Chapter 4

Efficiency Improvement in China’s
Energy-Intensive Industries and Their
Contributions to Carbon Emission
Reduction Targets

Libo Wu

Abstract China is presently undergoing an intensive industrialisation. As the
world’s largest emerging economy, energy efficiency is expected to play a critical
role in China’s ever-rising demand for energy. Based on factual overviews and
numerical analysis, this chapter presents an in-depth investigation into the effec-
tiveness of policies announced or implemented in recent decades targeted at energy
conservation in energy-intensive manufacturing sectors. It highlights nine
energy-intensive sectors that achieved major improvements in their energy tech-
nology efficiency efforts. Under the umbrella of the 11th Five-Year Plan, the suc-
cess of these sectors’ energy-saving efforts reflects the effectiveness of China’s
energy conservation policies. The Chinese government has introduced various
measures to reduce the road transport sector’s demand for energy and its green-
house gas (GHG) emissions: by implementing fuel economy standards, and by
promoting advanced energy-efficient vehicles and alternative fuels. Coal-based
energy-saving technologies, especially industrial furnace technologies, are critical
for China’s near and medium-term energy-saving goals, which include the
improvement of the direct technical efficiency for power generation, iron and steel
production, non-ferrous products production, and non-metal mineral products
production. In the long run, renewable energy development and expanding the
railway transport system are the most effective ways to reduce China’s energy use
and GHG emissions. Its road vehicles are projected to consume 370-520 million
metric tons of oil and produce 1.6-2.0 billion tons of GHGs by 2050. Fuel economy
standards could reduce oil consumption and GHGs by 34-35 %.
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4.1 Introduction

In the last two decades of the 20th century, the intensity of China’s energy use
fell rapidly at a rate unparalleled by any other country at a similar stage of
industrialisation. Internally, the dramatic expansion of labour-intensive industries
allowed for the substitution of cheap labour to energy inputs and provided
market-based incentives for energy conservation. Decomposition analysis focus-
ing on Chinese industrial energy use has showed such substitutions (Zhang 2003;
Wu et al. 2005, 2006). Externally, the Chinese government has implemented
various policies and programmes to monitor industrial energy use, disseminate
energy conservation information and services, stimulate energy technology
renewal, promote investment in innovation and improve energy management
capabilities (Sinton et al. 1998, 1999; Sinton/Fridley 2000; Wang et al. 1995).
Energy consumption in China has accelerated since 2001 and surpassed GDP
growth in 2003 and 2004. As a result, the long-lasting decline of energy intensity
ended—the annual decreasing rate of energy intensity was —4.02 % in the 1980s
and —6.30 % in the 1990s. However, this reversed to 0.36 % in the first five years
of the 21st century (see Fig. 4.1).

Concerned about energy security, ever-rising energy costs, climate risks and
environmental degradation, the Chinese government enacted the 20 % energy
intensity reduction target in the 11th FYP. Following this challenging goal, central
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Fig. 4.1 Elasticity of energy production and consumption. Source China Energy Statistical Year
Book 2010
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and regional governments took various political, technical, industrial and fiscal
measures to facilitate the energy conservation activities of stakeholders. From 2006
to 2010, China’s energy use per unit of economic output fell by 19.06 % (State
Council 2011). In the 12th FYP covering 2011-2015, the Chinese government
announced that energy intensity is to decline by 16 % and carbon intensity by 18 %.
All these targets are further disaggregated to each province by the National
Development and Reform Commission (NDRC).

Along with these mandatory energy conservation and carbon emission reduction
targets, energy-intensive sectors were forced to get rid of a number of energy
technologies and in the meantime, utilise new energy-saving technologies recom-
mended by the national government. Given the intensive industrialisation and
motorisation taking place in China, can these command-and-control policies work
effectively to completely change the ever-rising energy consumption pattern? This
chapter will addresses this question by clarifying the energy consumption scale as
well as the structural and efficiency dynamics in the Chinese industrial sector, and
examine the relevant policy implications Furthermore, by introducing a new port-
folio of energy-saving technologies into the I-Dream model, this chapter also
provides some simulation results with respect to the contribution of these tech-
nologies to low-carbon emissions reduction targets in the long run.
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The accelerated pace of industrialisation, urbanisation and motorisation accounts
for most of China’s energy use. Figure 4.2 shows that during the past decade, the
contribution of the manufacturing sectors to incremental energy use experienced an
inverted-U curve. It was 55.31 % in 2000, peaked at 67.95 % in 2004, and then
declined to 43.2 % in 2010. The transportation sector, together with the power
generation sector, accounted for a greater portion of the incremental energy use
over the same period.

Is the above structural transformation mainly due to the command-and-control
policy since the 11th FYP? Alternatively, is there an intrinsic mechanism also
playing a significant role in driving the change? How does one rate the energy
efficiency performance of the Chinese industrial sector, especially the
energy-intensive sectors before and after strong political interventions? What are
the likely contributions of energy conservation technologies to long-term energy
conservation and carbon emissions reductions in China? This chapter employs
numerical analysis to determine the relative importance of the driving forces of
industrial energy use, and discusses the policies that China is implementing to
reduce energy and their effects on the industrial energy use.

4.2 Energy Efficiency Analysis in China’s
Manufacturing Sector

4.2.1 Overview of Energy Conservation Policies
in the Recent Decades

In the late 1990s, energy consumption in China’s manufacturing industries declined
greatly, contributing to the slowdown of total energy use (see Fig. 4.1). Since 2000,
however, energy use in manufacturing industries rebounded to become the domi-
nant forces driving the rising energy demand. In 2005, nine energy-intensive sectors
accounted for 96.2 % of total manufacturing industrial energy use, 78.2 % of total
industrial energy use and 55.9 % of total final energy consumption, but their gross
output was just 44.0 % of the manufacturing total and 41.4 % of the industrial total.
Energy-intensive sectors were also the main sources of environmental pollutants,
such as SOy, NO4 and suspended particulates. These facts pointed to the urgent
need to slow the scale of expansion of energy-intensive sectors, to improve their
energy efficiency and to adjust product production methods.

In the 11th FYP, the Chinese government announced a comprehensive energy
intensity reduction target and put the energy-intensive sectors at the centre of
energy conservation. However, this did not hinder the rapid expansion of
energy-intensive sectors in the initial stages of its implementation. Regional goals
for economic growth and large sunk costs made it difficult to slow the overall scale
of energy-intensive sectors in the short term. Efficiency improvement, by reducing
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energy input per unit of output, became more critical to counteract expansion (Zhou
et al. 2010; Price et al. 2011). In order to strengthen the effectiveness of the energy
conservation movement, the State Council, the National Development and Reform
Commission (NDRC) and other responsible ministries and administrations
announced and implemented various policies. The following section examines all
these policies and measures over the 11th FYP period and the beginning year of the
12th FYP.

It is clear that the governance focus was on the energy-intensive sectors, with
special attention to the 1,000 large-scale enterprises.

4.2.1.1 Strengthening the Energy Conservation Technology Diffusion

The Chinese government has organised a large amount of specific funding for
energy conservation and emissions reduction. The funding system mainly serves as
a public subsidy to improve the cost efficiency of the 10 key energy-saving projects.
The NDRC published the 10 Key Energy Saving Projects Guidelines and the
Ministry of Science and Technology published the National Technology Policy
Outline on Energy Conservation to instruct the technology transformation and
innovation directions. Any energy conservation project approved by the authorised
expert committee can receive RMB 200-300 per ton of standard coal for the
energy-saving units. In the National Technology Policy Outline for Comprehensive
Resource Utilisation, technologies aimed at improving life cycle energy efficiency
are introduced, and systematic change presently carries more importance as com-
pared to end-of-pipeline management. Specifically, 3R (reduce, reuse and recycle)
principles are strongly recommended for application in the production processes;
hence less energy is consumed and less pollutants are emitted when producing the
same amount for outputs.

4.2.1.2 Strengthening the Capability-Building for Key Enterprises,
Regional Government and Professional Third Parties

Capability-building policies have been widely implemented over the past decades
to develop the energy auditing, monitoring and statistical system. In 2005, the rule
of reporting energy use per unit of GDP was established. The National
Administration of Statistics and NDRC announced the energy conservation per-
formance of each province regularly. During the 11th FYP, energy management
capability-building projects were mainly focussed on the 1,000 key
energy-intensive enterprises. A regular reporting system is now well developed
among these enterprises (Dai/Zhou 2008; Zhou et al. 2010). In 2010, policies aimed
at the state-owned key enterprises and medium and small-scale enterprises were
also announced.
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4.2.1.3 Phasing Out Technologies and Industries
with Energy-Exhausting and Outdated Production Capacity

In addition to the technology innovation and capability-building, the Chinese
government is taking strong measures to phase out outdated production capacities
in energy-intensive sectors. Small-scale plants with outdated production capacity
(from power generation, coal-mining and processing, coking production, ferroalloy
production, calcium carbide production, iron and steel production, cement and plate
glass production, fibre and clothing production) are on the agenda to be removed.
While there are many critics of intervention in the market, there are some people in
regional governments who are supportive of this policy. It is reported that over the
period of the 11th FYP, China phased out 76,825 MW of power generation
capacity, 120 million tonnes of pig iron production capacity, 72 million tons of steel
production capacity and 370 million tons of cement production capacity.

How do we evaluate the effects of the above policies with respect to their
effectiveness and efficiency? Looking at the energy use situation in 2010, we find
that the gross output contribution of energy-intensive sectors to total manufacturing
and industrial energy use declined by 2.2 % compared to 2005 levels. However,
their share in total manufacturing energy use, total industrial energy use and total
final energy consumption declined slightly by 0.2—0.5 %. Further analysis is needed
to clarify the relative importance of the factors driving the inelastic energy demand
of energy-intensive sectors and to determine the correct policy orientation and
rationale of the 12th FYP target.

4.3 Scale, Structure and Efficiency Dynamics of Energy
Use in China’s Manufacturing Sector

4.3.1 Brief Model Description

By applying the basic logarithmic mean divisia index (LMDI) decomposition
techniques developed by Wu et al. (2005), this chapter analyses the energy con-
sumption of China’s manufacturing sectors. With our focus on energy-intensive
sectors, we include such sectors and take the other manufacturing sectors as a
whole. We thus put forward this model to examine concerns about the dominant
energy-intensive sectors users, and define the following KAYA type equation as the
basis for decomposition model:

Added Value Physical Output

X
Gross Output  Added Value
Energy Consumption

Energy Consumption = Gross Output x

- (4.1)
Physical Output
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Then, the final format of the decomposition model can be depicted as the fol-
lowing equation:

Er 0 SF; 0 ECEF; 0 AVRFp
_— = i In— X i 1 X i In————
EO exp ; w; 1IN SFO GXp 12:1: w; 1IN ECEFO exp Z w; 1IN AVRF()
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X epo(oi In——_" (4.2)

We use the time series data from 1994 to 2010, while sectoral energy con-
sumption, gross output (current price) and added value (current price) data until
2007 can be taken directly from the National Statistical Yearbook and Energy
Statistical Yearbook (NBS 1993-2011). We use the yearly sectoral PPI index as a
deflator to derive the constant price. Since 2007, the Administration of Statistics has
only released the year-on-year growth rate and annual compound growth rate for
sectoral added value. We estimate the constant price added value of 2008-2010 by
taking 2007 as the base year.

4.3.2 Model Result and Discussion

4.3.2.1 The Relative Importance of Various Factors to Energy
Consumption Change in the Manufacturing Sectors

The decomposition model indicates that during the past decades, especially during
the 11th FYP, energy consumption in China’s manufacturing sectors has deceler-
ated and even stabilised (see Fig. 4.3). This transition is not mainly due to the

mEnergy Consumption m Total Output mIndustrial Structure

mAdded ValueRate  mEconomicEfficiency mEnergy Efficiency

Fig. 4.3 Relative importance of various factors to energy consumption in manufacturing sector.
Source Author’s calculation
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slowdown in economic growth, but because of energy efficiency improvements. In
fact, with the exception of the crisis year of 2008, total output expansion has always
played a dominant role in driving up energy use. Energy efficiency improvement
acts as an opposite force pushing down energy use. However, since their scale
could not match that of output expansion at the beginning of this century, the net
outcome of industrial energy use soared substantially. The imbalance was reduced
in 2003, and energy efficiency improvements have been a considerable source of
dampening expansion since that time.

The Plan for National Economic and Social Development plays a central role in
guiding the direction of policymaking in China. A comparison across the 9th, 10th
and 11th FYP (Fig. 4.3) indicates the importance of energy efficiency improve-
ments as they became more pronounced in the 11th FYP; while the scale of change
for economic output did not alter for each five-year period. Therefore, this study
illustrates that policies towards energy efficiency improvement in the industrial
sectors, especially the energy-intensive sectors in the 11th FYP did not reverse the
internal economic growth trends but added substantially to overall energy efficiency
improvement.

4.3.2.2 Relative Importance of Factors to Energy Consumption
Change in Various Energy-Intensive Sectors

Figure 4.4 illustrates some interesting findings generated by the sectoral analyses.
For most of the energy-intensive sector, excluding the power generation sector, the
total energy efficiency improvement was spectacular in the 11th FYP. Furthermore,
energy technology innovation, the phasing out of outdated small-scale production
capacity, and improved managerial policies contributed to considerable efficiency
improvement, which effectively counteracted expansion. In particular, energy effi-
ciency improvement in the raw chemical product industry, smelting and processing
of ferrous industry, non-chemical mineral products industry, and paper-making
industry successfully outperformed the economic growth that brought about
noticeable shrinkage in overall energy use.

However, it is noted that the pace of energy efficiency improvement in the power
generation sector is becoming less. This is clearly indicated in Fig. 4.4. During the
past decade, the gross coal consumption rate for fossil-fired power plants declined
by 11.85 %, but the absolute amount is still 8.9 % higher than the average level of
Japan in 2010. The structure of the power generation source is the main factor
hampering the overall thermal power efficiency improvement. In 2008, coal con-
sumption still accounted for 89.3 % of China power generation, while in Japan,
only 27.6 % of thermal power was based on coal with 23.6 % from natural gas and
30.7 % from nuclear power. This means that while there is still some technical
space for overall efficiency improvement in fossil-fired power plants, more efforts
are needed to facilitate less dependence on fossil fuels.
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4.3.2.3 Relative Importance of Various Sectors to Energy
Consumption Change

As indicated in Fig. 4.5, the abnormal increase in the manufacturing sector’s energy
use over the 11th FYP period was driven manly by the smelting and processing of
the ferrous metal sector, non-metal mineral products sector, and raw chemical
materials and product sector.

Chinese production of steel and pig iron, cement, synthetic ammonia and
alkaline increased rapidly during the past decade. China has been the largest pro-
ducer of pig iron in the world this century and its consumption of it continues to
increase. In the past decade, pig iron production rose by 342 %, whereas the global
production increased by less than 50 %. Therefore, China’s production accounted
for 46.39 % of the world’s total in 2010 and was about two times the sum of Japan,
US, Germany, Russia and India. Given the fact that the comparable energy con-
sumption for steel in China was still higher than that in Japan by 1.4 % in 2000 and
10.95 % in 2010, China’s dramatically expanding ferrous industry should make
energy conservation its key priority. Over the past decade, China contributed more
than 90 % to the world incremental cement production. The energy efficiency of
cement production in China was lower than Japan’s by 44 % in 2000 and 22.8 % in
2010, respectively. Therefore, the cement production sector should also make more
efforts to reduce its energy use.
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Fig. 4.5 Relative importance of various sectors to total manufacturing energy use. Source
Author’s calculation



4 Efficiency Improvement in China’s Energy-Intensive ... 49

4.4 Modelling Technological Development
in Energy-Intensive Sectors in a Low-Carbon
Economy: A Shanghai Case Study

4.4.1 Model Introduction

In recent years, the low-carbon transformation of China has been further accelerated
by domestic environmental degradation, energy security concerns and rising costs
of energy use. Energy-intensive sectors are playing central roles in this process by
utilising more energy-saving and emissions reduction technologies. Furthermore,
the Chinese government regularly provides recommendations for technologies to
guide the direction of innovation and remove inefficient production capacities.

This chapter examines how energy-intensive sectors can choose an optimised
technological roadmap under different scenarios of energy conservation and
emissions reduction targets. It will go on to illustrate the scenario analysis results of
the Shanghai model: differing from previous studies, this model modifies the
commonly utilised energy technology portfolio of the TIMEs model by introducing
a series of energy conservation technologies recommended by the Chinese gov-
ernment. Therefore, the analysis results are capable of capturing energy technology
innovations since the 11th FYP in all of the energy-intensive sectors.

4.4.1.1 Development of the Reference Energy System

The basic structure of our Shanghai TIMES model can be referred to in Wu (2010).
This model establishes a reference energy system (RES) containing 10 energy
processing technologies, 15 power and heat generation technologies, 100 industrial
technologies, 9 residential technologies, 9 service technologies and 31 transport
technologies. In order to clarify the competitiveness of newly recommended
technologies by the Chinese government, this model is further modified to add 21
key conservation technologies in the “ten major energy conservation projects
implementation planning” (NDRC 2011). Since this chapter’s focus is on
energy-intensive sectors, these 21 technologies are identified as new energy-use
technologies in iron and steel, construction materials, petro-chemical products and
non-ferrous metal products industries. The following figure illustrates some special
modification to the reference energy system (RES) by introducing detailed tech-
nology choices into energy-intensive sectors regarding their energy use (Fig. 4.6).

4.4.1.2 Parameters and Main Assumptions

The second step consists of inputting data for all the parameters of energy com-
modities and technologies into the model. These parameters are composed of
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Fig. 4.6 RES of Shanghai TIMES model. Source TIMES model results

resource supply curves, demand projections, dynamically evolving technology
costs and other relevant parameters.

The resource supply curves are based on current energy prices and IEA forecasts
(see Table 4.1). This model assumes the domestic energy prices in China will
change in line with the global energy prices after 2020.

Demand projections are based on historical energy demand in Shanghai from
2000-09. The compounded annual growth rates (CAGR) of different energy
demands are computed across all demand sectors from 2005-09 to estimate the
energy demand in 2010. As the growth rate of all demand devices will not remain at
such a high level in the future, we assume the CAGR will decrease by half every
10 years in each sector. By estimating the CAGR of energy demands during 2010-
20, 2020-30, 203040 and 2040-50, the model can extrapolate the energy demands
of all the milestone years from 2010-50 (Table 4.2).

Technology costs comprise the investment cost, the fixed O&M' cost and the
variable O&M cost of each energy technology. As TIMES is a technology-rich
model which minimises the total cost of the energy system, these cost data are very
important to modelling. The investment cost data comes mainly from official
statistics and our field surveys, while the O&M cost data is estimated by setting an
appropriate ratio compared to the investment cost data.

'O&M cost represents the operation and maintenance cost of an energy technology. For example,
in a coal-fired power plant, the fixed O&M cost includes the salaries of employees and the repair
fees of power equipment, while the variable O&M cost implies the cost of electricity and some fuel
oil associated with the use of the power plant.
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Table 4.1 Assumptions on energy import prices

| Unit 12000 [2010 [2020  [2030  [2040  [2050
Import prices of energy commodities from other provinces in China
Hard coal | RMB yuan/tonne | 188.78 | 720.00 881.95 | 1043.85 | 120043 | 1200.43
Crude oil RMB yuan/tonne | 959.44 |3000.00 | 7256.01 |10102.02 |12122.42 |12122.42
Natural gas | RMB yuan/m® 0.78 2.80 441 6.13 7.97 797
Diesel RMB yuan/tonne | 2306.77 |7295.20 |12211.89 |17001.73 |20402.08 |20402.08
Kerosene RMB yuan/tonne | 1087.03 | 3400.00 | 5754.69 | 8011.84 | 9614.20 | 9614.20
Gasoline RMB yuan/tonne | 2484.65 | 7964.00 |13153.57 |18312.77 |21975.32 |21975.32
Fuel oil RMB yuan/tonne | 1397.62 | 4300.00 | 7398.88 |10300.93 | 12361.12 | 12361.12
LPG RMB yuan/tonne | 1664.50 |5300.00 | 8811.73 |12267.94 | 14721.53 | 14721.53
Hard coal US dollar/tonne 33.65 | 128.81 157.21 186.07 213.98 213.98
Import prices of energy commodities from abroad
Crude oil US dollar/barrel 28.00 90.00 148.23 206.37 247.64 247.64
Natural gas | US dollar/mmbtu 3.87 13.72 19.64 27.28 35.46 35.46
LNG US dollar/mmbtu 4.73 13.63 19.56 27.16 35.31 35.31
Source CEIC, IEA and TIMES model results
Table 4.2 Total demand projections in different sectors

Unit 2000 2010 2020 2030 2040 2050
Industrial PJ 515 1,400 2,145 2,851 3,360 3,671
sector
Residential | PJ 147 307 808 1,328 1,708 1,938
sector
Service PJ 73 155 423 706 916 1,044
sector
Transport
sector
Passenger Mn-passenger-km | 23,472 111,141 311,454 528,343 690,546 790,169
turnover
Freight Mn-freight-km 662,000 | 1,507,706 |2,328,162 |2,899,922 | 3,238,431 | 3,422,749

turnover

Source Shanghai Bureau of Statistics and TIMES model results

Other relevant parameters include conversion efficiency, technology life, resid-
ual capacity and emission factor. These parameters are estimated by referring to
relevant OECD data and making some adjustments according to the technological
conditions in China.
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4.4.1.3 Scenario Settings

In this chapter, one base scenario as a benchmark scenario and three low-carbon
scenarios (namely LC1, LC2 and LC3) are set to analyse the technological
development pattern of the economy.

Base scenario is a business-as-usual scenario which includes legislated policy
measures as of 2010. However, no future policies or measures would be enacted to
reduce energy use or CO, emissions.

LCI scenario is a low-carbon scenario involving a low level of emissions
restrictions. At the Copenhagen Meeting in 2009, the Chinese government pro-
mised to reduce carbon emissions per unit of GDP by 4045 % in 2020 from 2005
levels. Shanghai, a vanguard city for a low-carbon economy, is expected to do
better than the whole country in achieving these emissions targets. It is estimated
that Shanghai will reduce its carbon emissions per unit of GDP by 50 % in 2020
from its 2005 level. Additionally, with structural upgrades to its economy, Shanghai
will likely reduce its carbon emissions per unit of GDP by 65 % in 2030 from the
2005 base. China should ideally assume absolute quantitative control of its carbon
emissions by 2040, while Shanghai is expected to retain its CO, emissions at its
2030 levels. By 2050, Shanghai is likely to further reduce its CO, emissions by
10 % from its 2040 level.

LC2 scenario is a low-carbon scenario involving a medium level of emissions
restrictions. Shanghai is expected to decrease its carbon emissions per unit of GDP
by 55 % in 2020 from the 2005 base. Then, by 2030, Shanghai is likely to quickly
assume absolute quantitative control of carbon emissions by limiting CO, emis-
sions growth to no more than 40 % from the 2020 base. By 2040, Shanghai is
expected to retain its CO, emissions to 2030 levels, and by 2050, it appears set to
further reduce its CO, emissions by 10 % from the 2040 base.

LC3 scenario is a low-carbon scenario involving a high level of emissions
restrictions. Shanghai is likely to reduce its carbon emissions per unit of GDP by
60 % in 2020 from the 2005 base. Then, by 2030, Shanghai is expected to assume
quantitative control of its carbon emissions by limiting CO, emissions growth to no
more than 30 % from the 2020 base. By 2040, Shanghai will likely retain its CO,
emissions at its 2030 level, and by 2050, it is expected to further reduce its CO,
emissions by 10 % from the 2040 base.

4.4.14 Core Scenario Results
In Fig. 4.7, the bars in four different colours represent the amount of CO, emissions

from 2000-50 in four respective scenarios, and the lines denote the development of
CO, emissions per unit of GDP.



4 Efficiency Improvement in China’s Energy-Intensive ... 53

(KT) (KT per 100 million yuan)
1,400,000

1,200,000
1,000,000
800,000
600,000
400,000

200,000

2000 2010 2020 2030 2040 2050

CO2 Emission in Base Scenario (LHS) CO2 Emission in LC1 Scenario (LHS) CO2 Emission in LC2 Scenario (LHS)
I CO2 Emission in LC3 Scenario (LHS) Per GDP Emission in Base Scenario (RHS) Per GDP Emission in LC1 Scenario (RHS)
Per GDP Emission in LC2 Scenario (RHS) Per GDP Emission in LC3 Scenario (RHS)

Fig. 4.7 Shanghai’s CO, emissions in different scenarios, 2000-50. Source TIMES model results

4.4.1.5 Overall Results

As shown, in the base scenario, Shanghai’s CO, emissions will increase dramati-
cally from 153,634 kt in 2000 to 1,292,529 kt in 2050. However, as the economy
develops, the carbon emissions per unit of GDP will decline rapidly from 32.20 kt
per 100 million yuan in 2000 to only 5.26 kt per 100 million yuan in 2050. In the
LCI1, LC2 and LC3 scenarios, CO, emissions in 2050 will drop sharply from
1,292,529 to 836,127 kt, 697,120 kt and 575,400 kt, respectively. Meanwhile, the
carbon emissions per unit of GDP will also decline to 3.40 kt, 2.84 kt and 2.34 kt
per 100 million yuan, respectively.

In the Shanghai TIMES model, CO, emissions come from six sectors, namely:
power generation, energy processing, industrial, residential, services and transport.
Breaking down the sources of carbon emissions across these sectors, we find that
most of the CO, emissions are produced by the industrial and power generation
sectors.

In the base scenario, the power generation sector contributed 56 % of CO,
emissions in the whole energy system of 2000. This is expected to grow steadily to
70 % by 2030 and then remain constant until 2050. The industrial sector produces
the second largest proportion of carbon emissions, which is likely to decline from
36 % in 2000 to 23 % by 2050.

In the LC1 scenario, the proportion of carbon emissions in the power generation
sector shrinks a little during the 2020-50 period compared with that of the base
scenario. This is because a more stringent carbon restriction requires this sector to
use more decarbonised technologies such as wind power or solar power. The
proportion of the industrial sector keeps a premium of 2—4 ppt higher than that in
the Base Scenario during the 202040 period. However, it suddenly drops by 6 ppt
in 2050 after the economy assumes absolute quantitative control of carbon
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emissions in 2040. Others, including the residential, services and transport sectors,
mildly expand their proportions after 2010. By comparing Figs. 4.8 and 4.9, one
can conclude that the power generation sector has the largest potential in carbon
reduction at the initial stage of decarbonisation. But when the economy assumes
absolute quantitative control over carbon emissions, a significant change will occur
within the industrial sector. Section 4.3 will further examine what is happening in
this sector.

In the LC2 scenario, it is observed that the power generation sector produces
high carbon emissions by 2020 (Fig. 4.10). But as the economy assumes absolute
quantitative control over carbon emissions by 2030, the industrial sector becomes

100% [ - - =29 - - - - - 3% " 3% " 4% " 4% " 4%
80% |- - 369 - - 3% - - 25% 23% 23% __ ___._ 23%
2% 2% 2% 2%
3%
60% -~ 5% ~~"--- ------P----------- - -----
40% -~ ccceol mmemem s N 0%
68% % 69% %
56% 62%
P i R e e EEE .-
0%
2000 2010 2020 2030 2040 2050
Power Generation Sector Energy Processing Industrial Sector
M Residential Sector Service Sector Transport Sector

Fig. 4.8 CO, emissions breakdown in the base scenario. Source TIMES model results
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Fig. 4.9 CO, emissions breakdown in the LC1 scenario. Source TIMES model results
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Fig. 4.10 CO, emissions breakdown in the LC2 scenario. Source TIMES model results
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the vanguard sector to decarbonise as the proportion of this sector’s emissions
drops significantly from 32 % in 2020 to 18 % in 2050. However, other sectors

have almost doubled their proportion of emissions during the 2010-50 period.

In the LC3 scenario, the carbon emissions sources have witnessed a more sig-
nificant structural change as the power generation and industrial sectors produce
higher proportions of emissions (Fig. 4.11). For example, most strikingly, the
transport sector’s emissions increase from 3 % in 2010 to 10 % in 2050. The
expansion of the other three sectors’ emissions is mainly due to the relatively lower
contribution of their emissions as a whole and little room for technological
decarbonisation at the current rate of innovation progress.
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Fig. 4.11 CO, emissions breakdown in LC3 scenario. Source TIMES model results
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4.4.2 Power Generation Sector

The power generation sector has the largest potential to reduce carbon emissions as
it contributes the largest proportion of emissions among all the sectors. With
improvements to government policies concerning carbon restrictions, the power
generation sector currently uses more green energy to produce electricity.

In the base scenario, the coal-fired power plants dominate the power generation
sector, with 86.1 % of electricity produced by coal technologies in 2000 (Fig. 4.12).
Traditional coal technology will be gradually replaced by coal IGCC after 2020. By
2050, all coal technologies are expected to generate 96.7 % of China’s electricity.
As the availability of fossil fuels become scarcer, such a development pattern is not
sustainable.

In the LC1 scenario, coal technologies will stop growing after 2030, and start to
decrease by 2040 as the Chinese economy assumes quantitative control of carbon
emissions (Fig. 4.13). By 2050, coal technologies will likely produce only 47.0 %
of electricity while wind and CHP will contribute to 38.6 and 14.3 %, respectively,
of electricity in the power generation sector. This means that wind power tech-
nology will be applied on a large scale after 2030. As Shanghai is geographically
located near the sea, we expect that offshore wind power technology will be the
most prospective technology to support the decarbonisation progress of the
economy.

In the LC2 scenario, the power generation sector will be further decarbonised as
coal technologies will account for only 31.5 % of electricity produced (Fig. 4.14).
Wind and CHP will in turn contribute to 41.6 and 19.1 % of electricity, respec-
tively. Notably, the economy will start to use solar power after 2040, and solar
power generation will likely account for 8.0 % of electricity produced by 2050.

In the LC3 scenario, renewable technologies will produce more than half of the
electricity produced in the power generation sector (Fig. 4.15). The application of
such a high proportion of renewable technologies will create supply shocks to the
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Fig. 4.12 Energy consumption of the power sector in base scenario. Source TIMES model results
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Fig. 4.13 Energy consumption of the power sector in LC1 scenario. Source TIMES model results
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grid system, and thus hasten the urgency to develop energy storage technology to
offset the uncertainty of renewable technologies.

4.4.3 Industrial Sector

Figures 4.16, 4.17, 4.18 and 4.19 show the energy consumption structure of the
industrial sector in all four scenarios. The structural changes occurring in this sector
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Fig. 4.16 Energy consumption of the industrial sector in base scenario. Source TIMES model
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Fig. 4.19 Energy consumption of the industrial sector in the LC3 scenario. Source TIMES model
results

reflect a distinct pattern of decarbonisation. As carbon restrictions become more and
more stringent across the low-carbon scenarios, the proportion of coal technologies
in 2050 drops sharply from 36 % in the base scenario to 13, 4 and 0 % in LC1, LC2
and LC3 scenarios, respectively. Another notable change is that heat technologies
account for 32, 42 and 46 % of all energy consumption in LC1, LC2 and LC3
scenarios, respectively, while in the base scenario only 7 % of energy consumption
is produced from heat technologies.
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As discussed in Sect. 4.1, when the Chinese economy assumes absolute quan-
titative control of carbon emissions, the industrial sector will reduce its carbon
emissions significantly. This is done by eliminating more coal technologies and
using cleaner technologies such as electricity and heat in the industrial sector.
Electricity technologies are already expected to contribute to about one-third of
energy consumption in the base scenario by 2050. But why will the proportion of
heat technologies grow so fast under the low-carbon scenarios? First, only elec-
tricity and heat technologies do not produce carbon emissions. Second, electricity is
largely produced by coal-fired power plants, while heat is produced by CHP using a
large proportion of natural gas which is less carbon-intensive than coal. In addition,
using more renewables to produce electricity is more costly than using current CHP
technology to produce heat, thus making heat technologies more favourable than
electricity technologies in efforts to meet stringent carbon emission restrictions.

4.5 Conclusions

In the early years of the 12th FYP, the Chinese government released a series of
policies for further energy conservation and emissions reduction. Following the
1,000 Intensive Enterprises Energy Conservation Project, 10,000 enterprises were
included in the energy monitoring and auditing system. A decline in international
exports and slowdown of economic growth in domestic markets have also dra-
matically reduced the demand for energy-intensive goods, and resulted in the
problem of over-production in these sectors. The updated list detailing the phasing
out of outdated production capacity in energy-intensive sectors was thus approved
despite great pressure for economic recovery (MOIIT 2012).

In light of the results and predictions discussed throughout this chapter, conti-
nuity and consistency in China’s energy conservation scheme can be safely
expected for the next decade. Industrial structure upgrades and technology inno-
vation are regarded as the two underpinnings of the country’s energy conservation
efforts to achieve systematic optimisation of the energy system in the long term.

This chapter presents a TIMES model and three low-carbon scenarios are
applied to analyse the technological development of Shanghai in a low-carbon
economy. Giving insights into the energy system of Shanghai, one base scenario
and three low-carbon scenarios with different CO, emission restrictions are set to
observe the kinds of changes that would take place in a low-carbon economy. By
comparing the emissions structure among different sectors and analysing the energy
consumption source of each sector, we reach the following conclusions which
present us with a development pattern of a low-carbon economy in view of tech-
nological advancement or replacement.

Among all the sectors in Shanghai’s energy system, the power generation sector
has the largest potential for carbon reduction at the initial stage of decarbonisation.
However, when the economy assumes absolute quantitative control of carbon
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emissions by the industrial sector will become a vanguard to reduce CO, emission
by facilitating technological reforms.

The decarbonisation of the power generation sector is accomplished mainly by
cutting down the proportion of coal-related technologies and using more renewable
technologies. In the LC3 scenario, the most stringent low-carbon scenario, more
than half of all electricity is produced by wind and solar power. Such a high
proportion of renewable technologies applied will create supply shocks to the grid
system. Therefore, the development of energy storage technology is urgently
needed to offset the uncertainty of renewable technologies.

Significant changes have occurred in the energy consumption structure of
China’s industrial sector as its economy further reduces its carbon emissions. The
large proportion of coal technologies used in the base scenario will gradually be
replaced by more clean technologies such as electricity and heat technologies in
low-carbon scenarios. It is noted that the proportion of heat technologies expands
extremely fast from the LC1 to LC3 scenarios, chiefly due to the fact that using
more renewables in producing electricity is more costly than using current CHP
technology to produce heat.

Appendix

See Table 4.3.

Table 4.3 Energy conservation policies in China over the past decade

Measures Category Date Stakeholders Mandatory Sectoral overage
effective ratings

Energy National Apr. National Obligation All sectors
conservation law law 2008 People’s (instructional
(revision version) Congress support)
Circular Economy | National Jan. NPC Obligation All resource-related
Promotion Law law 2009 (instructional | sectors

support)
The State National Aug. State Council Obligation Mainly focused on
Council’s decision | regulation 2006 energy-intensive
on strengthening sectors
energy
conservation
The State National June State Council Obligation Mainly focused on
Council’s regulation 2007 energy-intensive
announcement of a sectors
comprehensive

scheme on energy
conservation and
emissions
reduction

(continued)
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Measures Category Date Stakeholders Mandatory Sectoral overage
effective ratings
The State National Nowv. State Council Obligation All provinces and
Council’s regulation 2007 energy-intensive
announcement that sectors, especially
approved the the 1,000
statistics, energy-intensive
monitoring and enterprises
auditing systems
for energy
conservation and
emissions
reduction
The State National Aug. State Council Obligation Transportation
Council’s regulation 2008 sectors, electricity
announcement of sectors and other
strengthening oil related sectors
and electricity
conservation
The State National Aug. State Council Obligation All sectors
Council’s regulation 2011
announcement of
the 12th FYP’s
comprehensive
scheme on energy
conservation and
emissions
reduction
Mid- and National Nov. NDRC Obligation to | All sectors, focusing
long-term planning 2004 national and on energy-intensive
planning for regional sectors
energy governments
conservation (instructional
support)
11th FYP National Mar. NDRC Obligation to | All sectors, focusing
planning 2006 national and on energy-intensive
regional sectors
governments
(instructional
support)
12th FYP National Mar. NDRC Obligation to | All sectors, focusing
planning 2011 national and on energy-intensive

regional
governments
(instructional
support)

sectors and more
energy users

(continued)
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Table 4.3 (continued)

Measures Category Date Stakeholders Mandatory Sectoral overage
effective ratings

Decision on the Ministry July NDRC; Ministry | Partial Mainly focused on
implementation of | policy 2006 of Science and obligation to | energy-intensive
10 key energy Technology; national and sectors
conservation Ministry of regional
projects in the Finance; governments
11th FYP Ministry of (instructional

Housing And support)

Urban-Rural

Development;

General

Administration

of Quality

Supervision,

Inspection,

Quarantine;

Ministry of

Environmental

Protection
Announcement Ministry Dec NDRC; MOF; Partial Mainly focused on
restricting the policy 2005 Ministry of obligation to | energy-intensive
export of energy, Commerce; national and sectors
pollution and MOLR; General | regional
resource-intensive Administration governments
products of Customs (instructional

General support)

Administration

of Taxation;

MOEP
Announcement to | Ministry Dec NDRGC; Office of | Obligation All provinces and
establish the rule policy 2005 the National energy intensive
of reporting Energy Leading sectors
energy use for per Group; National
unit of GDP Bureau of

Statistics
Guidance on Ministry Apr. MOIT Partial Energy-intensive
strengthening the policy 2010 obligation to | sectors

energy-saving and
emissions
reduction of
medium and
small-scale
enterprises

national and
regional
governments
(instructional
support)

(continued)
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Measures Category Date Stakeholders Mandatory Sectoral overage
effective ratings

Tentative Ministry Mar. State Owned Obligation to | State-owned key
measurement on regulation 2010 Assets state-owned enterprises
monitoring the Supervision and | key
energy Administration enterprises
conservation and Commission of
emissions the State Council
reduction of
state-owned key
enterprises
Announcement of | Ministry Mar. MOIT Obligation to | All sectors, mainly
strengthening the regulation 2010 national and energy-intensive
energy-saving regional sectors
assessment and governments
auditing for fixed (instructional
assets investment support)
National National Feb. NDRC; MOST; Instructional Mainly focused on
technology policy | technology | 2007 support energy-intensive
outline on energy | planning sectors
conservation
National National July NDRC; MOST; Instructional All resource-related
Technology policy | technology | 2010 Ministry of support sectors
outline for planning Industry and
comprehensive Information
resource utilisation Technology;

MOHURD;

Ministry of Land

and Resources
Action plan for Ministry 2006 NDRC; National 1,000
energy policy Energy Agency; energy-intensive
conservation in NBS; GMQST; enterprises
1,000 SOASA

energy-intensive
enterprises

Source Author’s summary
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