind in terms of nuclear power development. China has a
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good historic record in the operation of nuclear power and has abundant siting resources for nuclear
power; while the proactive safety system of the third generation nuclear technology and the recycle
system of nuclear fuel have provided a great platform for China’s nuclear development. In a more
positive way, the installation of nuclear power can reach 65 GW, which is 15 GW higher than that in
the BAU scenario.

Although China is the largest wind power developer in the world, its wind capacity is negligible
relative to the abundant resource endowment. Now wind power has become economically competitive
with coal power in Southern China where the price of coal power generation is high. It is evident
that with further learning-curve improvements, wind power will become fully competitive in two
to three years. Therefore, in the clean energy scenario, according to the development of wind power
installed capacity in 2010–2015, wind power is expected to experience a rapid growth and it will reach
250 GW in 2020, which is 50 GW higher than that in the BAU scenario. However, at this stage the
wind power curtailment is still serious—the curtailment rate was 19% in 2012 and decreased to 12% in
2013 [49]. In April of 2014, NEA released a policy document on wind power [50], and committed to
solve the curtailment issue in two to three years. The situation did improve and the curtailment rate
obviously decreased to 8% in 2014 [49]. Many industry experts think that the curtailment issue will be
solved when the curtailment rate is less than 5%, so we set the curtailment rate in 2020 at 5% in the
two scenarios.

In the BAU scenario, solar power is also very likely to take off in several years. According to
the announced SCC notice, China will install 35 GW of solar power by 2015 [51]. In the clean energy
scenario, solar capacity is expected to be 100 GW in 2020. Table 9 presents the estimation of the
alternative power generation potential. It is estimated that 124 Mtce primary energy can be conserved.

Table 9. Potential of alternative power generation in the cleaner scenario in 2020.

Item Nuclear Wind Solar Total Reduced Coal
Share

Primary Energy
Conservation (Mtce)

Abatement (Mt)

CO2 SO2 NOx

BAU scenario
share (%) 2.06 9.78 2.57 14.41 6.32 123.52 304.55 2.04 1.93

Cleaner scenario
share (%) 3.35 12.23 5.15 20.73

4.2.3. Contribution from DSM

DSM was introduced in China since the 1990s. DSM is widely deployed in developed countries
such as the UK, France, Japan and Denmark with great success under the market mechanism. Take
California as an example, DSM has successfully decreased the peak load in the state by 12 GW
in 30 years, approximating 15% of the total power load [52]. During 2000–2001, DSM effectively
reduced 6% of the total power demand of California [53].

Assuming that China can utilize the market mechanism to implement DSM, we estimate that
DSM can reduce at least 3% of the total electricity demand (or 243 TWh) in 2020, which is equivalent to
76 Mtce primary energy. The contribution is estimated in Table 10.

Table 10. Potential of ECER by DSM in 2020.

Electricity
Supply (TWh)

Avoided Demand
(TWh)

Primary Energy
Conservation (Mtce)

Emissions (Mt)

CO2 SO2 NOx

Without DSM 8108.70
243.26 75.90 186.46 1.25 1.18

With DSM 7865.44
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4.2.4. Total Potential of Energy Conservation Scenario

To sum up, a total of 240 Mtce primary energy consumption could be reduced with these energy
conservation actions in China’s power sector in 2020 and a total of 590 Mt CO2 emissions could be
avoided (Table 11). According to the study of Yuan et al. [54], China’s total CO2 emissions would be
around 9000 Mt in 2020, given the assumption that China could achieved its target of reducing GDP
CO2 intensity by 45% on the baseline of the 2005 levels. In China, power generation shares about
50% CO2 emissions. The power sector alone can contribute a significant portion of 13% to the CO2

abatement target under effective measures compared with the study of Yuan. And according to the
forecasting of World Energy Outlook 2007, China’s CO2 emissions from energy related industries will
be 8.35 billion tons in 2020 [55], meanwhile, according to the Green Book of Climate Change 2013, the
peak volume of CO2 emissions will be 8.56 billion tons around 2025 [56]. The prediction means that
if China’s power sector could achieve 590 Mt CO2 emissions abatement, the peak volume of CO2

emissions would reduce 7%. Therefore, ECER in China’s power sector is one of the vital ways to realize
CO2 abatement target for global climate change.

Table 11. Total potential of ECER scenario.

Contribution Primary Energy Conservation (Mtce) Abatement (Mt)

CO2 SO2 NOx

Operation improvement 25.26 62.07 0.42 0.39
Coal power 14.88 36.56 0.25 0.23

Clean energy 123.52 304.55 2.04 1.93
DSM 75.90 186.46 1.25 1.18
Total 239.56 589.64 3.96 3.73

5. Conclusions and Policy Implications

Inevitably, the development of China’s power industry will maintain a significant role in ECER
amidst the tension between economic growth and environmental degradation. In this paper, the
analysis shows the greatest energy conservation potential could be achieved by the active integration
of renewable energy and improvement of terminal energy efficiency. Although China’s power sector
has achieved certain progress in ECER, great challenges remain. First, closing down small coal units
and substitution with larger SC or USC units will incur a huge investment cost. In light of the strong
opposition from the generators, the actual implementation has proven to be very challenging. Second,
the energy conservation potential from operation improvement and clean coal technology is limited
in the near future, while the potential from renewable energy is increasing. Therefore, the high
penetration of renewable energy calls for radical changes in grid infrastructure and operation. In turn
it will lead to a systematic reform on the institutional arrangement in the power sector. Third, realizing
the energy conservation potential from DSM calls for a transition in the deployment mechanism from
currently command-and-control (CAC) one to the market-based one. In order to fully respond to
the challenges faced by China’s power sector and fully explore the energy conservation potential the
following policies are proposed:

1 Attracting both domestic and overseas capital to invest in developing high-efficient and
low-emissions coal power generation; imposing emissions tax or fossil energy tax and
pricing policies on coal power to improve the effectiveness of economic incentives for
generation corporations.

2 Promoting energy-saving dispatch policies; expanding trans-regional transmissions; developing
the technology of energy storage and forecasting to consume large amounts of renewable power,
raising the proportion of renewable energy through the pricing policies in the power sector.
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3 Improving the sense of enterprise and individual’s social responsibility and enthusiasm to change
the way in using power and improve terminal energy efficiency; and conducting market reform
(including pricing mechanism reform in particular) to further implement DSM measures.
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