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FOREWORD

Improving energy efficiency is critical to achieving the ambitious goals of the Paris Agreement under the UN Fra-
mework Convention on Climate Change. Most global and regional studies show that enhanced energy efficiency
policies and actions can dramatically reduce energy use and associated greenhouse gas emissions. This is reflected in
the fact that 167 countries included action on enhanced energy efficiency in the Intended Nationally Determined
Contributions they submitted as the foundation for the Paris Agreement.

Energy efficiency delivers not only reductions in energy consumption and emissions, if implemented properly, it will
also provide opportunities for many economy-wide benefits, such as improved health and well-being, cleaner air and
more jobs.

In spite of the political ambition and potential for deriving multiple benefits from action, there are many common
barriers and market failures that often prevent countries from moving at the expected pace in implementing the
actions on energy efficiency that have been identified. Many of these barriers and failures need to be overcome in by
individual countries and cities, but best practice examples of proven solutions are extremely useful in showing what
works and how it can be made to happen. This report presents an analysis of energy-cfficiency opportunities and
actions in a number of key sectors in China aimed at inspiring other countries. The assessment highlights some of the
conditions for success that will be essential for replication in other parts of the world.

In terms of the future growth of energy and related greenhouse gas emissions, China and India stand out from other
countries due to their i‘apid economic dcvc]opmcnt, Iarge populations, rapid urbanization and growing industrial
sectors. Both countries are focused on dccoupling both energy use and emissions from economic growth. In their
Intended Nntional]y Determined Contributions, submitted under the Paris Agreement, both countries have included
strategies to pursue improvcd energy cfficicncy across the main sectors of their economies.

This report is part of the China and India Energy Ei‘ficicncy series that has Cmcrgcd from the High Impact Opportuni-
ties studies that the UNEP DTU Partncrship has supportcd in China and India. In China, the study was carried out by
the Energy Research Institute under the National Dcve]opmcnt and Reform Commission and the Institute ofEncrgy,
Environment and Economy at Tsinghua Institute. The other two reports publishcd on China are under the study: Best
Practice and Success Stories on Energy Efficiency in China, and High Impact Opportunities for Energy Efficiency in
China. All the reports can be downloaded for free at www.energyefficencycentre.org.

China is the second-largest economy in the world and the biggest greenhouse gas emitter. Whether it can continue
the rapid improvements to its energy efficiency, and how, are critical not only to fulfilling the country's international
climate targets and domestic five-year plan targets, but also key to realizing the global goals of climate change and
clean and sustainable energy development.

This report, Enhancing Energy Efficiency in China: Assessment of Sectoral Potentials, uses energy and economic mo-
dels to assess the potential for further energy-efficient improvements in the transport, building, industry and power
sectors. The report starts with a modelling assessment of the role of energy efficiency in supporting China to achieve
its Intended Nationally Determined Contribution (INDC) of reaching a peak in its greenhouse gas (GHG) emissions
by around 2030. It concludes that the contribution of improvements in energy efficiency to China reducing its GHG
emissions is between 67% and 80%, depending on whether the country reaches this peak in 2025, 2030, or 2035. The
report continues to use the Long-Range Energy Alternatives Planning (LEAP) model to assess the potential for im-
provements in energy efficiency in the four key sectors.

For each sector, the study identifies key high-impact opportunities (HIOs) for improvements in energy efficiency,
some technical, others structural. The technical HIOs are those based on specific technological improvements, such as
more energy-cfficient housing and more fuel-efficient cars. The structural HIOs involve changes in product mix and
service mix, such as reducing the overcapacity in energy-intensive industries and increasing the use of public transit
for passenger transport. Moreover, for each sector, the report also identifies barriers to the realization of the HIOs
and offers a set of recommendations for how to address them.

I would like to thank the national experts and practitioners who have contributed the cight best practice and success
stories included in this publication. I am sure that the public:ltion will be of value to policy—makcrs, practitioners and
researchers in the two countries, as well as providing inspiration to other countries on how to move forward with
cncrgy—cfﬁcicncy policics and action paving the way to further gains in cfﬁcicncy.

John Christensen

Director

UNEP DTU Partnership
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EXECUTIVE
SUMMARY

Supported by the UNEP and the Copenhagen Centre
on Energy Efficiency (C2E2), Tsinghua University and
the Energy Research Institute (ERI) of the National
Development and Reform Commission jointly conduc-
ted a research project on high-impact energy efficiency
opportunities. Based on a review of progress in energy
conservation across China during the 12 Five-year Plan
(FYP) period and assumptions about future macro-eco-
nomic development, industrial structure upgrading and
energy conservation technological improvement trends,
the research group adopted the method of quantitative
analyses, using the LEAP model (Long-Range Energy Al-
ternatives Planning model) and C-CGE (China - Global
Energy) model to analyze the role of energy conservation
in achieving China’s international climate pledges for
2030. It also sought to provide detailed insights into the
high impact opportunities for energy efficiency across
industry and the building, transportation and power sec-
tors under both the reference scenario and the intensi-
fied energy-saving scenario. By conducting a comparative
analysis and a sensitivity analysis of the two scenarios, the
research group identified future high impact energy-efhi-
ciency opportunities from both technical and structural
angles. Lastly, policy recommendations were provided for
technical and systematic obstacles in the popularization
process of the High Impact Opportunities (HIOs). Du-
ring the project execution period, the research group em-
ployed multiple methods such as a literature review, field
investigations and expert interviews to provide a scienti-
fic and reliable model analysis.

Energy cfficiency and energy conservation have been a
long-term priority for China, bringing about multiple
benefits, including the maximum utilization of energy re-
sources, improving environmental quality and ensuring
energy security. Since 2006 the Chinese government has
set mandatory targets to cut energy intensity per unit of
GDP in its economic and social development plans, with
strong legal measures, regulatory policies and financial
incentives bcing put in placc. By 2015, energy use per unit
of GDP declined by 18.4% compare to that in 2010, far ex-
cccding the established target of 16% in the 12" FYP. From
2010 to 2015, energy efficiency and conservation have al-
lowed China to avoid the Cquivalcnt of 865 megatonnes
of coal equivalent (Mtce) of energy use, equivalent to a
reduction of 1.82 gigatonnes (Gt) in COI emissions. Ef-
forts in energy efficiency and conservation in China have
contributed a lot to the global sustainable transforma-
tion, accounting for more than half of the world’s entire
energy savings in the past tliirty years.

Being the world’s largcst dcvcloping country, China cur-
rently finds itself'in a rapid dcvclopmcnt stage involving
extensive industrialization and urbanization and is faced
with multiplc challcngcs such as economic transforma-
tion, environmental protection and tackling climate
change. In 2015, China released its Intended Nationally
Determined Contribution (INDC), which promised that
China's CO, emissions will pcak in around 2030, that
China will strive to reach this pcnk value as carly as pos-
sible, that CO, emissions per unit of GDP will decline
by 60% to 65% against the 2005 level, and that the pro-
portion of non-fossil energy in China's primary energy
consumption will reach about 20% by 2030. Energy efhi-
ciency is one of the most important solutions for climate
change mitigation. To achieve its voluntary targets by
2030, China needs to adopt further energy efficiency and
emission-reduction policics and measures on the basis
of previous experience. Our modcling results show that
China could achieve its INDCs targets loy intcnsifying
its energy conservation and low-carbon transformation
cfforts. Compared to the reference scenario, carbon emis-
sions in 2030 have to be 15% lower if China is pcak its
grccnhousc gas emissions around 2030. Under the inten-
sified energy-saving scenario, carbon emissions in 2030
could be 27% lower compared to the reference scenario.
Energy cﬂicicncy and conservation playcd a vital role in
both scenarios in achicving the climate plcdgc, contribu-
ting about three quarters of total emission reductions.

This report focuses on the role of energy efficiency and
conservation in realizing the CO, emissions reductions
under the intensified energy-saving scenario. We define
energy efficiency and conservation as any action that
reduces energy demand through the improved use of
materials and better energy efficiency or through struc-
tural shifts from energy-intensive activities to more ser-
vice-oriented activities. Through the LEAP model-based
quantitative analysis, this report identified 26 HIOs in
the industrial, building, transportation and power sec-
tors, of which sixteen are technical HIOs and ten struc-
tural ones. Given the joint effects of technical improve-
ments and economic structure optimization, these HIOs
could realize energy savings of over two Gtce in 2050.

Based on key criteria for HIO selection, the research
group, after calculation and discussion, selected six key
HIOs from the sixteen technical HIOs in the industrial,
building, transportation and power sectors. Of the six
HIOs chosen, one belongs to the industrial sector: in-
dustrial waste heat recovery and utilization technology,
which is estimated to save an energy amount of about 200
Mtce in 2050; two belong to the building sector: passive
building and air source heat pump, which are estimated
to save an energy amount of 220 Mtce and 50 Mtce res-
pectively in 2050; another two belong to the transporta-
tion sector: improvement of fuel economy of trucks and



promotion of electric vehicles, which are estimated to
save an energy amount 0f45.94 Mtce and 49.22 Mtce res-
pcctively in 2050; and the last one bclongs to the power
sector: transformation of coal-fired power plants, which
is estimated to save an energy amount 0f56 Mtce in 2050.
For the kcy energy-intensive sectors, the main findings
are summarized as follows.

Under the intensified energy-saving scenario, energy
consumption in the industrial sector is expected to peak
from 2015 to 2020 and to be halved in 2050, compared to
the reference scenario. Four technical and three structu-
ral HIOs will result in an energy saving of over 1 billion
tee in 2050. The selected technical HIOs included indus-
trial waste heat recovery tcchnology, advanced industrial
combustion/calcination technology, high-efficiency and
environmcnt—friendly industrial boiler, and raw material
route-based process adjustment and energy use optimiza-
tion. It is estimated that in 2050, the four technical HIOs
will produce an energy saving of 580 Mtce, of which
nearly 200 Mtce through industrial waste heat recovery
tcchnology, The structural HIOs included the ‘de—capaci—
ty’ and transformation development of energy-intensive
industries, the industrial ‘eco-link’ devclopmcnt mode
and a subversive industrial production technical revo-
lution. In 2050, the three structural HIOs are estimated
to save an energy amount of about 500 Mtce, of which
nearly 200 Mtce will saved by ‘de-capacity’. In order to
realize the above HIOs, we need to widen the channels
for enterprises to acquire information and application
about examples of energy-saving technologies, improve
standard systems related to energy-saving production
processes, technologies and equipment, remove system
and mechanism barriers across departments and indus-
tries, and establish an institutional environment that is
favorable to the optimization and upgrading of industrial
structure and to the improvement of industrial competi-
tiveness.

Under the intensified energy-saving scenario, energy
consumption in the building sector is expected to peak
around 2039 and be restricted to below 750 Mtce in 2050.
Four technical HIOs and one struccural HIO will contri-
bute energy savings of over 700 Mtce in 2050. Energy sa-
vings in the building sector will mainly be produced by
technical HIOs including promoting passive housing, po-
pularizing high energy efficient equipment, carrying out
deep energy conservation retrofit to existing buildings,
and using low-grade industrial waste heat for heating.
The first three HIOs will contribute energy savings of
220 Mtce, 200 Mtce and 120 Mtce rcspectively in 2050.
The structural HIO is mainly about promoting building
industrialization. Energy savings in 2050 will stand at 30
Mtce. Moreover, building industrialization can save ma-
terials, indirectly lowering the energy consumption of the
industrial sector. To realize the above HIOs, it is neces-
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sary to strcngthcn capacity building to promote passive
housing, tightcn the minimum requirements rcgarding
cncrgy—cfﬁcicncy standards of :1pp1i:1nccs, conduct dccp
energy-conservation rctroﬁtting for existing buildings,
and reinforce planning for using industrial waste heat to
heat cities and towns.

Under the intensified energy-saving scenario, energy
consumption in the transportation sector is Cxpccted
to peak around 2035. Four technical and three structu-
ral HIOs will contribute energy savings of 650 Mtce.
Technical HIOs include upgrading the fuel economy of
trucks, improving the fuel economy of light-duty passen-
ger vehicles, devcloping and popularizing battery electric
and plug-in hybrid electric vehicles, and enhancing elec-
trification of the railways. In 2050, energy savings from
the above HIOs will stand at 45.94 Mtce, 12.39 Mtce,
49.22 Mtce and 11.28 Mtce respectively. Structural HIOs
include improving the share ratio of public transport,
improving the proportion of railway use and promoting
vehicle sharing. In 2050, energy savings from the above
HIOs will stand at 14.85 Mtce, 8.06 Mtce and 0.3 Mtce
respectively. To seize the above HIOs, we need to boost
the transformation and upgrading of transportation
sector management, quicken the pace of the reform of
railway marketization, periodically release and update
fuel economy standards in a timely fashion, expedite the
construction, investment and financing of public trans-
port infrastructure, and continue with R&D and the
promotion of advanced technology in the transportation

field.

Under the intensified energy-saving scenario, energy
consumption in the power sector will peak around 2030.
Four technical and three scructural HIOs will contribute
energy savings of 340 Mtce in 2050. Technical HIOs in
this sector include the transformation of pure conden-
sing steam turbine units to realize cogeneration, compre-
hensive energy-conservation transformation technology
for coal-fired power plants, the adoption of high-capa-
city and high-parameter coal-fired generation units for
newly built units, and the implementation of power grid
energy-saving technological transformations. Structural
HIOs include accelerating the development of renewable
energy power generation, promoting the scale develop-
ment of nuclear power and developing natural gas power
generation. The biggest fossil-fuel energy-saving potential
in the power sector under the intensified energy-saving
scenario in 2050 comes from the substitution of fossil en-
ergy by renewable energy and nuclear power for power
generation and heating, which can save energy by 248
Mrtce; improvements to the power generation cﬂiciency
of thermal power units can contribute energy savings of
56 Mtce; the popularization of cogeneration can contri-
bute 32 Mtce in energy savings; and improvements to
power grid efficiency will contribute 15 Mtce in energy



savings. To seize the above HIOs, we need to encourage
cogeneration promotion according to local circums-
tances, encourage coal-fired power plants to improve
power-generation  efficiency, explore new-generation
high-performance and low-cost power-generation tech-
nologics, boost energy conservation transformation and
renewable energy absorption of power grids, and speed
up power system reforms.
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China announced its Intended Nationally Determined
Contribution (INDC) target before the United Nations
Climate Conference in Paris in 2015. In the INDC, China
committed to peak its CO, emissions around 2030 and
making best efforts to pcak it carly. In achicving this tar-
get, China intends to lower its COZ emissions per unit of
Gross Domestic Product (GDP) by 60% to 65% from the
2005 level, and increase the share of non-fossil fuels in
its primary energy consumption to around 20% by 2030.
In order to fulfil these commitments, China’s energy
and economic systems need to undergo a deep low-car-
bon transition. This chaptcr focuses on the quantitative
an:llysis of the transition pathway toward a low-carbon
energy economy under different scenarios by deploying
the China - Global Energy Model (C-GEM), and exami-
ning the role of energy conservation in nchicving China’s

climate plcdgc.

11 SCENARIOS

It is necessary to look back the history of the carbon in-
tensity and energy intensity of China's GDP during the
past three decades before talking about low-carbon tran-
sitions in order to analyze the relationship between eco-
nomic growth, energy consumption and CO;_ emissions,
and then to design appropriate scenarios accordingly.

111 THE HISTORY OF CHINA’S CARBON
INTENSITY OF ITS GDP

The core of the transition toward a low-carbon energy
economy is to improve carbon productivity, which can
be measured by average annual reduction rates of car-
bon emissions per unit of GDP. In the past thirty years,
China's energy intensity and carbon intensity have both
achieved substantial reductions. Since 1980, the Chinese
economy's carbon intensity has declined by 4.9% per year
due to improvements in labor productivity and the de-
velopment of energy-saving technologies. However, after
2000, the energy-saving efforts started to be offset by the
boom in heavy industries and the increase in the propor-
tion of industry in the economy, resulting in a rise in car-
bon intensity instead of a fall. After 2005, the central go-
vernment significantly intensified its reduction measures
and introduced various new policies for effective energy-
saving and emission reduction. The energy efficiency has
been further improved and the average annual reduction
rate of carbon intensity reached almost 5% in the decade
thereafter (China National Bureau of Statistics, 2015) (see
Figure 1-1).

1.1.2 SCENARIO DESCRIPTION

Three scenarios are designed in this study to reflect dif-
ferent levels of policy effort: a Reference Scenario, a 2030

FIGURE 1-1. Changes in China’s carbon intensity of GDP, energy intensity of GDP, and carbon intensity of

energy during 1980-2015
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TABLE 1-1. Policy description of the Reference Scenario, 2030 Peak CO, Scenario and 2025 Peak CO, Scenario

REFERENCE SCENARIO

2030 PEAK CO, SCENARIO

2025 PEAK CO, SCENARIO

I. Low-Carbon Energy System Transformation Targets

Carbon Intensity 3% reduction per annum after

2015

4% reduction per annum after

2015

5% reduction per annum

after 2015

Il. Policies

Carbon price mechanism
derived endogenously.

The intensity reduction targets are imposed using a carbon price mechanism, and the price is

Gas subsidy

Encouraging the development of natural gas and subsidizing its use.

Feed-in tariff for wind, solar
and biomass electricity

Subsidizing renewable energy on top of the current benchmark grid-connection tariff for coal -
fired power plants through a renewable energy surcharge imposed on electricity consumption.

Peak CO, Scenario and a 2025 Peak CO, Scenario. The
Reference Scenario targets at a 3% per year reduction in
carbon intensity, the 2030 peak CO, scenario at a 4% per
year reduction, and the 2025 Peak CO, Scenario by a 5%
per year reduction.

These carbon intensity reduction targets are imposcd in
each scenario using a carbon price mechanism, and the
price of carbon emissions is derived cndogcnously in the
model. In addition, we simulate other supporting mecha-
nisms in the model. For cxamplc, natural gas is subsidized
in order to increase the production and supply of it and
a Feed-in tariff mechanism is cxploitcd to cxpand the de-
Vclopmcnt of renewable energy such as wind, solar and
biomass electricity.

Brief dcscriptions of the Reference Scenario, 2030 Peak
CO, Scenario and 2025 Peak CO, Scenario are shown in

Table 1-1.

1.2 MODEL AND
MACROECONOMIC
ASSUMPTIONS

1.2.1 CHINA-IN-GLOBAL ENERGY MODEL
(C-GEM)

(1) Overview
The China-in-Global Energy Model (C-GEM) is a mul-

tircgional, multi-sector, rccursivc—dynamic, computablc
general equilibrium (CGE) model of the global economy.
The model is one of the major analytical tools dcvclopcd
by the China Energy and Climate Project (CECP), a coo-
perative effort of the Massachusetts Institute of Techno-
logy’s (MIT) Joint Program on the Science and Policy of
Global Change and the Tsinghua Institute of Energy, En-
vironment, and Economy. The primary goal of the model
is to analyzc the impact of existing and proposcd energy
and climate polices in China on technology, inter-fuel
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competition, the environment and the economy within
a global context.

The C-GEM is a computable general equilibrium (CGE)
model with supplemental accounting for energy and
emissions quantities. [ts basis structure derives from the
Walrasian General Equilibrium 'Ihcory formalized by Ar-
row and Debreu (Arrow and Debreu, 1954; also Sue Wing,
2004). A kcy advzmtagc of the CGE framework is its abili-
ty to capture policy impact across the interlinked sectors
of the economy, including interactions with goods and
factor markets and bilateral trade rclationships between
regions. CGE models are now well-established tools used
to undertake quantitative analysis of the economic im-
pacts of energy and environmental policics (Béhringcr et
al., 2003; Sue Wing, 2004).

The CGE model simulates the circular flow ()fgoods and
services in the economy, as shown below.

The arrows in Figure 1-2 show the flow of goods and ser-
vices in the economic system in each world region. Com-
panies (producers) purchase factor inputs (such as labor,
capital and land) from factor markets and intermediate
goods and services from product markets, which they
then use to produce final goods and services. Consumers
(households) purchase these final goods from the product
markets and sell their labor, capital and other resources
in the factor markets to obtain an income. In each re-
gion, the producers maximize profits given input costs,
and consumers maximize their utility while being subject
to a budgetary constraint. Relative prices are adjusted en-
dogenously to maintain equilibrium across product and
factor markets.

Houscholds allocate income to private consumption and
savings with substitution across these two categories as
defined by the consumer uti]ity function. In the recur-
sivc—dynamic model framework, the houschold savings
decision is based only on current pcriod variables. House-
holds in the C-GEM are assumed to be homogcnous7 SO
that one representative houschold in each region owns all



FIGURE 1-2. Economy-wide circular flow of goods and services in the C-GEM
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the factors of production and receives all the factor pay-
ments. Tax is imposcd in almost all transactions as speci-
fied in the base year data and is collected by government.

Savings and taxes raise fund for investment and govern-
ment expenditure. The government in the C-GEM is mo-
deled as a passive entity that collects tax revenues and
recycles money to houscholds in the form of a lump-sum
supplement to their income from factor returns (Sue
Wing, 2004). The government’s expenditure in each re-
gion is fully funded by houscholds. Different regions are
linked to international trade in that their products can
be exported to the rest of the world, and imported goods
are also sold in the domestic product market following
the Armington Assumption (Armington, 1969). In the
C-GEM, international trade is limited to the product
market; factors such as labor and endowments are not
mobile across regions. The international capital flows
that account for the trade imbalances between regions in
the base year are assumed to gradually disappear.

(2) Model structure

The C-GEM disaggregates the world into 19 regions and
21 sectors, as shown in Table 1-2 and Figure 1-3 below.

We ageregate the C-GEM regions on the basis of econo-
mic structural similarities, membership in trade blocs
and geographical relationships. The regional aggregates
can be scp:lratcd into two distinct groups, namcly deve-
10pcd economies and dcvcloping cconomies, according to
the definitions used by the International Monetary Fund
(IMF, 2012). The major developed economies (United
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States, European Union, Japan, Canada, Australia) and
major dcvcloping countries (China, India, Russia, Bra-
zil, South Africa), as well as major oil supplicrs (mainly
the Middle East) are Cxplicitly rcprcscnted. We furcher
disaggregatc the major economies around China, inclu-
ding South Korea, Japan and Southeast Asia’s dcvcloping
countries, as well as devclopcd Asia, as individual regions
in the C-GEM.

Production in each of the 19 regions in the C-GEM is
comprised of 21 production sectors. This aggregation in-
cludes a detailed representation of the energy production
sectors and the energy intensive industries. As shown
in Table 1-3 below, five energy production sectors (coal,
crude oil, natural gas, refined oil, and Clectricity), and
four energy-intensive sectors (non-metallic mineral pro-
ducts, iron and steel, non-ferrous metals products, and
chemical rubber products) are described in detail.

As a multiregional CGE model, the C-GEM is paramete-
rized and calibrated based on a balanced social accoun-
ting matrix (SAM). The SAM is an array of input-output
accounts that quantifies the flow of goods and services
in the benchmark period (Sue Wing, 2004). The C-GEM
is based on the latest version of the Global Trade Analy-
sis Project database (GTAP 9) and China’s official eco-
nomy and energy data set (Narayanan et al., 2012). It is
also formulated and solved as a Mixed Complementarity
Problem (MCP) using MPSGE, the Mathematical Pro-
gramming Subsystem for General Equilibrium (Mathie-
sen, 1985; Rutherford, 1999), and the Generalized Alge-
braic Modeling System (GAMS) mathematical modeling



TABLE 1-2. Definition of regions in the C-GEM

REGIONS IN THE C-GEM

DETAILED COUNTRIES AND REGIONS INCLUDED

Developed Economies

United States (USA) United States of America
Canada (CAN) Canada

Japan (UPN) Japan

South Korea (KOR) South Korea

Developed Asia (DEA) Hong Kong, Taiwan, Singapore

Europe Union (EUR)

Includes EU-28 plus Countries of the European Free Trade Area (Switzerland,
Norway, Iceland)

Australia-New Zealand (ANZ)

Australia, New Zealand, and rest of the world (Antarctica, Bouvet Island, British
Indian Ocean Territory, French Southern Territories)

Developing and Undeveloped Economies

China (CHN)

Chinese mainland

India (IND)

India

Developing Southeast Asia (SEA)

Indonesia, Malaysia, Philippines, Thailand, Vietnam, Cambodia, Laos, rest of
Southeast Asia.

Rest of Asia (ROA) Rest of Asia countries
Mexico (MEX) Mexico
Middle East (MES) Iran, United Arab Emirates, Bahrain, Israel, Kuwait, Oman, Qatar, Saudi Arabia
South Africa (ZAF) South Africa
Rest of Africa (AFR) Rest of Africa countries
Russia (RUS) Russia
Rest of Europe (ROE) Albania, Croatia, Belarus, Ukraine, Armenia, Azerbaijan, Georgia, Turkey,
Kazakhstan, Kyrgyzstan, rest of Europe.
Brazil (BRA) Brazil
Latin America (LAM) Rest of Latin America countries

FIGURE 1-3. Regions in the C-GEM
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TABLE 1-3. Descriptions of the 21 sectors in the C-GEM

TYPE SECTOR DESCRIPTION
Agriculture  Agriculture (AGR) Crops, forest, livestock
Energy Coal (COAL) Mining and assemblages of hard coal, lignite and peat
Sectors Oil (OIL) Extraction of petroleum
Gas (GAS) Extraction of natural gas
Petroleum Product (ROIL) Refined oil and petro chemistry product
Electricity (ELEC) Electricity production, collection and distribution
Energy- Non-Metallic Minerals Products (NMM) ~ Cement, plaster, lime, gravel, concrete
::Ejir;:;e Iron and Steel (I_S) Manufacture and casting of basic iron and steel
Non-Ferrous Metals Products (NFM) Production and casting of copper, aluminum, zinc, lead, gold, and silver
Chemical Rubber Products (CRP) Basic chemicals, other chemical products, rubber and plastic products
Other Food and Tobacco (FOOD) Manufacture of foods and tobacco
ndustries g (MINE) Mining of metal ores, uranium, gems. other mining and quarrying
Construction (CNS) Building houses factories offices and roads
Electronic Equipment (ELE) Electronic equipment
Textile (TWL) Textiles, wearing apparel and leather products
Transport Equipment (TEQ) Transport equipment
Other Machinery (OME) Other machinery
Other industries (OTHR) Other industries
Service Transportation Services (TRAN) Water, air and land transport, pipeline transport

Commercial and Public Services (SER)

Commercial and public services

Dwelling (DWE)

Dwelling

that is consumption-based and driven by the creation of
Vﬂlue.

Based on a different understanding of the prospects for
China's future reforms, the international community
has different expectations of China's recent economic
growth. The International Monetary Fund (IMF, 2015)
gave a pessimistic forecast for China’s economic growth
of 6.3% in 2016, because of the difficulties in China's
transition to a new growth model. Relatively upbeat fo-
recasts from the World Bank (WB, 2015), on the other
hand, assumed that China's economy will grow by 6.9% in
2017. The Asian Dcvelopment Bank (ADB, 2015) forecast
6.7% growth for 2016 in its ‘Asian Development Outlook
2015 update’. The United Nations (UN, 2015a) expected
China’s growth rate to be 6.8% in 2016. In its Internatio-
nal Energy Outlook, the Energy Information Adminis-
tration’s (EIA, 2014) assumption of China's GDP annual
growth was 6.5% in 2015-2020. The International Energy
Agency (IEA, 2016) assumed China’s economic growth
rate to be 6.2% in 20152020 in ‘World Energy Outlook

2016". The European Union (EU, 2015) predicted 6.3% for
the same period. The Organization for Economic Coope-
ration and Development expected in its ‘Economic Out-
look: Long-term Baseline Projections’ (OECD, 2014) that
China’s economy would grow by 6.7% in 2016 and 6.2% in
2017, probably falling to 5.1% in 2020. A comparison of
these expectations is summarized in Figure 1-4.

Most of the growth forecasts are only short-term, re-
search on the medium- and long-term growth of China's
economy being covered less. The Energy Information Ad-
ministration, in its ‘International Energy Outlook’, assu-
med China’s economic growth to be 5.8% in 2020-2025,
5.5% in 2025-2030 and 4.3% in 2030-2035 (EIA, 2014). The
International Energy Agency in its ‘World Energy Out-
look 2016 forecast economic growth in China to be 5.2%
annually in 2020-2030 and 3.2% in 2030-2040 (IEA, 2016).
The Organization for Economic Cooperation and Deve-
lopment has conducted detailed research on the growth
factors for China’s medium- and long-term economic
growth, including population growth, employment rate



FIGURE 1-4. Forecasts of China’s economic growth rate in the literature
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and total factor productivity, concluding that China’s
economic growth rate in 2020-2025 would be 4.4%, 3.7% in
2025-2030 and 3.4% in 2030-2035 (OECD, 2014), as shown
in Figure 1-4 (ADB, 2015; EIA, 2014; EIU, 2015; EU, 2015;
IEA, 2016; IMF, 2015; OECD, 2014; OECD, 2015; OECD,
2016a; OECD, 2016b; WB, 2015; UN, 20152).

1.2.3 SOCIAL AND ECONOMIC
DEVELOPMENT ASSUMPTIONS

(1) Economic growth

Based on the forecasts in the literature and by research
groups, we dcsign a scenario for future economic growth
for China, set out in Table 1-4. The annual growth rate du-
ring the ‘13th Five-year Plan’ is 6.5%, which is in agreement
with the central government’s strategic pl:m. The assump-
tions for GDP growth rate after 2020 are all within the
range of the expectations cxprcsscd in the literature.

TABLE 1-4. GDP growth rate assumptions for China in
the C-GEM

2015-2020 2020-2025 2025-2030 2030-2035

GDP
Annual
Growth
Rate

6.5% 5.8% 4.8% 3.8%

(2) ECONOMIC STRUCTURE

China’s economic development has entered the ‘New Nor-
mal’ in the context of the low-carbon transition, charac-
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terized by the transformation of its development mode
from investment-driven growth to intensive growth
driven by consumption and innovation, with significant
changes in economic structure. With social development
and incomes rising, the proportions of primary and se-
condary industries in GDP tend to decline, and the pro-
portion of the tertiary industry tends to increase, while
industry’s internal structure will change from the low

side to the high side by achieving industrial upgrading.

Therefore, we made some basic assumptions about China's
future economic structure. We calibrated China’s future
mode of consumption, especially the respective shares
of agriculture, food and services in total consumption
with reference to the proportion of final consumption in
total spending by major countries in the world. Similar
to the consumption mode, we also calibrated China’s in-
vestment structure and the input-and-output structures
of major sectors such as iron and steel, machinery, trans-
portation and so on. The assumptions regarding China’s
cconomic structure are shown in F igure 1-5.

(3) Population growth

The population values are assigned using the World Po-
pulation Prospects of the United Nations (UN, 2015b), as
shown in Figure 1-6. According to this projection, much
of this growth will happen in developing regions such as
Africa and India. The population of Africa is also projec-
ted to grow rapidly and is estimated to double between
2010 and 2040. India is projected to surpass China in po-
pulation to become the world’s most populous country
between 2020 and 2025. China’s population is predicted
to peak at around 1.4 billion around 2030.



FIGURE 1-5. Assumptions about China’s economic structure
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1.3 RESULTS AND DISCUSSION

1.3.1 PRIMARY ENERGY CONSUMPTION

(1) Total primary energy consumption

Our analysis shows a remarkable changc in the trend of
primary energy consumption under these three scenarios.
Under the reference scenario, China’s primary energy
consumption will keep increasing from 4.3 gigatonnes
of coal cquivalent (Gtee) in 2015 to 7.4 Gtce in 2035.
Under the 2030 pcak CO, scenario, the primary energy
consumptions are 5.1 Gtee in 2020 and 6.2 Gtee in 2030.

2025 2030 2035

m Service

Total primary energy consumption in the 2025 peak CO,
scenario will see a greater decline at 4.9 Gtee in 2020 and
5.6 Gtee in 2030. In 2030, total primary energy consump-
tion under the 2025 peak CO, scenario will be 10% less
than that under the 2030 peak CO, scenario and 18% less
than that in the reference scenario, as shown in Figure 1-7.

(2) Energy mix

Turning to the energy mix, in the reference scenario, the
proportions of coal, oil, gas and non-fossil fuels in prima-
ry energy consumption in 2030 will be 55%, 18%, 10% and
17% respectively. In the 2030 Peak CO, Scenario, the ave-
rage annual reduction rate of carbon intensity maintains

FIGURE 1-6. World population projections from the United Nations
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FIGURE 1-7. Primary energy consumption in China under different scenarios

a level of 4% from 2015 through 2035. A higher carbon
price results in a greater reduction of coal use and more
rapid growth of non-fossil fuel utilization. Under this
scenario, the proportions of coal, oil, gas and non-fossil
fuels in primary energy consumption in 2030 will change
o 49%, 20%, 12% and 20% respectively. With a stricter
policy in the 2025 Peak CO, Scenario, where carbon in-
tensity maintains reductions of 5% from 2015 to 2035, an
increasing carbon price results in a greater reduction in
coal use and booming development for non-fossil fuels.
In 2030, coal, oil, gas and non-fossil fuels in primary en-
ergy consumption will account for 42%, 21%, 14% and 23%
respectively. It should be noted that under this scenario
coal consumption will no 10nger increase anymore and
decline thereafter, which means that coal use will reach
its peak during the ‘13th Five-year Plan’ (2015-2020).

1.3.2 CARBON DIOXIDE EMISSIONS
TRAJECTORY

Shown in Figure 1-8 are the trajectories of CO, emissions
from fossil fuel consumption under the three scenarios
during 2010-2035. Under the reference scenario, China’s
CO, emissions will keep increasing from 8.1 Gt in 2010 to
13.8 Gt in 2035. Under the 2030 Peak CO, Scenario, howe-
ver, emissions will peak in 2030 at approximately 11.4 Gt
and begin to decline thereafter. Under the 2025 Peak CO,
Scenario, where the carbon intensity reduction rate is 5%
per year from 2015 O 2035, carbon emissions will peak in
2025, and the peak will be even less - around 10.0 Gt, as
shown in Figure 1-8.
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1.3.3 THE CONTRIBUTION OF ENERGY
CONSERVATION

Aceording to the model results and analysis, under
the reference scenario, the average contribution of
energy conservation to emissions reduction during
2015-2035 could reach 80%, while the role of energy
substitution is only 20%. Under the 2030 Peak CO,
Scenario, energy conservation could contribute about
76% of the total amount of emissions reduction, with
24% by energy substitution. Under the 2025 Peak CO,
Scenario, energy conservation’s contribution to emis-
sions reduction decreases to 72%, and energy substi-
tution’s role increases to 28%, as shown in Figure 1-9.
From the time perspective, taking the 2025 Peak CO,
Scenario as an example, the contribution of energy
conservation decreases from 75% to 67%, though the
role of energy substitution grows from 25% to 33%, as
shown in Figure 1-10.

Thus it can be seen that, compared to energy substitu-
tion, energy conservation plays amore important role in
the field of energy saving and emissions reduction than
in the past, while energy substitution has a tendency to
increase its impact with the growing strength of trans-
formation and over time. China's low-carbon transition
in its energy economy needs to rely on technological
improvements, energy ecfficiency enhancements and
energy mix transformations, that is, when considered
from the energy-conservation and energy-substitution
perspectives.



FIGURE 1-8. Carbon dioxide emissions trajectories in China under different scenarios
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FIGURE 1-9. The contribution of energy conservation and energy substitution to emissions reduction under
different scenarios
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FIGURE 1- 10. The contribution of energy conservation and energy substitution to emissions reduction under

the 2025 Peak CO, Scenario
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21 GENERAL RESULT OF
ENERGY CONSERVATION IN
CHINA IN THE 12™ FYP

The 12" Five-year Plan (2011-2015) for China's social and
economic development sets an energy conservation tar-
get of 16% reduction in energy consumption per unit of
GDP in 2015 on the level in 2010. According to the requi-
rements of the Plan, energy use per unit of GDP had to
reduce over 3.4% annually.

With the Chinese economy gradually entered the New
Normal, economic growth has slowed down and adjust-
ment of the economic structure has gradually progressed,
with the growth rate of energy consumption gradually
declining to 0.98% in 2015 from 7.32% in 2011. At same
time, cconomic development dependent on  energy
consumption has continually declined as well. Therefore,
during the period of the 12" Five-year Plan, energy use
per unit of GDP declined by 2.0%, 3.7%, 3.8%, 4.8% and
5.5% in each year.

In total, energy use per unit of GDP declined 18.4% from
2010 to 2015, far exceeding the agreed target of 16% for the
12" FYP. The accumulative energy saving was 865 Mtce
(see Table 2-1), Cquivalcnt to 1.82 Gt of CO, emission re-
ductions.’

2.2 ENERGY EFFICIENCY
IMPROVEMENTS IN KEY
ENERGY END-USE SECTORS IN
THE 12™ FYP

In order to meet the agreed energy conservation target in
the 12 Five-year Plan, the State Council has allocated the

1 The data are calculated by using the chaining method, that is, there is no
single base year, but time series data are required, and for every year the
previous year is used as the base.

energy conservation target to the key energy-consuming
sectors and industries. Besides energy conservation and
emission mitigation in the 12 Five-year Plan, at the be-
ginning of the Plan the Ministry of Industry and Informa-
tion chhnology issued an Industry Energy Conservation
Plan, the Ministry of Housing and Urban-Rural Dcvclop—
ment publishcd a Building Energy Conservation Plan, the
Ministry of Transport issued a Highway Waterway Trans-
portation Energy Conservation and Emissions Reduction
Plan, the Ministry of Railways publishcd a Railway En-
ergy Conservation Plan, and the National Government
Offices Administration issued an Energy Conservation
Plan for Public Institutions. Energy-conservation indi-
cators and targets were set out in these plans, basically
constituting the anticipatcd indicators.

2.2.1 ENERGY EFFICIENCY IMPROVEMENTS
IN INDUSTRIAL SECTORS

The Energy Conservation and Emission Mitigation Plan
and Industrial Energy Conservation Plan in the 12 Five-
year Plan have proposed targeted objectives, such as a
21% reduction in energy use of value-added in above-scale
industries, a reduction rate of energy consumption per
unit of industrial value-added in the major industries,
and energy consumption per unit of key energy-intensive
products.

By 2014, energy consumption per unit of value-added in
above-scale industries declined by 21% compared with
2010, and the 12 FYP's target of energy conservation was
achieved one year ahead of schedule (see Table 2-2).

According to statistics from relevant experts, energy
consumption per unit of main products continually de-

th

clined during the 12 FYP period, the gap between China
and other countries having gradually been narrowed (see

Table 2-3).

TABLE 2-1. Total energy consumption and energy intensity of China's GDP from 2010 to 2015

DI oy 7 T enemoyuse SNSRCYUSE REouCToN st

CONSTANT USE(10“TCE) RATE GROWTH COEFFICIENT (TCE/10* GDP ENERGY SAVING

PRICES) RATE RMB) INTENSITY (10“TCE)
2010 413,030 360,648 10.64% 7.30% 0.69 0.873 - -
20M 452,419 387,043 9.54% 7.32% 0.77 0.855 2.0% 0.80
2012 487962 402,138 7.86% 3.90% 0.50 0.824 3.7% 153
2013 525,816 416,913 7.76% 3.67% 047 0.793 3.8% 1.64
2014 564189 425,806 7.30% 213% 0.29 0.755 4.8% 215
2015 603,198 430,000 6.91% 0.98% 0.14 0.713 5.5% 2.52
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TABLE 2-2. Industrial Value-added and energy consumption in the 12th Five-year Plan Period
'

PERFORMANCE IN THE

MAIN INDICATORS 2010 2014 .II-:Z:);EST FIRST FOUR YEARS OF
THE 12™ FIVE-YEAR PLAN

Value-added of total industry (billion RMB, current price) ~ 19,157.1 22,7991 8% 8.31%

Energy intensity (energy consumption to value-added ratio) 192 152 -21% -21%

of above-scale industrial enterprises (in 2005 prices)

Source: China Statistics Yearbook 2016; Ministry of Industry and Information Technology

TABLE 2-3. Energy efficiency changes in key energy intensive products and production processes
[ S E 1 Y

CHINA INTERNATIONAL
ADVANCED
2000 2005 2010 2011 2012 2013 2014 LEVEL

Coal mining, washing and screening
Gross energy use (kgce/t) 382 32 327 325 31.8 30.2
Power use (kWh/t) 29 251 240 240 234 258 243 17.0
Oil'and natural gas exploitation
Gross energy use (kgce/toe) 208 163 141 132 126 121 125 105
Power use (kWh/toe) 172 171 121 127 121 123 132 90
Co-fired thermal power generation (gce/kWh) 363 343 312 308 305 302 300 292
Coal-fired power supply (gce/kWh) 392 370 333 329 325 321 319 302
Steel production (kgce/t)

-Whole industry 1475 1020 950 942 940 923 913

-Large and medium enterprises 906 760 701 695 694 682 674

-Steel comparable energy use 784 732 681 675 674 662 654 610

AC Power use of Electrolytic aluminium 15418 14575 13979 13913 13844 13740 13596 12900
manufacturing (kWh/t)

Copper smelting (kgee/t) 1227 780 500 497 451 436 420 360
Cement production (kgee/t) 172 149 134 129 127 125 124 18
Wall material manufacturing (kgce/10* 763 478 468 454 449 449 454 300
standard bricks)

Comprehensive energy use of 8.6 8.0 77 74 73 VAl 7.0 34
architectural ceramics (kgce/m?)

Flat glass manufacturing (kgce/50kg) 25.0 22.7 16.9 16.5 16.0 15.0 71 13.0
Oil processing (kgce/t) 18 14 100 97 93 94 97 73
Ethylene production (kgce/t) 125 1073 950 895 893 879 860 629
Synthetic ammonia production (kgce/t) 1699 1700 1587 1568 1552 1532 1540 990
Comprehensive energy use of caustic 1439 1297 1006 1060 986 972 949 910
soda/kgee/t

Soda ash production (kgee/t) 406 396 385 384 376 337 336 310

Power use for calcium carbide production 3475 3450 3340 3450 3360 3423 3272 3000
(kWh/t)

Paper and paper board manufacturing

-Whole industry(kgce/t) 912 528 390 380 366 353 340

- Enterprises using own made paperpulp 1540 1380 1200 170 128 1087 1050 580
(kgce/t)

-Power use of chemical fiber (kWh/t) 2276 1396 967 951 878 849 801 800

Sources: Wang Qingyi, China Energy Data (2015), China Energy Data (2014)
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TABLE 2-4. Building energy conservation targets set in the Energy Conservation and Emission Mitigation Plan
for the 12 FYP period

ITEMS UNIT 2010 2015 CHANGE
Floor areas of energy conservation retrofits for existing residential buildings in 108 m? 1.8 5.8 4
northern China

Percentage of green building standard enforcement among new buildings (both % 1 15 14
urban and rural)

Residential building energy conservation retrofits in the zones of hot summer and 108 m? 05
cold winter

Energy conservation retrofits for public buildings 108 m? 0.6

2.2.2 ENERGY EFFICIENCY IMPROVEMENTS
INTHE BUILDING SECTOR

The Energy Conservation and Emission Mitigation Plan

and the Building Energy Conservation Plan for the Buil-

ding Sector in the 12 Five-year Plan have set out energy

conservation targctcd indicators, such as the floor areas

of energy conservation retrofits for existing residential

buildings in northern China and green building dcvclop—

ment. ThC cnergy conservation targcts set out in thC En-

ergy Conservation and Emission Mitigation Plan for the

12t Five-year Plan are shown in Table 2-4.

According to statistical data from the MOHURD, infor-
mation about achieving energy conservation targets is as

follows:

1. Energy conservation standards enforcement among

new buildings. By the end of 2015, the enforcement
rate of compulsory energy-conservation standards
basically reached 100% in all urban areas. Beijing,
Tianjin, Shandong Province, Tangshan City in Hebei
Province, Urumgqi of Xinjiang etc. have already enfor-
ced local energy-conservation standards among 75% of
the new buildings. By the end of 2014, the area of ac-
cumulated constructed energy-conservation buildings
was 11.35 billion m” in the whole country.”

. Energy conservation retrofits for existing residential

th

buildings. In the first four years of the 12 Five-

year Plan, the area of heating supply metering and
energy conservation retrofits for existing residen-

tial buildings is 830 million m” in urban northern
China, where space heating provision is a mandatory
responsibility for the government, exceeding the
target of 400 million m” set by the State Council. In
2015, the target was 160 million m?, and 167 million
m” of retrofit had been achieved. The total area of
energy conservation retrofit floors is expected to be

1 billion m* during the 12" Five-year period. By the
end of 2014, floor areas with heating metering charges
had reached 1.1 billion m?. In the 12" Five-year Plan,
energy conservation pilots were conducted on 7090
m” of existing residential buildings in the hot summer

and cold winter areas, exceeding the target set by the
State Council

. Energy conservation retrofits ofpublic buildings. By

the end of:2014, the energy audit for public buildings
had covered over 12,900 buildings nationwide, and
energy consumption of more than 13,000 buildings
had been audited and published. A dynamic monito-
ring platform for the energy use of public buildings
had been created in 33 provinces (autonomous regions
and metropolitans), and the energy consumption

of over 7400 buildings was being monitored. By the
end of 2014, energy conservation retrofits for public
buildings had reached 39.28 million square meters
countrywidc7 and 32.64 million square meters was
scheduled to complete in 2015. An energy-conserva-
tion supervision system construction pilot has been
conducted in 256 colleges and universities, 44 hospi-
tals and 19 scientific research institutes.

. Green building dcvclopmcnt. By the end of Octo-

ber 2015, 3600 programs had passed assessment and
obtained green building labels in the whole country,
and the total floor area had reached 420 million
square meters. Beijing, Chongging, Jiangsu, Zhejiang
and Shenzhen etc., have started to enforce green
building standards compulsorily in newly constructed
buildings in cities and towns, and nearly 400 million
square meters of green building had been compul-
sorily introduced. Affordable housing projects in

the above capital cities of provinces have started to
enforce green building standards compulsorily. It was
predicted that the floor arcas of newly constructed
green buildings will total over 1 billion square meters
across the country by the end of 2015, thus success-
fully achieving the target set out in the 12 FYP.

. Renewable energy applications in buildings. By the

end of 2014, areas of solar-thermal application in
national cities and towns had reached 2.7 billion
m?, areas of shallow geothermal energy application
460 million m’, and installed capacity of building
integrated solar PV 2500 MW. 25 renewable energy
applications in building promotion had been pro-
moted at the provincial level, togcthcr with 93 pilot

2
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TABLE 2-5. Energy conservation targets set in the Energy Conservation and Emission Mitigation Plan for the

Transport Sector for the 12th FYP period

CHANGE RANGE/

INDICATORS 2010 2015 RATE

Gross energy efficiency of railway transport (tce/million ton-km) 5.01 476 [-5%]
Energy use of vehicles in operation unit transport turnover (kgce/100 ton-km) 79 7.5 [-5%]
Energy use of ships in operation unit transport turnover (kgce/1000 km) 6.99 6.29 [-10%]
Energy use of civil aviation transport turnover (kgce/ton-km) 045 0428 [-5%]

Source: Chinese Ministry of Transport

cities of renewable energy integrated in buildings, 98
demonstration counties, 608 solar PV integrated in
building pilot projects and & solar energy comprchcn—
sive utilization pilots at the provincial level.

2.2.3 ENERGY EFFICIENCY IMPROVEMENTS
IN THE TRANSPORTATION SECTOR

The energy-conservation targets set out in the Energy
Conservation and Emission Mitigation Plan for the trans-
portation sector in the 12th Five-year pcriod is shown in

Table 2-5.

In respect of energy conservation in relation to highways
and waterway transport, the Ministry of Transport issued
a Highway and Waterway Transportation Energy Conserva-
tion and Emissions Reduction Plan in the 12th FYP, which pro-
poses an energy efficiency target: compared to the level in
2005, gross energy use Cﬂiciency of vehicles in operation
for each transport turnover shall reduce 10% by 2010, and
that of passenger vehicles in operation and freight vehicles
in operation will decline 6% and 12% respectively; energy
eﬁicicncy of waterway transport shall decline 15%, with
that of marine transport and inland waterway transport
decline 16% and 14% respectively; and the gross energy ef-
ficiency of port operation shall reduce 8%.

In 2013, the Ministry of Transport organized a mid-term
assessment for transport energy conservation in the 12"
FYP. The results show that highway and waterway trans-
port had already completed their energy conservation
targets set out in the 12 FYP within chree years. As

shown in Table 2-6, most targets had been reached ahead
of schedule.

As for railway transport, statistical data published by the
National Railway Corporation indicated that, comparcd
to 2010, gross energy cfiicicncy of the national railways
and the major railway transport businesses in 2014 had
declined 10% and 7.3% respectively, far exceeding the tar-
get ofs% reduction in five years. In the civil aviation sec.
tor, it was prcdictcd that the average oil use per person
km would decline 4.2% in the 12" FYP period.

2.2.4 ENERGY CONSERVATION INDICATORS
OF PUBLIC INSTITUTES

The Energy Conservation and Emission Mitigation Plan for the
12th FYP Period and the 12 Five-year Energy Conservation
Plan for the Public Institutes have set out energy conserva-
tion targets for public institutes: energy use per square
meter of building floor in 2015 shall be 12% compared
with the level in 2010, and per capita energy use shall de-
cline 15%.

TABLE 2-6. Progresses in realizing the road and waterway transportation energy conservation targets in the

12th Five-year Period

Indicators

2010-2015 Target

Reduction in 2013 Accomplishment

(improvement from  Compared with

base year 2005) 2005 level
Road transport energy efficiency 10% 1.70% 1M7%
Energy-efficiency of road passenger transport (per person-km) 6% 12.40% 207%
Energy efficiency of road freight transport (per ton-km) 12% 11.80% 98%
Energy efficiency of waterway transport (per ton-km) 15% 16.30% 109%
Energy efficiency of marine transport (per ton-km) 16% 14.40% 90%
Energy efficiency of inland waterway transport (per ton-km) 14% 19.50% 139%
Energy efficiency of port operation (per ton of handling capacity) 8% 14.30% 179%

Source: Chinese Ministry of Transport
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TABLE 2-7. Energy conservation performances of public institutes

ENERGY EFFICIENCY ACCUMULATED
ITEMS 2010 2014 TARGET (2011-2015) REDUCTION IN 2014
Energy use per m? of building floor areas 239 2178 12% 11.05%
(kgce/m?)
Per capita energy use (kgce/person) 447 4 38511 15% 13.92%

In 2014, the floor area based energy intensity of public
institutes was 21.78 kgce/mz, and per capita energy use
was 385.11 kgee/person, declining 11.05% and 13.92% res-
pectively from the levels in 2010. Progress in achieving
the energy conservation target was 91.6% and 92.2% res-
pectively, both exceeding 80% of the established targets®
(see Table 2-7).

2.2.5. ACHIEVEMENT OF ENERGY
CONSERVATION INVESTMENT IN THE 11™
AND 12™ FYPS

In the period of the 1™ FYP, the Chinese Government
stated that energy use per 10,000 RMB of GDP (on fixed
price basis) should be 20% less in 2010 than the level in
2005. The GDP energy intensity actually declined 19.1%
from the 2005 level during 2006-2010, in other words the
country almost realized its energy conservation target in
the 11" FYP. During the five years, the government inves-
ted 846.6 billion RMB in energy efficiency improvement.
The public funds were used to support technical projects
and relevant capacity-building, directly generating 339.9
Mtce of energy savings and contributed 53.8% to the 19.1%
energy-use reduction achieved.

In the first four years of the 12th FYP, the total invest-
ment in energy conservation in China reached RMB
1547.53 billion, rcsulting in a total energy saving of 284.3
Mtce. This directly contributed 47.1% to the 13.4% of GDP
energy intensity reduction achieved during the first four

years of the 12th FYP pcriod.

2.3 OUTLOOK ON

ENERGY CONSERVATION
OPPORTUNITIES IN THE 13TH
FYP

In the Outlines of the 13th National FYP (2016-2020) for
Economic and Social Dcvclopmcnt, a new 15% target has
been set to further reduce the country's GDP energy in-
tensity.

4 Source: National Government Offices Administration.
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During the 13th FYP period, the role of economic struc-
ture optimization in boosting energy conservation is
prioritized, but technology is also expected to play an
important role in energy conservation. It is estimated
that to achieve the target, the total energy conservation
investment need will reach RMB 1.68 trillion and lead to
225 Mtce of energy saving.

Although great improvements have been made in China
in energy cfficicncy in recent years, there is still much
energy-conservation potcntial and many opportunities in
the country.

It is estimated that the realizable energy-conservation po-
tential will be 802.28 Mtce, exceeding the requirements
of the 716.04 Mtce of energy-conservation target for the
13th FYP. All these energy-conservation opportunities
are scattered across different energy end-use sectors, in-
cluding industry, buildings and transportation.

2.4 METHODOLOGY

The study’s vision is that, by pursuing high impact op-
portunities for energy cfficicncy, China can meet the
energy demand of its economic growth with a clean, ef-
ficient, low-carbon, safe and modern energy system. To
generate some mcaningful insights into China’s energy
consumption, this study combines top—down analysis and
bottom—up analysis to research long—tcrm energy deve-
lopmcnt and energy Cfficicncy potcntials systcmatically
and quantitativcly. The top-down analysis is based on
GDP size and growth rate, population and urbanization,
and the experiences and lessons of advanced countries,
taking into account China’s spcciﬁc conditions, dcvclop—
ment stages and levels. The bottom-up analysis focuses on
the energy end-use sectors of Chinese cconomy: industry,
buildings, transport and energy transformation (inclu-
ding both clcctricity and other cncrgy—supply SeCtors).
The analysis includes assessments of sectoral energy de-
mand and activity levels, structural changc and technical
improvements.

The Long-Range Energy Alternatives Planning (LEAP)
system is used to assess future energy-demand pathways
and cncrgy—cfiicicncy potentials. The LEAP model, de-
Vclopcd by the Stockholm Environment Insticute, is an



integratcd modcling tool that can be used to track en-
ergy consumption, production and resource extraction
in all sectors of an cconomy and follows an end-use and
demand-driven approach. In this study7 given the state
of China’s current statistical system, the LEAP model
covers industry and the buildings, transport, and power
sectors, as well as agriculturc, construction, mining, oil-
rcﬁning, coking, coal to oil/gas and some other sectors.
The industry sector has 21 subsectors and distinguishcs
energy-intensive sectors from other manufacturing sec-
tors. The buildings sector is divided by climate zones and
has residential, commercial and pulolic building subsec-
tors. The transportation sector analyzcs the demands
for frcight and passenger transport, distinguishing the
following transport modes: rail, road, shipping, aviation
and pipclincs. The transformation sector covers electri-
city, combined heat and power generation, and hcat—sup—

ply modulcs.

Two distinct scenarios are dcvclopcd in preparing the
storylincs from 2010 to 2050. The Reference Scenario
considers current policies for energy Cfficicncy, excludes
new ambitious policics, and envisions little or mild tech-
nical improvements. Under the Intensified Energy-saving
Scenario, China is cxpcctcd to meet its energy needs and
improve its environmental quality by tapping cost-cf-
fective cncrgy—cfﬁcicncy improvement potcntials and
increasing renewable energy supply in the years to 2050.
Given the fact that China is undcrgoing fast industria-
lization and urbanization, high impact opportunities of
energy cfficicncy - not only from technical improvements
and brcakthrough, but also from economic structural
change and consumer behavior changc - are both cove-
red and analyzcd. For both scenarios, the same macroe-
conomic drivers and assumptions were adoptcd based on
existing Chinese and international projections, as shown
in Table 2-8.

TABLE 2-8. Macroeconomic drivers and assumptions for both scenarios

2010 2020 2030 2040 2050
Total Population (billions) 1.34 142 144 142 1.37
Urbanization Rate (% of population) 50% 60% 68% 74% 78%
Decadal Annual Average GDP Growth Rate (%) 7.6% 5.9% 4% 2.9%
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31 THE CHARACTERISTICS OF
ENERGY CONSUMPTION IN
THE INDUSTRIAL SECTOR AND
PROGRESS WITH ENERGY
EFFICIENCY

For a long time, the industrial sector has been the largest
contributor to national economic development, with
more than 40% of economic outputs coming from indus-
try. However, due to low levels of energy efficiency and
poor treatment of pollutants, energy consumption in the
industrial sector has grown in parallel with the expansion
of economic outputs. The proportion of primary energy
consumption has remained high at a level of 70%, more or
less, while emissions of environmental pollutants such as
sulfur dioxide, nitrogen oxides and smoke dust, as well as
carbon dioxide, account for up to 70% above among na-
tional emissions. Smooth progress with energy efficiency
in the industrial sector is of great strategic significance
to the solution of such problems, like the constraints on
energy, the ecological restraints and the environmental
constraints.

3.1.1 INDUSTRY DOMINATES ENERGY
CONSUMPTION IN CHINA

Industry is the largest energy-consuming sector in China,
consistently accounting for about two thirds of the na-
tional total energy consumed. Since 2000, with sustained
and rapid economic development, accelerated industria-

lization and urbanization and annual GDP growth rates
of nearly 10%, total consumed energy has correspondingly
shown steady growth from 1.47 gigatonnes of coal equi-
valent (Gtce) in 2000 to 43 Gtce in 2015, with average
annual growth rates of up to 7.5%. During the correspon-
ding pcriod7 the annual average growth rates of industrial
value added (VA) and of industrial energy consumption
respcctivcly recorded 10.5% and 8.1%. As shown in Figure
3-1, in 2014 energy consumption in China's industrial sec-
tor reached 2.83 Gtcee, accounting for 66.6% of national
total energy consumption, and representing an increase
of 0.2% over 2001.

3.1.2 ENERGY-INTENSIVE INDUSTRY IS
A KEY FIELD FOR INDUSTRIAL ENERGY
CONSUMPTION IN RECENT YEARS

Energy-intensive industries’ constitute the majority of
industrial energy consumption. Since 2000, China’s six
major energy-intensive industries have recorded an an-
nual energy consumption growth rate of 10%, 1.4 percen-
tage points higher than the all industrial sectors' annual
energy consumption growth rate of 8.6%. In 2003 and
2004, the annual energy consumption growth rates of
energy-intensive industries even exceeded 20%. In 2008,
under the impact of the global financial crisis, the energy
consumption growth rate of energy-intensive industries

5 The six energy intensive industries mentioned in this Chapter include buil-
ding materials, steel, non—fermus metals, paper—muking, chemical enginee-

ring and petrochemicals.

FIGURE 3-1. Total energy consumption and the growth of industrial energy consumption during 2001-2014

Note: The amount ofencrgy consumption is calculated using the coal equivalcnt calculation method
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FIGURE 3-2. Energy consumption growth in high-energy-consuming industries during 2001-2014
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declined sharply from 11.1% in 2007 to 1.8% in 2008. Du-
ring 2008 - 2014, except for 2009 and 2011, energy-inten-
sive industries’ annual energy consumption growth rates
were 3% or even lower. Since 2003, the proportion of ener-
gy-intensive industries in the energy consumption of all
industrial sectors has remained 70% or above (as shown in
Figure 3—2); during 2003 - 2013, this proportion rose stea-
dily and reached 77-5% in 2014.

In terms of energy-consumption development trends
in major energy-intensive industries, during the pcriod
from 2000 to 2013, the highest energy consumption
growth rates appeared in steel, non-ferrous metals, che-
micals and building materials industries; in 2013, energy
consumption in these four industrial sectors were respec-
tively 4.0, 3.8, 3.3 and 3.3 times the levels in 2000. The pe-
trochemical and pulp and paper industries recorded rela-
tively slow increases in energy consumption, with their
energy consumption only doubled during the period. On
the other hand, during 2000-2013, energy consumption
in iron and steel, non-ferrous metals and the chemical
and petroleum chemical industries maintained steady
growth, while energy consumption in the building ma-
terials and pulp and paper industries peaked in 2011 and
2009 respectively and have been falling since then (see

Figure 3-3).
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3.1.3THE DOMINANT ROLE OF COAL IN
THE FINAL ENERGY CONSUMPTION OF
INDUSTRY

In China's industrial final energy-consumption, a large
proportion is coal and coke and the share of natural gas
is much smaller. In 2014, coal and coke accounted for as
much as 52.7% of the final energy consumption by indus-
try, while natural gas only accounted for 5.1% (see Figure
3-4). Comparison shows that China's industrial final ener-
gy consumption structure is almost the opposite to that
of developed countries. In developed countries, generally
less than 10% of the industrial final energy consumption
is coal and coke. For example, the shares are only 4% in
the US and less than 10% in the UK, Japan and Germany,
while in China it exceeds 50%. In terms of the share of na-
tural gas in final energy consumption by industry, this va-
lue exceeds 50% in most developed countries and it is just
5% in China. China's industrial final energy consumption
structure is ‘dominated by coal’ and therefore the carbon
intensity of industrial energy consumption is high.

3.1.4 THE EFFICIENCY OF ENERGY
UTILIZATION IS SIGNIFICANTLY IMPROVED

In the past ten years, in order to improve the energy ef-
ficiency of the industrial sector, the Chinese government
has launched an energy-efficiency program for key en-
terprises in energy-intensive industries, including steel,
non-ferrous metals, coal, petroleum and petrochemicals,
chemicals and building materials, thus speeding up the



FIGURE 3-3. Variations in energy consumption indexes for China's major energy-intensive industries during
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application of new energy-efficiency technologies, new
processes and the manufacturing of new products, and
eliminating outmoded industrial production capacities.
Under the joint efforts of both government and enter-
prises, energy efficiency has improved significantly. As
shown in Figure 3-5, during the period from 2005 to
2014, the energy efficiency of major energy-intensive
products was improved by 15% to 25%. During the 11th
FYP in particular the energy efficiency of energy-inten-
sive product manufacturing, such as cement, plate glass

FIGURE 3-4. Changes in the industrial energy structure

and crude steel was significantly improved. At present,
some Chinese enterprises such as Baosteel and Anhui
Conch Cement have topped the global rankings in terms
of energy efficiency. As shown in Figure 3-6, in China the
overall energy efficiency in the manufacturing of energy-
intensive products such as steel, cement and caustic soda
only fall behind the most advanced international level
by 10%, while the energy efficiency of coal-based power
generation and aluminum production has even reached
leading international levels.
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FIGURE 3-5. Improvements in the unit consumption of major energy-intensive products
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3.2 OUTLOOK OF ENERGY
CONSUMPTION IN
INDUSTRIAL SECTORS

To analyze trends in energy consumption in industrial
sectors in the future, this research adopts a ‘botcom up’
model, first analyzes and makes assumptions about the
major driving factors that influence energy consump-
tion, then forecasts the total energy consumption and
energy mix in the industrial sector, as well as the energy
consumption in each subsector.

3.21 METHODOLOGY

The key objectives in promoting energy efficiency in in-
dustrial sectors are to optimize the industrial structure
and the internal structure of each industrial subsector,
improve industrial production technologies and tech-
nology levels, and encourage a low-carbon and cleaner
structure of industrial energy consumption. Essentially,
interventions are made at three levels: economic activity,
production technology, and energy mix. For this reason,
the top-down macroeconomic model and the bottom-up
LEAP model are used to project the future industrial en-
ergy-consumption under different scenarios.

Overall structure of the LEAP model for predicting en-
ergy consumption in the industrial sector is shown Fi-
gure 3-7. The industrial sector is divided into different
subsectors, and the the activity levels and energy intensi-
ties are then assumed for each subsector. For each ener-
gy-intensive industrial subsector, the product yield (the

yiclds of products such as crude steel, cement and electro-
lytic aluminum) is used as main indicator for the activity
level and the rate of physical energy cfficicncy (energy
consumption the production of a ton of steel and a ton
of cement) is used as indicator representing the energy-
intensity level. For each non-cnergy-intensive subsector,
the energy consumption is prcdictcd based on industrial
value added as indicator for the activity level and the en-
ergy intensity per value-added as the indicator for the
energy-intensity level.

3.2.2 KEY ASSUMPTIONS

The kcy parameters which influence the energy consump-
tion of the industrial sectors include the industrial struc-
ture, the yiclds of major energy-intensive products and
energy cfﬁcicncy levels.

The industrial structure and the internal structure

each industrial subsector

China has entered the mid-to-late stage in the process of
industrialization. According to the historical experiences
of dcvclopcd countries, the industrial share of GDP will
gcncrally remain stable with slight declines. During the
13th FYP and in the coming decades, this will also be
the case in China. Given the mutual integration of in-
dustrialization and digitalization, and the integration of
manufacturing industry and the service sector, as well as
the great dcvclopmcnt opportunities providcd by the in-
ternet economy in such fields as finance and technical
Research and Development, the research group made es-
timates about the share of industrial added value in GDP

FIGURE 3-7. The basic structure of the energy consumption analysis model for various industrial sectors
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FIGURE 3-8. The changing trend in China’s economic structure in the future (%)
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as shown in Figure 3-8. In 2050, the shares of secondary
industry and the industrial value-added in China's GDP
will fall to 30% and 26% respectively.

Within the industrial sector, traditional industries and
emerging industries will have different developmental
trends under the Reference Scenario and the Enhanced
Energy Efﬁcicncy Scenarios. Some resource-intensive
industries such as mining, steel and cement will shrink
under the pressure of rising costs and dccrcasing mar-
ket sizes, and there will be a significant decrease in the
GDP proportion of their industrial added values. Some
labor-intensive industries, such as fbod-manuﬁlcturing,
printing and dyeing, and textiles, will pursue technology
and product upgradation, thus increasing their industrial
value-added; however, due to limited market capacity,
ultimately there will be a slight drop in the GDP pro-
portion of value-added in these industries. Based on data

from Japan, Germany, Korea and the US, it is projected
that those high value-added industries, including machi-
nery, transport and communication facilities, electrical
equipment and the chemical product manufacturing in-
dustry, will account for half of value-added of the whole
industrial sector. Therefore, the GDP proportion of these
industries will show significant increases. The structure
of the industrial sectors in terms of value-added shares is
shown in Figure 3-9.

Key energy-intensive products

Having experienced a ‘golden decade’ of development
from 2000 to 2010, China’s energy-intensive industries
showed obvious declines in expansion rate during the
12th FYP period. At present, most energy-intensive indus-
tries are struggling with excessive production capacity in
China, with relatively low enterprise benefit margins and

FIGURE 3-9. The industrial sector's internal structure under different scenarios in 2050 based the their shares

in the added-value of the industrial sector
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proﬁt levels. During the 13th FYP pcriod, although China
is still at the mid-to-late stages of industrialization and
the whole society's demand for energy-intensive products
rcprcscntcd by basic raw materials will remain stable,
then the demand is cxpcctcd decline, and the yiclds of
energy-intensive products such as steel, cement and platc
glass will see a pcak in their market demand. A drama-
tic decline in the total demand for energy-intensive pro-
ducts is prcdictcd to appear after 2020 (see Figurc 3—10).
By 2025, per capita consumption of energy-intensive pro-
ducts such as steel and cement will reach the present ave-
rage level of dcvclopcd countries.

Energy efficiency

Energy efficiency is closely related to production pro-
cesses, raw materials, equipment and tcchno]ogies.
Through comparing the Chinese industrial sector with
the international prcdicted the energy Cﬂciency level
changes in the manufacturing of key energy-intensive
products during 2010 - 2050 by taking into account the
production processes for different energy-intensive pro-
ducts, as well as the potential for improving the energy ef-
ﬁciency to these processes. The results of the prcdictions
are shown in Figure 3-11. The cement and paper industries
possess energy-cfficiency improvement potentials of 20%

FIGURE 3-10. Variation trend of the yields of major energy-intensive products under different scenarios
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FIGURE 3-11. The energy efficiency improvement potentials of energy-intensive industries under different scenarios
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or even highcr. Due to the constraints in raw material
availability and the small production scales, the poten-
tial for improving energy cfficiency in the production of
aluminum and ammonia is much smaller (see Figurc 3—11).

3.2.3 DEVELOPMENT TRENDS IN
INDUSTRIAL ENERGY CONSUMPTION

The changes in the energy consumption level of indus-
trial sectors in the two scenarios are shown in Figure
3-12. Under the Reference Scenario, the industrial final
energy consumption will continue rapid growth, and the
pcak value of energy consumption will occur in 2040 at
2.9 Gtcee, nearly twice as much as the level in 2010. Un-

der the Intensified Energy Conservation Scenario, with
the reduction in the size of energy-intensive industries,
the faster dcvelopmcnt of industries with lower energy
intensity and high added values, and the high penetra-
tion rates of energy efficient tcchnologics, the industrial
final energy consumption will first see slow increase then
stcady declines. The energy consumption is cxpcctcd o
pcak during the 13th FYP pcriod, rcaching a pcak of only
about 1.7 Gtce and the peak will take place twenty years
carlier than the peak value under the Reference Scenario.

FIGURE 3-12. The development trends of industrial final energy consumptions under different scenarios
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3.3 IDENTIFICATION OF KEY
OPPORTUNITIES FOR ENERGY
EFFICIENCY AS WELL AS
ANALYSIS ON TECHNICAL
ECONOMY

China is at the mid-to-late stage of industrialization, when
the traditional extensive development mode no longer
matches the market environment of supply and demand
for factors of production. Therefore, great changes will
take place in the tasks and contents of industrial develop-
ment, and there will be major adjustments in industrial
development in the future. In the short run, the develop-
ment of different industrial sectors will change from one
of “‘Expanding production capacity and increasing market
share’ to ‘Controlling production capacity, improving en-
ergy efficiency and product quality, and environmental
protection’. In the medium and long term, China's indus-
try will find a bigger role in social benefits generation and
provide greater support for the sustainable development
of the whole society. In the whole process of industrial
transformation, energy efficiency will play a very impor-
tant role.

The high impact opportunities for energy efficiency im-
provement in the industrial sector can be divided into
two types: ‘technological ones’ and ‘structural ones),
which are described in detail in the following sections.

3.3.1 HIGH IMPACT OPPORTUNITIES FOR
ENERGY EFFICIENCY IN THE FIELD OF
TECHNOLOGY

There are many sorts of energy-saving technologies in in-
dustry, characterized by ‘scattered distribution, various
classifications and diversified modes. They not only in-
clude technologies in a specific field, but also cross-sector
technologies, and not only energy-cfficiency equipment,
but also production process optimization. Therefore the
research group started with secting the criteria for high
impact technologies in accordance with the relevant do-
cuments issued by government, including the Catalogue of
Key Energy-saving and Low-carbon Technologies for National
Promotion (2015), China’s Lists of Top-ten Energy-saving Tech-
nologies and Top-ten Energy Saving Best Practices, Guidelines
for Advanced Applicable Energy Efficiency and Emission Re-
duction Technologies for the Iron and Steel Industry, and Gui-
deline for Advanced Applicable Energy Efficiency and Emission
Reduction Technologies for the Building Materials Industry.
The research team also selected several high impact tech-
nologies in order to carry out a technical-economic ana-
lysis and assess their promotion potential.

Four criteria are used for the selection of high impact
tcchnologics: (1) a higli dcgrcc of technical maturity and

great potcntial in cncrgy—cﬂicicncy improvement; (2)
low penetration rate at present, but great potential for
P P g P
promotion in the future; (3) good economic returns for
investment; and (4) potential to improve the energy ef-
ficiency of the whole society. Based on these criteria, the
Y Y
following high impact tcchnologics are selected for in-

dustry (see Table 3-1).

After making a preliminary identification of the high im-
pact technologies in the industry, the research group clas-
sified numerous technologies and carried out an analysis
and evaluation of four major fields, including waste-heat
recovery technologies, advanced combustion/calcination
technology, efficient and environmentally friendly boi-
lers and innovative production processes.

Industrial waste-heat recovery technologies

China's industrial sectors abound in waste-heat resources.
According to the findings of an investigation conducted
by the Energy Research Institute within the NDRC, in
2012, seven industries (including steel, cement, glass, am-
monia, caustic soda, calcium carbide and sulfuric acid)
were producing waste heat of up to 340 Mtce, accoun-
ting for 10% of national total energy consumed in the
same year. However, because of technical, economic and
conceptual limitations, only some waste-heat resources
in China have been developed and utilized. Among the
different industrial sectors, the steel industry and the ce-
ment industry have highcr utilization levels of waste heat,
while there is major space for improvement for waste
heat use in other industrial sectors. As observed from
the perspective of waste-heat temperatures, high-tempe-
rature waste-heat sources enjoy higher utilization levels,
the utilization of low-to-medium temperature waste-heat
sources being more difficult.” Intensifying the exploita-
tion and utilization of these resources will be significant
for energy efficiency and emission reductions in the in-
dustrial sectors of the Chinese economy in the future.

According to preliminary estimates and analysis, the in-
dustrial waste-heat utilization technologies that are ma-
ture maturity, high economic efficiency and great promo-
tion potential in the market include coke dry quenching
(CDQ), sintered ore waste-heat generation, cement-kiln
low-temperature waste-heat power generation and slag-
washing water heating ctc. The predicted future penetra-
tion rates of these waste heat recovery technologies are
shown in Figure 3-13. Since cement-kiln low-temperature
waste-heat power generation technology has been widely
deployed among newly built cement plants, there is not
much room for further major improvements in penetra-

6 According to the investigation made by ERI, 54% of industrial waste heat
resources are 4()()0(7 ”’”.ddle‘lﬂw teﬂlperature waste h(’[lt sources, most Of
which are IOW'qua“ty waste h(’at sources with t(’nlpl’raturf Uf’ZUU"(: a"d
below.
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TABLE 3-1. Summary of key power-saving technologies in the industrial sector

INDUSTRY MAJOR CRITICAL TECHNOLOGY

MAJOR CRITICAL TECHNOLOGY

Ironand  Coal moisture control (CMC) Aluminum cell current intensifying technology
Steel Coke dry quenching technology New technology for aluminum electrolysis with
Sintering waste heat recovery and utilization low temperature and low voltage
technology New type cathode structure aluminum cell
Low temperature sintering technology technology
Mini-pelletized sinter process technology New type flow-guide structure technology
BF top gas dry type TRT technology Aluminum electrolysis waste heat recovery
Converter fume dry dusting technology techﬁology ) o
Converter flue gas waste heat recovery Alummqm e\ectro\ysw anode current distribution
technology monitoring technology A A
Thin slab continuous casting technology Technolo_gy for automatic control of aluminum
Energy management center for steel cellroasting
gy 8
enterprises
Cement  Pure low-temperature waste heat power Calcium carbide  Sealed, environment-friendly and energy-saving
generation in cement kiln calcium carbide production technology
Fixed grate-cooling machine technology Low voltage compensation for calcium carbide
Roller mill technology for raw meal grinding furnace
as well as Loesche coal mill technology Calcium carbide furnace tail gas calcined
Vertical mill technology for cement finished limestone technology
grinding Calcium carbide furnace gas direct combustion
Roller press + ball mill combined grinding for steam generation
technology Sensible heat recovery technology
High solid—gas ratio suspension preheating Mechanical closed system for automatic loading
decomposition technology and proportioning for calcium carbide furnace
Energy management and control center for
cement enterprises
Alumina  Technology for production of sand-like Centrifuge secondary filtration technology
aluminum oxide in sintering method Washing water and additive technology for
Technology for production of sand-like vacuum alkali filter
aluminum oxide in Bayer method Self-return soda ash steam calcination
Sodium aluminate solution seed crystal technology
decomposition technology Vacuum distillation technology
Alumina calcination waste heat recovery New technology for soda ash production based
technology on converted gas
Fluidization calcination technology for high
efficiency energy saving furnace
Automatic filtration technology for refined
filtration process
Ethylene  High temperature and radiation resistant New type whole liquid-phase hydrogenation
coating technology for cracking furnace technology
Waste heat recovery, preheating and Heat high-pressure separating flow technology
combustion-supporting air technology Low temperature heat recovery and utilization
Optimization control technology for turbine technology
compressor set Technology of heat integration and heat feeding
between devices
Caustic Membrane (zero) grade distance ion- Pressurized pulverized coal gasification
soda exchange-membrane electrolysis technology technology
Low tank voltage electrolysis with ion- Coal water slurry grading gasification technology
exchange film New type catalyzer used for gas preparation for
Ultrasonic wave scale prevention & descaling synthesis ammonia
technology NHD desulfurization and decarbonization
Technology for optimization control of technology
caustic soda evaporation process Pressure swing adsorption (PSA)
Waste-heat utilization technology for decarbonization technology in two-section
hydrogen-chloride synthesis method
Copper Oxygen bottom-blown smelting technology QlCOhd alkylation pgr\ﬁcatmn techll::ololgy
(Sitems)  Oxygen side-blown bath smelting on-power ammonia recovery technology

technology
Rotary furnace refining technology

Smelting flue gas waste heat recovery
technology

Automated blowing control technology

Three Wastes fluidized mix combustion furnace
technology

Alcohol alkylation purification synthetic
ammonia raw gas technology
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FIGURE 3-13. The penetration rates of major industrial waste-heat utilization technologies in the future (%)
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tion rate. In contrast, coke dry quenching (in particular
for independent coking plants), sintering waste-heat
power generation and the fourth generation of grate coo-
lers have considerable room for penetration rate impro-
vement, which should reach 80% or even higher in 2050.

This research includes a technical and economic analysis
by taking coke dry quenching, sinter waste-heat genera-
tion and efficient (the fourth generation and above) grate
coolers as examples.

1) Coke dr

temperature type)

high-pressure, high-

uenchin

Technical prineiple. Coke dry quenching uses inert gases
to cool down the coke and recover the waste heat. When
pushed out of the coking chamber, the coke falls into the
coke pot or coke tank truck used for coke dry quenching
and enters the cooling chamber of the dry quenching
furnace through the feeding divide. Inert gases are used
for heat exchange with coke; the cooled down coke is

continuously discharged by the coke discharge device and

transferred to the next working procedure. The heated
inert gases can enter the waste-heat boiler for heat ex-
change, steam recovery and power generation, and then
the cooled-down inert gases restart the coke-quenching
procedure.  So-called high-temperature, high-pressure
(HTHP) coke dry quenching means that the waste-heat
boiler used for coke dry quenching is an HTHP boiler,
with the steam flow of the HTHP steam turbine at 100 -
410 t/h, a steam outlet temperature of 540°C and pressure
at 9.8 MPa. This technology is applicable to coke furnaces
with an annual productive capacity of 0.6 million tons or
above, and even to coking plants directly under large and
medium steel combined enterprises.

Energy-saving effect. Coke dry quenching technology can
recover 80% of waste heat from red-hot coke. On average,
it can recover 0.45 - 0.6 ton of steam at 3.9 MPa at 450°C
per ton of coke quenched. After the process’s energy
consumption is deducted, this techno]ogy can recover a
net energy of 35 - 45 kgee per ton of coke. Under equi-
valent Coke—quenching conditions, the power generation

TABLE 3-2. Division of coke dry quenching investment costs for #6 and #7 coke furnaces in L steel

coking plant

NAME OF ENGINEERING COST

ESTIMATED VALUE (10,000 RMB)

PROPORTION IN TOTAL

INVESTMENT (%)
Construction engineering 3039 14.34
Equipment and tools/devices 11919 56.24
Installation work fee 2949 13.91
Other capital costs and budgetary reserves 2167 10.22
Dynamic part of construction investment 417 197
Liquid fund 704 3.32
Total 21195 100.00
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capacity of the steam gcncratcd by the HTHP boiler is
about 10% - 15% highcr than the power generation capaci-
ty of the steam generated by a medium-temperature and
mcdium—prcssurc boiler. Therefore, the HTHP boilers are
more energy efficient.

Technical economy. Coke dry quenching transformation
and matching power generation project for #6 and #7
coke furnaces of L Steel Coking Plant is selected here as
an example (annual coke-processing capacity of 1.1 mil-
lion tons). This project requires a total funding of up to
RMB 211.95 million, and the project investment is divi-
ded into several items, as shown in Table 3-2.

A dry-quenching circulatory cooling system can process
1.1 Mt of coke each year. By improving coke quality, this
system can recover heat form red-hot coke for reutiliza-
tion and generate 0.6446 Mt steam at a pressure of 9.5
MPa and a temperature of 540°C cach year for power
generation. In addition to reducing environmental pollu-
tion caused by wet coke quenching, this system recovers
substantial heat energy and coke powder of 21600 tons/
year, which can be used in production. This system can
also improve coke quality and produce remarkable eco-
nomic and environmental benefits. A waste-heat boiler is
used as the steam source, and a set of 25 MW condensed
steam turbine generator units is built, with annual power
generation of 140 GWh and an annual supply of power of
114.6 GWh, as a result efficient use of resources is realized
and the overall benefits to the company are improved.
For the purposes of this project, the annual mean pro-
duction and operation cost is RMB 38.02 million, and the
annual average total profit from production is RMB 17.84
million, making an after-tax profic of RMB 11.95 million.
According to estimates, the internal rate of return on ca-
pital is 9.64%, and the investment payback period (inclu-
ding the construction period) is 8.42 years.

Prospect of promotion. At present, coke dry quenching
tcchnology has mostly been used in steel joint production
enterprises, but the coke output of these enterprises only
accounts for about a third of total national output. Due
to small production scale and out-of-date equipment,
many independent coking plants have not been equipped
with coke dry quenching systems, so that large quantity
of waste heat from coke production is wasted each year.
On the other hand, the coke dry quenching technology
used at present is mainly of the mcdium-tempcraturc and
medium-pressure type, while the proportion of HTHP
coke dry qucnching in use is only around 30%. With the
development of large-scale coke furnaces, HTHP coke
dry qucnching can produce highcr efﬁcicncy in waste-
heat steam-power generation and thus will represent a
future development trend.
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(2) Sinter waste heat power generation

Technical principles. Sintering waste heat utilization re-
fers to technology designed for the recovery and reurili-
zation of waste heat generated in the sintering procedure,
which is mainly divided into two major forms. The first
form is the sensible heat of sintering fumes, which ac-
counts for about 24% of total heat carried in the sintering
process. The performance of physical and chemical reac-
tions in the sintering process produces constant changes
in the sintering flue gas temperature and contents; when
the sintering process enters its final stage, there is an ob-
vious increase in the flue gas temperature, so the tempe-
rature of the waste gas discharged from the high-tempera-
ture section of the tail bellows can reach 300 - 400°C. The
other form is the sensible heat of the sintered ore, which
accounts for about 45% of the total quantity of heat car-
ried in the sintering process. The mean temperature of
hot sintering mineral discharged from the rtail of the
sintering machine is 600 - 800°C. In the cooling process,
the sensible heat of the sinter is converted into the sen-
sible heat of cooled waste gas, and the temperature of the
waste gas in the high-temperature section is 350 - 420°C.
Therefore, the fumes at the tail bellows of the sintering
machine and the sensible heat of the sinter are the main
sources of sintering waste heat recovery.

The fumes introduced from the high-temperature fume
sections of the sintering and cooling machines are fed
into the top of the waste-heat boiler through the main
fume tube and discharged from the lower part of boiler.
After heat exchange, the fumes are connected to a blower
fan through a pipeline; they are pressurized and then dis-
charged from the funnel, or else the tail gas enters the
recirculation and is used for sintering hot blast or sinter
cooling air, in this way the flue gas is recycled for heat
recovery and utilization. The high temperature fumes
discharged from the sintering and cooling machines en-
ter the waste-heat boiler to heat the water in the heating
surface; then the water turns into HTHP steam after heat
absorption and enters the steam turbine again to gene-
rate power, thus forming a combined cycle.

Energy-saving effect. With the adoption of sintering
fume waste-heat power-generation technology, after
recovery of fume waste heat, for cach of sinter produc-
tion, on average it is feasible to generate up to 20 kWh
of power and reduce energy consumption for producing
a ton of steel by 8 kgce, thus enabling steel enterprises to
achieve signiﬁcaﬂt energy savings and reductions in en-
ergy consumption. In gcneraL if waste gas with a tempe-
rature of npproximatcly 300°C is used instead of normal
temperature air as the combustion-supporting gas for
ignition and heat preservation, 25% - 30% of coal and gas
consumption can be saved.



Technical cconomy. Project case: sinter adopts sintering
waste-heat recovery technology, with an annual produc-
tion capacity of 1 million tons. Total investment in this
project is RMB 12.23 million, including RMB 12 million
of construction costs and RMB 0.23 million of interest in-
curred during construction. The annual production capa-
city of the project is 18 GWh ofpowcr generation, which
can providc RMB 9.18 million of additional income. To
add sintering waste heat recovery facilities, the gcncral
costs will increase RMB 5.68 million (including power
generation costs and the costs of rnanufacturing, admi-
nistration, finances etc.), which means a gross proﬁt of
up to RMB 3.38 million per year. The investment payback
pcriod for chis project is estimated at 3.1 years (cxcluding
the construction pcriod), with a financial internal rate of
recurn (FIRR) of 31.9%.

Prospect of promotion. At present, only a small part of
the large-scale sintering plants in China are equipped
with waste heat recovery and power generation systems,
with a 20% take-up rate of power generation technology.
It is estimated that the penetration rate of this techno-
logy had reached 35% by the end of the 12th FYP period.

(3) Efficient (fourth generation and above) grate

cooler

Technical principlc. The major function of the grate
cooler is to lower the high temperature of clinker with
cooling air. In this process, the cold air is heated and the
heated air enters the kiln and decomposing furnace in
the form of liigh temperature secondary air and tertiary
air before being used for fuel combustion. The high-ef-
ficiency grate cooler is provided with a set of inflation
grate platcs with an air-flow sclf—adaptation function,
which are arranged to form a static grate bed for clinker
cooling and air supply. In addition, a set of pushing rods
able to perform a reciprocating motion are used to push
the clinker layer forward. The high-efficiency grate cooler
is characterized by its modular structure, liigh heat-re-
covery rate, high transfer efficiency, compact structure,
greater energy cfficiency and lack of material leakage in

the main body.

Energy-saving effect. The power consumption of high-ef-
ficiency grate coolers is about 4 kWh per ton of clinker.
The high-efficiency grate cooler can achieve a heat reco-
very rate of 74% or above, being 4% - 6% higher than in
the case of the original third generation of grate cooler.
Compared to the third generation of grate cooler, the
heat consumption of the clinker can be reduced by 60-90
k]/kg. The volume and the weight of the high-efficiency
grate cooler are only a half to a third those of the third ge-
neration, and the energy consumption of the equipment
icself is also reduced by 20% from that of the third gene-
ration. The high-efficiency grate cooler is characterized

by high cooling efficiency, long performance life of grid

platcs, high running rate and obvious benefits in energy
cﬂicicncy and emission reduction. This product is used
for equipment renovation in both ncwly built and old
plants. With 25% of civil engineering investments savings
and the maintenance expenses lowered to 70 - 80%, this
process can producc signiﬁcant cconomic benefits.

Technical economy. 1) A 3000 ton/day production line
is provided with high-efficiency grate cooler techno-
logy, with investment costs of about RMB 8 million, a
construction period of three months, annual energy sa-
vings of 3390 tce, annual economic benefits from energy
efficiency of up to RMB 2.37 million and an investment
payback period of 3.5 years. 2) A 5500 ton/day cement
production line is providcd with liigli—cﬁicicncy grate
cooler technology, with investment costs of RMB 10 mil-
lion, a construction period of three months, annual en-
ergy savings of 5330 tce, annual economic benefits from
energy efficiency of up to RMB 3.7 million and an invest-
ment payback period of three years. 3) In the example
of a 5000 ton/day (1.5 Mt/year) cement production line,
the investment in a high-efficiency grate cooler is about
RMB 20 million, and the operational and maintenance
costs are about 5 million RMB/year. This project can save
up to 4000 - 4500 ton of coal each year, with an invest-

ment payback period of 3-5 years.

Prospect of promotion. The market penetration rate of
this technology is approximately 25% at present, and is
estimated to reach 55% in 2020, 65% in 2030 and 80% or
above in 2050.

Advanced industrial combustion/calcination

technology

With the advancement of combustion technology and
equipment, one important solution of industrial energy
efficiency improvement is to increase fuel-use efficiency
by improving combustion conditions and modes. For
example, oxygen-enriched combustion or total oxygen
combustion technology is adopted in the building ma-
terials industry (cement and glass); regenerative combus-
tion technology is used in steel and nonferrous metal in-
dustries; and blast furnace gas with a lower heating value,
gas-steam combined cycle power plant (CCPP) techno-
logy and stratified combustion technologies are applied
in the steel industry. Estimates of the penetration rates
of the said technologies in the future are shown in Figure
3-14. Since the regenerative combustion technology is
more cost effective and has a realistic basis for technical
application, its penetration rate is cxpcctcd to improve
from 40% at present to approximately 70% by 2020. Oxy-
gen-enriched combustion technology is deployed more
quickly in the glass and ceramics industries than in the
cement industry. However, by 2050, the penetration rate
for this technology in the building materials industry is
expected to reach 60% or more. Since CCPP is constrai-
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FIGURE 3-14. The penetration rates of major industrial efficient combustion technologies in the future (%)
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ned by the scale of production and the residual blasc-fur-
nace gas volumes of steel plants, there is more uncertain-
ty in the promotion of this technology. However, with
the improvements in the production concentration of
the steel industry and progress in blast-furnace gas-reco-
very technology, the CCPP penetration rate is expected
to increase to about 70% by 2050.

In the following section, cost-benefit estimates and ana-
lysis will be made by taking oxygen-enriched combustion
technology and regenerative combustion technology as
examples:

M Oxygen-enriched combustion technology

Technical principle. Oxygen-enriched combustion tech-
nology can be described as a sccondary revolution in
the field of combustion. Its principle is to improve the
concentration of oxygen in the air (oxygen concentra-
tion is generally increased to 28 - 30%), so that the vola-
tile contents and the unburned carbon particles in the
fuel are sufficiently burned in the oxygen-enriched air.
This technology can improve the flame temperature by
100-350°C, speed up the combustion process and rapidly
improve thermal radiation. It is designed to strengthen
combustion, reduce the excess air coefficient, reduce the
air displacement and dust volume after combustion, de-
crease the carbon dioxide content, improve combustion
efficiency7 eEectively convert the fuel in oxygen-enriched
combustion into heat energy, and thus effectively im-
prove the combustion efficiency of the fuel.

36 | CHINAENERGY EFFICIENCY SERIES

Energy-saving effect. For the purposes of oxygen-enri-
ched combustion, the oxygen-enriched gas with an oxy-
gen content of more than 21% is used as the combustion-
supporting air. The speciﬁc oxygen concentration varies
in the different industrial sectors and enterprises. For
example, in the cement industry, by improving the oxygen
concentration to 28% - 30%, it is feasible to reduce the tem-
perature of the ignition point, speed up the combustion
velocity, increase the flame temperature, achieve more
complete combustion, reduce the emission of waste gas,
reduce the heat quantity carried by flue gas, and improve
the thermal efficiency, thus saving energy by about 10%.

Technical economy

Case 1. A cement manufacturer makes a technical change
to its rotary kiln by using oxygen-enriched combustion
technology and the additional equipment is a membrane
method-based oxygen-producing device. According to
the actual operational effects, after process change, the
coal-saving ratio may reach 8-12%. Based on conservative
estimates (a coal-saving ratio of 8% and an annual coal
consumption of 0.276 Mt), this project can save the en-
terprise 22,080 tons of raw coal consumption annually,
or 15,771 tce. Since the price of raw coal is 620 RMB/
ton, this can lead to an annual coal cost saving of 22,080
tonx620 RMB/ton =13,689,600 RMB. In addition, the
annual actual power consumption of oxygen-producing
equipment is 7,920,000 kWh, the power rate is 0.61 RMB/
kWh, the annual electricity cost is 7,920,000 kWhxo.61



RMB/kWh = 4,831,200 RMB. As a resule, the oxygen-en-
riched combustion tcchnology can generate a cost saving
0f13,689,600 RMB - 4,831,200 RMB = 8,858,400 RMB for
the enterprises through energy cfﬁcicncy improvement.

Case 2. A cement plant introduces a technical innovation
to its 3000 ton/day production line by using membrane
rich oxidation combustion-supporting technology, with
a total project investment of RMB 3.85 million and the
power of the oxygen-producing equipment being 412
kW. When the energy use during the three months prior
to the introduction of oxygen enrichment is compared
with the energy use during the 50 days after oxygen en-
richment is used, the average energy efﬁciency improve-
ment exceeds 5.0%. This leaves to an annual coal saving of
130,000%5% =6500 tons; at a coal price of 6oo RMB/ton,
this leads to a reduction in coal costs of RMB 3.9 million.
The annual power consumption cost of the equipment is
RMB 1.3 million. Hence the enterprise can obtain a eco-
nomic benefit of RMB 3.9 million - RMB 1.3 million =
RMB 2.6 million from energy efficiency improvement by
using oxygen-enriched combustion technology.

Prospect of promotion. Since the cement industry has
just started using oxygen-enriched combustion technolo-
gy, the market penetration rate of this technology is less
than 1% at present, but it can be improved to about 10%
by 2020, to 30% by 2030 and to 50% above by 2050. In the
glass industry, the penetration rate of oxygen-enriched
combustion technology is expected to reach 30% by 2020.

(2) Regenerative combustion technology

Technical principle. Regenerative combustion techno-
logy is a flue gas waste heat recovery technology, with
high-temperature air-combustion technology at its core.
High-temperature flue gas is used to preheat combus-
tion-supporting air and/or coal gas. When the air-pre-
heating temperature reaches 1000°C, air with an oxygen
concentration of 2% is combustible; in other word, the
higher the air-preheating temperature, the lower the mi-
nimum oxygen concentration to keep combustion stable.
When fuels combust in a poor-oxygen environment, the
combustion process is a diffusion control-type reaction.
In comparison with the traditional combustion pheno-
menon, the discance from the root of the flame to the
combustion nozzle is reduced, the common flame incan-
descence zone disappears, and the volume of the flame
zone multiplies and can even expand to the whole hearth.
At this moment, the whole hearth becomes a black body
for high-temperature intense radiation with a relatively
even distribution of temperature (the minimal tempera-
ture difference can be reduced to 10°C). As a result, the
heat-transfer efficiency of the hearth is significantly im-
proved and the NO_emissions can be reduced by dozens
of times, hence energy efficiency and environmental pro-
tection can be achieved.

Energy-saving effect. By applying the regenerative com-
bustion tcchnology to the steel rolling hcating furnace,
it is feasible to cool of the high-temperature flue gas
discharged from the heating furnace to below 150°C,
thus achieving a heat-recovery rate of 85% or above and
an energy-efficiency rate of 30% or above. It is feasible
to precheat air and coal gas to 700 - 1000°C and reduce
the oxidation burning loss, so that the rate of loss is less
than 0.7%. By preventing poor-oxygen combustion, this
tcchnology can grcatly reduce the NO_ in flue emissions
by more than 40%. In addition, thanks to its outstzmding
cncrgy—cfﬁcicncy improving effect, emissions OfCOy can
be reduced by 10%-70%. In the heat-storage mode, the re-
generative combustion tcchnology can realize the maxi-
mum recovery of waste gas heat generated by the heating
furnace and prchcat the combustion—supporting air and
coal gastoa high temperature, thus grcatly improving the
heat cfﬁcicncy of the hcnting furnace, lcading to a 10%
- 15% increase in production efficiency. In addition, the
low calorific value fuels (such as blast furnace gas, gene-
rator gas, low calorific value solid fuels and low calorific
value 1iquid fuels) may achieve a highcr temperature of
combustion with the aid of high—tcmpcrnturc prchcatcd
air, so that the application range of low-calorific value
fuels is enlarged.

Technical economy. Project case. A steel rolling heating
furnace with an annual productive capacity of a million
tons is equipped with regenerative combustion techno-
logy. The total investment of this project is RMB 10.18
million, including RMB 10 million of construction in-
vestment and RMB 0.18 million of interest incurred du-
ring construction. The project leads to an energy saving
of 10 kgce per ton of steel and can generate RMB 17.09
million of energy cost saving annually. Applying the re-
generative combustion technology leads to increases in
dcpreciation costs, maintenance expenses management
expenses and financial expenses and the total additio-
nal expenses is RMB 2.3 million and the project’s annual
gross profit is RMB 14.47 million. It is estimated that the
investment payback period of the project (not including
the construction period) is one year, and the financial in-
ternal rate of return is 107.8%.

Prospect of promotion. The penetration rate of this tech-
nology is about 40% by 2010, and its deployment ratio is ex-
pected to reach 70% by 2020, 95% by 2030 and 100% by 2050.

3.1.3 HIGH-EFFICIENCY AND
ENVIRONMENTALLY FRIENDLY INDUSTRIAL
BOILERS

In 2010, 584,700 boilers were in use in China, the average
capacity of boilers had increased from 2.4 t/h before 1990
to the present 5.8 t/h, and the annual consumption of raw
coal is about 640 million tons (450 Mtce), accounting for
15% of national total energy consumption (CNIS 2015).
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There are about 490,000 coal-fired industrial boilers, and
mechanized lnminar—burning boilers account for more
than 70% of the capacity of all coal-fired industrial boi-
lers. 60% of the laminar—burning boilers are chnin—gratc
boilers, the major type of industrial boiler combustion
equipment.

Through efforts over many years, the energy efficiency le-
vel and emissions index of China's industrial boilers have
gradually been improved, but there are still gaps with
the corresponding values in the developed countries. The
average operating cfficiency of China's coal-fired indus-
trial boilers is 65% - 70%, 10 - 20% lower than the most
advanced international level, and the emissions of pol-
lutants remain high. In 2012, industrial boilers emitted
about 4.1 million ton of smoke dust, 5.7 million tons of
sulfur dioxide, and 2 million tons of nitrogen, accounting
for 32%, 26% and 15% of total national emissions respec-
tively.

For a very long period into the future, coal-fired indus-
trial boilers of medium-to-large capacities (unit set steam
output 2 10t/h) will continue being widely used in China.
However, coal-fired boilers produce serious environmen-
tal pollution. With the changes in energy supply struc-
ture and the increasingly strict requirements for energy
saving and environment protection, the development
and use of natural gas will speed up and small coal-fired
industrial boilers will be removed from central urban
areas. Some boilers using clean combustion technology,
such as circulating fluid bed boilers, will witness high-
speed development. Gas-fired boilers will see rapid ex-
pansion, while the boilers combusting domestic garbage
and biomass enjoy enormous market potential. There-
fore, the high-efficiency, energy-saving and low-pollution
industrial boilers based on clean fuels and clean combus-
tion technologies will represent the development trend
of industrial boilers.

(1) High-efficiency pulverized coal fired boiler

Technical principle. Pulverized coal-fired boilers are sus-
pension combustion boilers using coal dust as their fuel.
In these boilers, the hearth is a large enclosure with wa-
ter-cooled hearth fireplace walls. After mixed with air
through the spray burner, pulverized coal (particle dia-
meter of about 0.05-0.1 mm) is sprayed into the hearth
for combustion. The combustion of pulverized coal is
divided into a preparation stage prior to ignition, a com-
bustion stage and an after-combustion stage. Based on
such advanced technologies as concentrated preparation
of pulverized coal, precision powder supply, air-staged
combustion, in-furnace desulfurization, boiler shell (or
water tube)-type boiler heat exchange, efficient bag-type
dust removal, flue gas desulphurization and denitrifica-
tion, as well as an entirely automatic control, high-effi-
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ciency pulvcrizcd coal-fired boilers can achieve high ope-
ration cfﬁcicncy and low emissions.

Energy-saving effect. The new type of high-efficiency
pulverized coal-fired boiler technology can achieve a coal
combustion rates of 98% and boiler heat efficiency rates
of 90% or higher, thus 30% less coal use than traditional
coal-fired boilers. By using the new type of high-efficien-
cy pulverized coal-fired boiler technology, it is feasible to
save the annual fuel costs by more than 20% against the
usual coal-burning boiler technology and by more than
70% against the oil-burning boiler technology. In addi-
tion, the emission of smoke dust (TSP) is less than 20 mg/
Nm? (the national standard is 100 mg/ Nm?), and the SO,
emissions are less than 500 mg/Nm? (the national stan-
dard is 900 mg/ Nm?). Various technical indicacors have
reached advanced international levels.

Technical economy. In spite of a slightly higher unit price
(due to the necessity to turn coal into pulverized coal),
high-efticiency pulverized coal-fired boilers still have
better technical economy that traditional coal-burning
boilers due to their higher combustion efficiency and
heat efficiency. According to tests conducted by the Coal
Science Research Institute, to generate a ton of steam,
the pulverized coal-fired boiler only requires 111 kg of
pulverized coal, while the traditional chain-grate boiler
requires 188 kg. If unit set operation efficiency is 20t/h
and the annual operation duration is 6000 h, the annual
fuel cost for the operation of pulverized coal-fired boilers
is RMB 14.66 million, much less than the RMB 18.11 mil-
lion for traditional chain grate boilers.

Prospect of promotion. At present, the market share of
high-efficiency pulverized coal-fired boiler systems is less
than 1%. Assume these boilers can replace 20,000-30,000
sets of existing small and medium-size coal-burning boi-
lers (average capacity 6 t/h) and that boiler hot efficien-
cy is improvcd by about 25%, it can hc]p China save 9
million tons of coal consumption each year, reduce o5
million tons of SO, emissions, reduce 50,000 tons of dust
emissions, and grcatly reduce the emissions of inhalable
particles, thus producing significant energy-efficiency
and environmental benefits (Fan 2012). The penetration
rate of this tcchnology in industries is Cxpcctcd to reach
10% by 2020, 25% by 2030 and 35% Or above by 2050.

(2) Coal water slurry boiler

Technical principlc. The coal water slurry boiler uses coal
water slurry as a fuel for combustion. Coal water slurry
is a new coal-based liquid fuel, in which coal accounts for
70%, chemical additives for about 1% and water for the
rest. Coal water slurry can be stored in the same manner
as petroleum, can be transported through pipelines and
has the performancc of highly efficient combustion. In
addition, it is characterized by fewer emissions, good sa-



fety features, strong stability and lower prices. As an ideal
alternative fuel that can rcplacc oil and coal, coal water
slurry can be cxtcnsivcly used in civil and industrial boi-
lers and is an intcrnntionally rccognizcd clean-coal fuel.
China has complctcd engineering tests and production
operations on the use of coal water slurry for combustion
in multiplc types of boilers and furnace kilns, including
industrial boilers, power plant boilers and industrial fur-
naces (steel rolling hcating furnaces, anncaling furnaces,
calcination furnaces, tunncl—drying furnaces, ceramic
spray—drying tower hot-blast furnaces, and tunnel-sinte-
ring kilns for brick manufacture and ceramic wares) (Liu
2014).

Energy-saving effect. A coal water slurry boiler can
achieve even efficient utilization of coal resources, so
that the heat Cﬁicicncy of the boiler system can reach 85%
or above, and the burn-off rate 97% or above. By using a
coal water slurry boiler instead of a traditional coal-fired
steam boiler, it becomes feasible to reduce coal consump-
tion. Furthermore, with respect to environmental pro-
tection, since coal water slurry contains about 30% water
content, the combustion temperature of slurry is lower
than the pulverized coal flame temperature by 150°C;
The water vapor in coal water slurry generates a produ-
cing action in the combustion process and thus reduces
NO, into N components, so that exhaust emissions of
nitrogen oxides are greatly reduced. According to actual
findings, the emissions of smoke dust, sulfur dioxide and
nitrogen oxides discharged from coal water slurry boiler
are only 70%, 15% and 39% respectively of the emissions
discharge from the traditional coal-burning boiler (Yi et
al. 2012).

Technical economy. Many scholars have conducted com-
parison an:llysis on coal-fired steam boilers and coal wa-
ter slurry steam boilers in terms of their economic efhi-
ciency. The results indicate that to producc the same scale
of steam, and taking such costs as fuel, labor, operation
and maintenance into comprchcnsivc consideration, coal
water slurry steam boilers have an annual costs 10-15%
than traditional coal-fired steam boilers. If the economic
benefits of pollutant emissions reduction are also taken
into consideration, the economic benefits of coal water
slurry boilers will be even more signific:lnt (Liang et al.,
2012). Furthermore, coal water slurry boilers have high
combustion adjustability, are simplc and convenient to
control, can realize stable combustion under low load,
and are even suitable for operating conditions characte-
rized by load fluctuation.

Prospect of promotion. Given the increase in energy de-
mand and the increasingly strict requirements for envi-
ronmental protection, it is estimated that the installed
capacity of coal water slurry use will increase 5 million

tons per year. Based on an oil substitution quantity/ coal
substitution quantity ratio of 19, it is estimated that,
by 2015, 2020 and 2030, annual coal water slurry use will
reach 55 million tons, 8o million tons and 130 million
tons rcspcctivcly and the annual oil savings will be 2.2
million tons, 3.2 million tons and 5.2 million tons. The an-
nual SO, emission reductions will be rcspcctivcly 201,300
tons, 292,800 tons and 475,000 tons; the annual cost sa-
vings will reach RMB 8.84 billion, RMB 12.85 billion and
RMB 20.86 billion (Liang et al. 2012).

3.1.4 OPTIMIZATION OF PROCESS ROUTE
AND OPTIMIZATION OF ENERGY USE MODE

The innovation of production processes and the substi-
tution of fuels belong to solutions for energy efficiency
improvement in the broad sense. Since these measures
can fundamcntally changc the cfﬁcicncy of energy utili-
zation in industrial production, thcy constitute another
important field for improving industrial energy efficien-
cy in the future. For example, when the short process of
clectric furnace stcclmaking is used to rcplacc the long
process of converter steel-making, energy consumption
for producing a ton of steel can be reduced by more than
70%. And when a natural gas boiler is used to replace the
traditional coal—burning boiler, energy cfﬁcicncy can be
improvcd by ncarly 30%, and pollutant emission can also
be significantly reduced.

(1) Use short-process steel-making to replace long-

process steel-making

Steel production uses two types of basic process flows.
The first type is the blast furnace - converter - hot rol-
ling - dccp processing flow, with iron ore and coal as raw
materials, called the long process flow. The second type
is the electric furnace - hot rolling - deep processing flow
using steel scrap as raw material, called the short process
flow. For the production of 1 ton of crude steel using the
short process instead of the long process, it is possible to
save 1.3 tons of fine iron powder, reduce energy consump-
tion by 350 - 450 kg coal equivalent (an energy saving of
74%) and reduce emissions of carbon dioxide by 1.4 ton
or 58% (China Iron and Steel Association 2015). Further-
more, 80% of energy resources consumed in long-process
steel-making are coal resources, while the energy resource
consumed in short-process steel-making is entirely elec-
tric power. Therefore, the increase in the stccl—scr:lp use
scale is important in saving resources, rcducing energy
consumption, including coal, rcducing the consumption
of raw materials, dccrcasing environmental pollution,
cutting the costs and increasing employment.

Sources of steel scrap include staplc commodities such
as spent automobiles, spent machineries, obsolete ves-
sels and waste applianccs, the cutting steel scrap from
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FIGURE 3-15. The available quantity and consumption of steel scrap in China in 2000-2030 and relevant

predictions
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machining processes in machincry manufacturing and
self-made steel scrap such as top crops and tank bottoms
produccd in steel mill production. In the future, the gene-
ration and utilization quantities of domestic steel scrap
in China will be closcly related to the domestic steel pro-
duction level, the mean life of steel products and the ef-
fective planning of scrap recovery. The World Steel Asso-
ciation has estimated the available quantity of steel scrap
and scrap consumption in China in the future (as shown
in Figurc 3-15). Due to continuous industrialization de-
velopment, available steel scrap resources will constantly
increase, rcaching 250 million tons in 2020 and cxcccding
300 million tons in 2030.

With the increase in available quantities of steel scrap,
prices for it will fall, which is favorable to increasing the
proportion of electric furnace steel output and optimi-
zing the process route for steel production. In 2014, the
proportion of China's electric furnace steel yields was 12%.
This value is CXPCCth to increase to about 16% - 18% by
2020, reach 25% - 30% by 2030 and 40% or above by 2050.

(2) Promoting coal-to-natural gas and coal-to-

electricity fuel switch projects

In dcvclopcd countries, the proportion of coal consump-
tion in industrial end energy use is gcncrally 10% or even
lower. In contrast, coal has thus far playcd contributed
the majority of China'’s industrial energy consumption,
the proportion of coal use remaining at 50% or above for
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a long pcriod of time.” As the major equipment for in-
dustrial coal consumption, industrial boilers and kilns,
which are small in scale and Widcly scactered, result in
low energy cfficicncy and high environmental pollution.

The terms ‘coal—to—gas’ and ‘Coal—to—clcctricity’ refer to the
utilization of natural gas and Clcctricity to replacc coal
consumption. They are both important approaches to re-
ducing the end-use of coal and thus reduce environmen-
tal pollution. For example, SO,, NO, and dust emissions
discharged from gas—fircd boilers are rcspcctively 1.7%,
15.8% and 8.7% of the emissions from coal-burning boilers
(Chinese Acadcmy of Sciences, 2012). The pollutant emis-
sions from natural gas combustion are remarkably lower
than coal combustion. Electric boilers hardly generate
any pollutant emissions in their use; tlley also enjoy such
multiple advantages as small space requirements, noise-
free pCrformance, high heat cfficicncy7 and simplicity in
installation, operation and maintenance.

Existing projects have proved that the fuel switch from
coal to natural gas in the ceramic and glass industries can
produce outstanding environmental benefits and can im-
prove product quality and technological level. Therefore,
it is necessary to promote coal-to-gas technology upgrade
in these industrial sectors. For example, a glass plant lo-

7 Th{’ coal C()ﬂSllN‘lp[iOl‘l nll’llfi(lil(’d I‘l(‘rt’ li]Cllld(’S ["l(’ mnsumption Of raw

coal, cleaned coal, other washed coal and coke.



cated in Xingtai City, Hebei Provinee, has switched from
coal to natural gas; as a result, its annual coal consump-
tion is reduced ]oy ncarly 65,000 tons, emissions of sulfur
dioxide by 275 tons, emission of nitrogen oxides by 190
tons, and emission of smoke dust by ncarly 32 tons. Fur-
thermore, this glass manufacturer also uses natural gas to
produce glass ceramics with high added values. The mar-
ket price of glass ceramics is tens of times that of ordi-
nary glass.'z In the future, natural gas use will become an
even more attractive option due the reform of gas pricing
mechanisms and stable supplics of natural gas, coal-to-
gas tcchnology switch will become a strategic option for
the low-carbon devclopmcnt of industry which is both

feasible and proﬁtablc.

The coal-to-clectricity technology switch involves an
induction heating technology used for metal materials,
featuring high heating efficiency, high heating speed and
low energy consumption. Furthermore, electric heating
can realize the automatic and remote control of tempe-
rature, and therefore enjoy extensive application poten-
tial in many industrial sectors. For example, in heating
furnace equipment with low temperatures and moderate
heating volumes in the building materials sector, coal-to-
clectricity technology upgrade can remarkably improve
the heating efficiency of furnaces as well as the finished
product ratio and quality of products, generating enor-
mous economic benefits. It is worth mentioning that, if
heat-accumulating electrical boilers are used to replace
coal-burning boilers, it can convert electric power into
heat energy for storage in time of low power load and
benefit from low power prices during low-load periods,
so as to achieve the ‘win-win’ results of both economic
benefits and social benefits.

3.2 HIGH IMPACT
OPPORTUNITIES IN
INDUSTRIAL STRUCTURE
OPTIMIZATION

3.2.1 THE ‘DE-CAPACITY’ AND
TRANSFORMATION OF ENERGY-INTENSIVE
INDUSTRIES

Under the combined actions Ochriodical, structural and
systematic factors, China's excess production capacity
problcm has started to sprcad from traditional industries
to emerging industries. Statistics indicate that in 2014 the
average utilization rate of industrial productivc capacity
was only 75%, the lowest level since 2009; the capacity
utilization rates for crude steel, cement and coke pro-

8 The marketing price of common glass is less than 10 RMB/ma, while that of
glass ceramics is up to 280 RMB/ma.

duction were 70% or even lower. In addition to serious
excess capacity in traditional industries, in recent years
some emerging industries, such as solar PV and LED, are
also incrcasingly facing excess capacity issues, which will
incvitably result in decreases in proﬁt rates for industries
and enterprises, while low-level price competition will
cause a decline in the overall benefits of industrial deve-
lopmcnt.

In fact, the excess capacity problem in China is a ‘struc-
tural issue’, namely the excess productive capacity of
low-quality products, with supply far exceeding market
demand (see Figure 3-16). On the other hand, the mar-
ket increasingly demands for high-quality and high va-
lue-added products, which are in seriously short supply.
Therefore, China has to rely on imports to meet market
demand. For example, China's steel production accounts
for nearly half of the world total, but the Chinese steel
industry mainly produces low-quality products. Due to
excess competition, the profit margin of these ordina-
ry steel products is very small. In contrast, high value-
added steel products enjoy high selling prices and profits.
However, for technical reasons, the domestic production
of high value-added steel products is very small, therefore
China has to import such products from Japan and Ger-
many at high prices.

The primary tasks with which energy-intensive industries
will be confronted in the future include ‘de-capacity’ and
transformation. ‘De-capacity’ is a painful process that in-
dustries and enterprises have to undergo to eliminate the
excessive capacity. The low-quality and low value-added
production capacities have to be eliminated in order to
make capital, labor and land available for enterprise deve-
lopment. Meanwhile, to remove the market gaps caused
by structural surpluses and shortages, enterprises will
have to attach greater importance to investment in R&D
and analysis of market demand, expand their product
mixes towards the high end of the industry chain and
both ends of the ‘Smile Curve’, and adjust and upgrade
their product structure in response to market changes.

3.2.2 INDUSTRIAL ‘ECO-LINK’
DEVELOPMENT MODE

Apart from promoting advanced energy-cfficiency tech-
nologies, developed countries are also making efforts
to explore the social outreach effects of industrial en-
terprises, open up the physical boundaries of industrial
plants, and establish ‘eco-links’ with different sectors and
ficlds within the whole of society. One concrete measure
is recovering the residual heat, residual pressure and ex-
cess materials generated in the production processes of
industrial enterprises and using them in the houschold
living and commerecial fields, thus achieving the savings
of energy and resources at a greater, broader and higher
level.
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FIGURE 3-16. The capacity utilization rates of major energy-intensive industries (2014, %)
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If the boundaries of industrial enterprises can be opened
up and an industrial ‘eco-link’ established in accordance
with the characteristics of the participants, the indus-
trial energy efficiency improvement will develop from
individual enterprise's optimum effect to society's overall
optimal effect, genuinely achieving the ‘best use of eve-
rything’. As shown in Figure 3-17, in the entire social ‘eco-
link’ system, large quantities of low-temperature waste
heat generated by steel enterprises in the production pro-
cess can be used for the space heating of nearby residen-
tial and commercial buildings, while coke-oven gas is an
ideal raw material for nearby chemical enterprises. Many
waste materials and wastes generated in paper-making
and the chemical industries can be used in agriculture.
The social outreach effects of cement factories are signifi-
cant, since the wastes generated by such sectors as power
generation, steel, coal and chemical engineering can be
used for the production of cement. On the other hand,
cement kilns can be used to treat municipal wastes and
sludge; hence the industrial eco-link development mode
is superior to traditional processing methods such as
waste incineration in terms of cost benefits and environ-
mental effects. Since this mode of development for city
and industry integration and construction of the compo-
site factory can not only improve the efficiency of energy
utilization and the economic efficiency of products in a
broad sense, but also address such problems of urban de-
velopment as garbage and sewage treatment to a conside-
rable extent, there will be more space for its development
in the future.

Technical principle. The technical principle for using ce-
ment kilns to co-process combustible waste is not com-
plex. After garbage preprocessing, the waste is sorted or
the heat gcncratcd by different types of garbagc incine-
rator (including gasifiers) is used and the combustible

42 | CHINAENERGY EFFICIENCY SERIES

wastes are sent to the decomposition furnace for com-
bustion; the combustible wastes can replace some fuel
consumption. The advantages of this method are that,
due to the high temperature, alkaline environment, high
thermal intensity and long duration of combustion in a
cement rotary kiln, using the cement kiln to co-process
domestic garbage can avoid the generation of dioxin. In
addition, the incineration ashes to be used as feed-pro-
portioning materials enter the cement clinker through
calcination, or else are used as blending materials mixed
into the cement product. By using cement kilns for the
incineration of urban domestic garbage and the co-pro-
cessing of hazardous wastes, it is feasible not only to
make full use of the heat value of garbage to replace coal
combustion, but also to address the problem of garbage
disposal. For the future, this technology will be an impor-
tant direction in the transformation and development of
cement enterprises.

Energy-saving effect. As comparcd with other methods
for processing wastes, the use of cement kilns for co-pro-
cessing domestic garbagc and different kinds of waste has
advantagcs in terms of energy-saving, environmental pro-
tection and economic cfﬁcicncy. Rough calculations show
that if a new or existing cement production line is used
for co-processing garbagc7 investment in this solution is
lower than investment in building new waste incineration
power plants at the same waste processing scale. Further-
more, domestic garbagc can rcplacc some of the raw ma-
terials and fuels used in cement production. For cxamplc,
Anhui Conch Cement Company located in Tongling has
built a 5000t/d cement clinker production line based on
garbage combustion. With a daily capacity of burning 300
- 600 tons of garbagc, this cement clinker production line
can save 13500 - 27000 tce of energy use annually (the exact
quantity dcpcnds on the heat value of garbagc).



FIGURE 3-17. Industrial ‘ecological linkage’ development mode
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Technical economy. Since different garbagc—combustion
based cement production lines have their own features
and the garbagc can also vary, their investment requi-
rements and economic returns are also different. One
cxamplc is the Tongling Conch Cement. This project is
based on the dry—proccss cement clinker production line
of Tongling Conch Cement Company, which has a daily
cement production capacity of 5000 tons; it has a daily
garbage processing capacity of 6oo tons and an annual
processing capacity ofup to 0.2 million tons. This project
was started in October 2008 and was officially completed
and put into service in 2010, with a total project invest-
ment of RMB 160 million. The total cost ofproccssing a
ton of garbage is RMB 200, and the enterprise can obtain
allowances worth RMB 190 from the local government
for the combustion of cach tone of garbage. Based on a
daily garbagc-proccssing capacity of 300 tons, this pro-
ject can save 13500 tce of energy comsuption annually.
Another example is the Jiangsu Liyang Tianshan Cement
Plant. The Liyang Domestic Garbagc-Proccssing Project
can process 450 tons of urban domestic garbage daily and
has an annual processing capacity 0f164,300 tons. Sinoma
International Engineering Co., Led and Xinjiang Tians-
han Cement Co., Ltd are joint investors of this project.
For this project, the investment in garbage—proccssing ca-
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pacity is 636.51 RMB/ton; the electricity consumption for
the processing is 29.91kwh/ton; the unit cost of garbagc
processing is 74.04 RMB/ton; and this project can save 3
hectares of land for waste landfilling each year.

Prospect of promotion. Compared with the other ways of
waste disposal, using cement kiln co-processing to com-
bust domestic waste has advantages in terms of energy
efficiency, environmental protection and economic re-
turns. It can partially rcplacc the fuel and raw materials
required for cement production, reduce the consumption
of natural mineral resources, help the low-carbon deve-
lopment of the cement industry, and save the land use for
garbage disposal and land filling. Therefore, using cement
kilns for the co-processing of domestic garbage and va-
rious wastes is an internationally accepted approach for
garbage disposal. At present, the penetration rate of the
cement kiln co-processing of domestic waste is only 1%,
but it is expected to reach 10% by 2020, 25% by 2030 and
45% or above by 2050.

3.2.3 EMERGING DISRUPTIVE
TECHNOLOGIES

At present, the whole world is planning a new industrial
revolution based on artificial intelligence, digitization
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and nctworking. Disruptive tcchnologics rcprcscntcd
by 3D printing, industrial robots and cloud computing
will not only changc the modes of industrial production
and the forms of industrial organization, but also create
industrial sectors with signiﬁcant opportunities for im-
proving the cfficicncy of energy and resource utilization.

Driven by revolutionary technical breakthroughs in such
fields as the Internet, information communication and
transfer, and intc]]igcnt control, information network
tcchnology and traditional manufacturing industries
have achieved murtual penetration and in-dcpth fusion.
The changcs in production modes, including material
additive manuf‘acturing and digitizcd embedded pro-
duction, will producc active influences on industrial sec-
tors for improving product qua]ity and rcducing energy
consumption. On the one hand, intelligent and refined
industrial production grcatly save the consumption of
energy and raw materials and improve the utilization
cfhcicncy of energy. For cxamplc7 the ‘material additive
manufacturing’ mode represented by 3D printers can re-
duce raw material consumption by 80% and even realize
Zero waste production. Cybcr—physica] systems (CPS)
can change the production environment in real time and
achieve the optima] matching of conditions such as tem-
perature, humidity and pressure in industrial processes.
On the other hand, the most important function of the
new industrial revolution is to realize the large-scale pro-
duction of individualized products. ‘Pcrsonally tailored’
products will replace mass products manufactured on
streamline. This means that the competitiveness and
added values of end products will be substantially impro-
ved, while significant increases in economic efficiency in
energy utilization will also be achieved.

In 2015, the Chinese government issued ‘Made in China
2025, which specified the dominant position of industry
in the nation’s future economy and established a vision
for industrial transformation and development and for
adapting to and leading the world’s new industrial re-
volution. In order to achieve transformation and deve-
lopment and further improve energy efficiency, China's
industrial sectors are expected to make full use of the
technological dividends released from the Internet, big
data and cyber physical systems. With the support of
new technologies such as information, communication
and intelligent control, China's industrial sectors should
pursue fundamental transformations in industrial pro-
duction modes and organizational forms, realize the
transition from local single-point processes to systematic
optimization to entire process flows, and ‘leapfrog’ deve-
lopment. By applying precision control and automation
technologies, China's industrial sectors will promote the
standardized and procedure-based management of pro-
duction processes, improve production quality, reduce
defect rates, and thus reduce the waste of raw materials
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and energy sources. Through system integration and the
dcvclopmcnt of embedded software, China's industrial
sectors will optimize the production links or manage-
ment modes of enterprises, realize the automation and
integration of dcsign and production, shorten the pro-
cess flows and improve production cfﬁcicncy. Accordin-
gly, the cfficicncy of resource and energy utilization in
relevant industries will be signiﬁcantly improvcd, while
progress with the transformation from traditional indus-
tries to modern, intensive and efficient industries will be
grcatly promotcd.

3.3 ANALYSIS OF THE ENERGY-
SAVING POTENTIAL OF HIOS

Under the Reference Scenario, in 2050, industrial final
energy consumption will exceed 2.6 Gtce. However, un-
der the Intensified Energy Conservation Scenario, final
energy consumption will be only 1.3 Gtee, 15% lower than
the level OF].S Gtce recorded in 2010. The industrial sec-
tors will reach leading global levels in terms of energy and
resource efficiency, intelligent manufacturing and pollu-
tant disposa] capacity. As shown in Figure 3-18, among
the ‘high impact opportunities for energy efficiency’ in
the industrial sector, four are technology-based opportu-
nities, namcly waste heat recovery, advanced combustion/
calcination, high-cf‘hcicncy and cnvironmcnta”y Fricndly
boilers and process-route optimization, will have combi-
ned energy-saving potcntia] of58o Mtce. Three HIOs are
structure-based opportunities, namcly dc-cnpacity and
transformation dcvclopmcnt, industrial eco-link and the
application ofdisruptivc tcchnologics7 will have a combi-
ned energy-saving potcntia]s 0F490 Mtce. In conclusion,
in the future implementation of energy saving actions,
the industrial sectors should attach cqual importance
to both technology-based and structure-based energy-
saving opportunities. While promoting advanced tech-
nologies and equipment to improve energy cfficicncy,
the industrial sectors should also devote more efforts to
industrial structure adjustmcnt and product structure
optimization, as well as to improvement in production
processes and modes of industrial development, so as to
improve social benefits.

3.4 POLICY
RECOMMENDATIONS

Alchough many energy-efficiency technologies have good
investment returns, they have failed to receive enough at-
tention or to achieve the anticipatcd penetration rates.
The penetration rates of advanced energy-efficiency
technologies are still plagued by the obstacles of systems
and mechanisms, in addition to asymmetric informa-



Introduction

Topic: energy demand reduction through material effi-
ciency improvement

Company: General Electric (GE Aviation and GE Heal-
thcare)

Region: United States

Sector: m:mufacturing

Year: 2014

Summary.

3D printing or additive manufacturing is the manufactu-
ring of an object by adding ulerathin layers of materials.
Currcntly it is in the transition stage, moving from rapid
prototyping to high—va]uc manuf‘acturing. In particu-
lar, the acrospace and medical implants industries have

Benefits

tion of material needs

- Energy savings: 75-98% encrgy savings

Challenges

- Achieving cost-effectiveness and economies of scale.
- Ensure product resilience

« Meet quality and safety standards

. Protect inte]]cctua] pl’OpCl‘ty rights

BOX 1. Material additive manufacturing: 3D printing technology

Left: Loading metal foil to an additive manufacturing welding machine (source: Fabrisonic)
8 ; g 8 8

Right: Prototypes of brackets for airplane engines (source: MIT Tech Review)

« Material savings: -500 kg of potential reduction in weight of a single aircraft engine; possibly up to 90% in reduc-
gs: -500 kg ol p g g gmne; p y up to 9

- Co-Benefits: reduced time in manufacturing and increased flexibilicy

shown strong growth in adopting 3D printing techno;
logies. .

General Electric (GE) has established a full-scale ad-
ditive manufacturing facility in Cincinnati, Ohio,
United States. Overall, more than 300 3D printing ma-
chines have been deployed in GE's facilities. GE Avia-
tion is cxploring the use of 3D printing on titanium,
aluminum, and nickel-chromium alloys. It plans to use
3D—printcd fuel nozzles on its newest aircraft engine
(the CFM LEAP cngine) by 2016. By 2020, GE Avia-
tion is Cxpectcd to manufacture 100,000 additive parts
through 3D printing. In addition, GE Healthcare is
manufacturing 3D-printed ultrasound transducers and

probes for use in ultrasound machines.

tion, high technical thresholds and the reluctance among
enterprises to accept new technologies. Therefore, ad-
dressing such problems through innovative and market-
oriented policy measures is urgcntly needed.

3.41WIDEN THE CHANNELS FOR
ENTERPRISES TO ACQUIRE INFORMATION
AND EXAMPLES OF THE APPLICATION OF
ENERGY-EFFICIENCY TECHNOLOGIES

With the in-depth promotion of energy efficiency, general
energy-efficiency technologies have basically been satura-
ted and the ‘low-hanging fruit’ are gathered. In the future,
enterprises will face increasing difficulties in carrying out
energy-efficiency actions, and there will be higher requi-
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FIGURE 3-18. Potential assessment of major energy efficiency opportunities by 2050
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rements for talent, technologies and information. In re-
cent years, the Chinese government has implemented a
series ofpolicy measures to support enterprises in energy
eﬁ‘iciency improvement, including publishing a catalogue
of energy-eﬁiciency teclmologies, educating energy ma-
nagement talent for enterprises, implementing energy-
eﬁiciency benchmarking actions and promoting energy
management systems, which have all played a certain role
in promoting energy eﬁiciency in industrial enterprises.
However, given the increasing difficulties associated with
energy eHiciency improvement, the existing policy mea-
sures are gradually losing their effects and even becoming
disconnected from the demands ofenterprises.

Recommendation: improve policies for energy efficien-
cy-related information services. Organize comprehensive
assessment on the efficiency and energy-efficiency bench-
marking actions, regularly amend and update the cata-
logue of energy-efficiency technologies, encourage and
support enterprises in carrying out energy audits, and
actively push forward the evaluation and certification of
energy management systems. Promote energy manager
systems. Mobilize industry associations, colleges, univer-
sities and scientific research institutions to train specia-
lized talents for energy management for different indus-
tries and at different levels. Implement energy-efficiency
top-runner actions and define best energy-efficiency
practices. Regularly choose the best enterprise in terms
of energy efficiency from the major products and ener-
gy-intensive industries as the top runner, and set up a
long-term mechanism for improving energy efficiency by
establishing benchmarks for energy efficiency improve-
ment, complete compliance measures and improving en-
ergy-efficiency standards. Encourage the relevant parties
to establish energy-efficiency credit-evaluation systems,
energy-efficiency cooperation networks and information
exchange platform. Create platforms for ‘public com-
ments’ and ‘Alipay’ to establish market-oriented evalua-
tion systems for energy-efficiency equipment manufac-
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turers, energ T—Cli'iciency service companies, energy-using
enterprises and relevant market service agencies, perfect
the energy—eiiiciency information exchange mechanism,
and regularly publish information on the applications of
advanced energy-eﬁiciency teclmologies both abroad and
at home among enterprises engaged in similar business
activities or of the same industry.

3.4.2 COMPLETE THE ENERGY-EFFICIENCY
STANDARD SYSTEM RELATED TO
PRODUCTION PROCESSES, TECHNOLOGIES
AND EQUIPMENT

After over ten years of efforts in energy-efficiency im-
provement, China's industrial energy efficiency has been
substantially improved, but the potential tapping also
creates pressures and challenges to the continuous de-
velopment of energy efficiency in the future. With the
high penetration of routine energy-efficiency technolo-
gies and equipment, the energy-efficiency programs of
enterprises have gradually stepped into a ‘deep water
area’. Advanced production processes, efficient technolo-
gies and equipment generally involve higher application
thresholds and major uncertainties. In addition, enter-
prises have lowered their ambitions to achieve further
energy efficiencies due to the falls in energy prices and
difficult market sicuations the ‘new normal’ of economic
circumstances. Therefore, in addition to promote energy
efficiency through information publicity and introduc-
tion of examples, it is also necessary to adopt a standard
mode to encourage, guide and force enterprises to intro-
duce advanced and efficient production processes, tech-
nologies and equipment.

Suggestion: Assess the actual progress made by industries
and enterprises in energy efficiency improvement and ti-
mely update and revise the energy—efficiency standards
for energy-intensive products. Properly improve the
minimum requirements for energy-efficiency scandards,



raise the energy cfﬁcicncy threshold for new energy-in-
tensive projects to ensure energy cfﬁcicncy, environmen-
tal protection and safcty. In accordance with the physi—
cal conditions of industrial energy cff‘lcicncy, improve
the advanced value of cncrgy—cfﬁcicncy minimum stan-
dards and use them as an important basis for sclccting
the ‘top runner of energy cfﬁcicncy7 and demonstration
enterprises for energy cfﬁcicncy. Gradually improve the
standards for the construction and dcsign of enterprises
in energy-intensive industries. In accordance with the
production characteristics of different industries, study
the application domains, range of advanced production
processes and high—cfﬁcicncy cnvironmcntally fricndly
equipment. In combination with actual cases, gradually
incorporate them into the standard system of factory
dcsign. Normalize the market order and complctc the
technical standards for the production of energy cfhi-
ciency equipment. For innovative and disruptivc techni-
cal equipment, technical standards should be adoptcd to
ensure the ‘lower limits’ of its energy cfﬁcicncy, qu:llity
and security.

3.4.3 REMOVE THE SYSTEM AND
MECHANISM BARRIERS ACROSS
DEPARTMENTS AND INDUSTRIES

The experiences of dcvclopcd countries indicate that fu-
ture industrial enterprises will not only act as the ma-
nufacturers of industrial products but also as composite
and socialized enterprises. Taking into account the social
benefits of industrial enterprises is not only an important
aspect of achicving energy cfﬁcicncy in the whole of so-
ciety, it also providcs another ‘rich ore’ for Chinese ener-
gy cﬂ]cicncy in the future. However, bcing restricted by
the existing fragmcntcd administration system, many en-
crgy—cfﬁcicncy measures across dcpartmcnts, industries
and even enterprises are proving difficult to implcmcnt.

Suggestion: strengthen organizational leadership and
establish coordination mechanisms across dcpartmcnts
and industries. China should further establish the system
for the recovery of waste resources, establish lcadcrship
and coordination mechanisms, make clear who the spe-
cialized agencies and staff are, establish the dcpartmcnta]
coordination mechanism, and make clear rcsponsibilitics
in creating joint workforces. Establish and perfect the re-
levant standard system for the dcvc]opmcnt of venous
industries. Speed up the establishment of relevant stan-
dards for the recovery of industrial wastes, reclamation
of wastes and pollutant emissions, and perfect the pro-
duct standards for energy cfﬁcicncy, water conservation
and the comprehensive utilization of resources. Establish
a consulting service system to strcngthcn technical ins-
tructions rcgarding the cyclic utilization of resources
and energy. Mobilize experts in the relevant fields from
industry associations, collcgcs, universities and scienti-

fic research institutions to make and draw up compre-
hensive evaluations, instructions, training regimes and
consultations for major allocations of productivc forces,
the dcsign of industrial parks and actual production
links between enterprises. Complctc the construction
of infrastructural facilities that are favorable to the op-
timal utilization of resources and energy. Devote more
efforts to the construction of logistical transportation
pipe networks related to the recovery of wastes and the
cascaded utilization of energy.

3.4.4 ESTABLISH AN INSTITUTIONAL
ENVIRONMENT FAVORABLE TO THE
OPTIMIZATION AND UPGRADING
OF INDUSTRIAL STRUCTURES AND
THE IMPROVEMENT OF INDUSTRIAL
COMPETITIVENESS

Optimizing and upgrading the industrial structure and
rebuild competitive industrial advantagcs are fundamen-
tal ways of improving the energy production capacity of
industrial sectors and are of great significancc in making
improvements to the energy cfﬁcicncy of industrial sec-
tors. In addition, and in response to the rises in labor
costs and resource and environmental costs, as well as
increases in international competition, these two mea-
sures are inevitable candidates for rcadjustmcnt to the
industrialization mode. This is a major proposal rclating
to whether China can carve out a new road to industria-
lization by taking into account spccd7 quality7 scale and
benefits.

Suggestion: establish market-oriented pricing mecha-
nisms for production factors in order to guidc energy-in-
tensive industries to ‘dc—capacity’ in a market-based way.
Gradually remove the administrative measures whereby
the government intervenes dircctly or indircctly in the
configuration of factors of production such as land and
energy resources, allow the relationship between market
supply and demand and the competitive mechanism to
determine the prices of factors of production, and in
turn eliminate backward capacities. Reduce unnecessary
government rcgu]ations, carry out ‘ncgativc list’ mana-
gement, and exploit the investment channels for social
capital. Adopt public-private partnerships to guide social
capital to enter the fields of public services and infras-
tructure construction, and guidc social capital to enter
such fields as finance, insurance, medical treatment and
education. Encourage R&D and the protection of intel-
lectual property. Support the construction of a founda-
tional scientific research capacity, continue to carry out
key scientific and technological projects, establish an
intcgratcd platform for ‘rcscarching—lcarning—producing’,
and strengthen the protection of intellectual property.
Integrate the application of such measures as fiscal subsi-
dies, tax prcfcrcnccs and ﬁnancing guaranties to support
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the dcvclopmcnt of tertiary industries, in particular the
productivc service industry.
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4.1 REVIEW OF
ACHIEVEMENTS AND
POLICIES REGARDING
ENERGY EFFICIENCY
IMPROVEMENTS IN THE
CHINESE BUILDING SECTOR

4.1.1 ENERGY EFFICIENCY IMPROVEMENTS
INTHE BUILDING SECTOR

The building sector is an important energy-consuming
sector in China. In 2013, total energy consumption in the
sector (i.e. commercial energy, exclude biomass energy)
was recorded as 756 Mtce, accounting for about 20% of to-
tal national energy consumption. During 2000-2013, total
energy consumption increased by 2.2 times, indicating a
high growth rate. Meanwhile, the floor area of buildings
is huge and continues rapid growth. In 2013, the natio-
nal stock of buildings recorded a floor area of about 54.5
billion square meters, with floor area of urban residences,
rural residences and public buildings of 205 billion
square meters, 23.8 billion square meters and 9.9 billion
square meters respectively; the floor area of buildings is
growing at an annual speed of nearly 2 billion square me-
ters (THUBERC 2015). However, the energy efficiency
of the Chinese building sector as a whole is relatively
low. Among the urban buildings, only one third are en-
ergy-efficient ones. In addition, requirements in China's
existing standards for energy-efficient buildings are only
equivalent to the standards in European countries twenty
years ago. On the other hand, due to relatively low energy
service levels, the energy consumption per capita and the
energy consumption intensity per square meter of floor
area in the building sector are much lower than the those
of the developed countries.

The energy-efficiency initiative for buildings began in the
late 1980s in China, while the overall strategy for energy
efficiency in buildings have been gradually implemented,
with the priorities starting with the casier items, then the
more difficult items, first urban areas, then rural areas,
first new buildings, then existing buildings, first resi-
dential buildings, then public buildings, and first in the
north of the country (cold and severe cold regions) and
then to the south. Through over thirty years of efforts,
China has conducted a series of programs to improve
the building design standards, laws and regulations, as
well as the organization and administrative systems for
energy efficiency in buildings. Compulsory energy efhi-
ciency standards have been established for new buildings,
government incentives are providcd to carry out energy
conservation retrofits to existing buildings. Various mea-
sures are put in place to encourage the large-scale appli-
cation of renewable energy sources based on buildings,
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the dcvclopmcnt of green buildings, and the penetration
of high-cfﬁcicncy clectrical applianccs, all of which have

QChiCVCd rcmarkablc rcsults.

During the 12th FYP period (2011 - 2015), China launched
a nationwide Green Building Action Programme to open a
new era in the development of energy efficient buildings
and green buildings. To further improve the energy ef-
ﬁcicncy level of new buildings, higher Cnergy—efﬁciency
design standards for buildings have been implemented in
an all-round manner for new urban buildings in all parts
of the country. Great efforts have been devoted to the
development of green buildings, so that the total floor
area ofbuildings with a green building label in the whole
country had reached 415 million square meters as of Au-
gust 2015. China has also developed cight country-level
green ccological urban areas. If the green buildings in
these green ecological urban areas are taken into count,
more than 22.34% of new urban buildings had met the re-
quirements of the green building standard by the end of
2015 (Han et al 2013). China has completed heat metering
and energy conservation retrofits to approximately 960
million square meters of existing residential buildings in
North China where district space heating is compulsory
in urban areas. It has also rolled out the energy efficiency
supervision system for government office buildings and
large-scale public buildings, as well as energy conser-
vation retrofits to public buildings with high energy
consumption. Twelve demonstration projects for energy
conservation retrofits to public buildings have been im-
plemented in major cities, with a total floor area of 44.41
million square meters. Morcover, the government has
launched the large-scale application of renewable energy
based on buildings, and nominated 97 demonstration ci-
ties and 198 demonstration counties for the application
of renewable energy based on buildings. In combination
with rehabilitation of dilapidated housing in rural areas,
China has also carried out pilot demonstration projects
for energy efﬁciency in buildings in rural areas, esta-
blished 842 demonstration pilot counties (county-level
cities and districts) for energy efficiency improvement
among rural housing, and nominated 825,800 rural house-
holds as energy-efficient residences (MOHURD 2015).

Almost 100% of the new urban buildings throughout the
country conform to the compulsory energy-efficiency
standards. During the 12th FYP period (2011-2015), the
residential buildings in the north have generally followed
the standard of ‘energy saving by 65% (Design Standard for
Energy Efficiency of Residential Buildings in Severe Cold and
Cold Zones, |G]26-2010), while some regions like Beijing,
Tianjin, Tangshan in Hebei Province and Urumgi in Xin-
jiang have started to implement a compulsory standard
for ‘energy saving by 75%". For residential buildings in the
hot summer and cold winter zones or the hot summer
and warm winter zones, the revised standard ‘energy sa-



ving by 50% has been implemented, and for public buil-
dings, the standard is ‘energy saving by 50%. However,
since October 1, 2015, the ncwly revised Design Standard
for Energy Efﬁciency ofPublic Buildings has been implcmcn—
ted in an all-round manner, to improve the energy efhi-
ciency of new buildings. By the end of 2014, in the dcsign
and construction phascs of new buildings in urban areas,
the implementation rates of the compulsory energy-efhi-
ciency standards reached 100% and 98.98% respectively.
In the supcr—largc cities, the proportion reached 100%.
China has complctcd 1,017 demonstration buildings fea-
turing low or ultralow energy consumption (MOHURD,
2015). In the first four years during the 12¢th FYP pcriod,
the total floor area of new energy-efficient buildings in
urban areas is cxpcctcd to exceed five billion square me-
ters, meaning that the accumulated area of energy-efhi-
cient buildings in urban areas would exceed ten billion
square meters, accounting for npproximatcly a third of
the stock of urban buildings.

Green buildings are bcing dcvcloped rapidly. Since the
General Office of the State Council issued the Green Buil-
ding Action Programme in January 2013, 28 provinces and
cities in China have issued their on schemes for Green
Building Action in accordance with local circumstances
to make clear the development objective, key tasks and
major measures for local green buildings, and 22 pro-
vinces (autonomous regions and/or municipalitics di-
rectly under the central authority) have publisbcd their
own local evaluation criteria for green buildings. Since
2014, the national requirements for public buildings
such as government oftice buildings7 schools and bospi—
tals have to take the lead in meeting the standards for
green buildings. As of August 2015, a total of 3,605 pro-
jects have been awarded the green building label, with
gross building area up to 415 million square meters, in
which there are 3,407 projects with a green building de-
sign label, 198 projects with a green building operation
label, 1,469 one-star projects, 1,484 two-star projects, 652
three-star projects. The labels cover 1,745 residential buil-
dings7 1,833 public buildings and 27 industrial buildings.
In 2014 alone, 780 projects were awarded a green building
evaluated label, with a total building area of up to 8,762
square meters (MOHURD 2015). At present, except in
Tibet, projects with green building labels can be found in
all provinces (autonomous regions and municipalitics di-
rectly under the central government administration) and
all the prcfccture-lcvcl cities under the administration of
Beijing, Sbangbai, Tianjin, Cliongqing7 Jiangsu, Shannxi,
Hebei, Zhejiang and Shanxi. In all the prefecture-level
cities under the administration of Shandong, Henan, Fu-
jian, Anhui, Inner Mongolia, Jilin and Guangdong, over
50% of the projects are labeled as green buildings.

China exceeded its targets for conducting energy conser-
vation retrofits to existing residential buildings during

the 12th FYP period. With an emphasis on the building
envelope improvement, heat supply metering and heat
balance transformation to pipeline networks, northern
China has activcly implcmcntcd a project called Energy
Conservation and Warm House. During  2011-2014, China
completed heating supply metering and energy conser-
vation retrofits to residential buildings with an accumu-
lated building area of 960 million square meters, thus
more than fulfilling the objective of 400 million square
meters set by the State Council. Heat supply metering
has been also promotcd ina comprchcnsivc manner. At
present, in the north, 116 cities at the prcfecturc level or
above have introduced mctering—bascd heat pricing and
charging mechanisms, accounting for 93% of cities at the
prcfccturc level or above in this region. By the end of
2013, China had increased its floor areas subjcctcd to heat
metering to 991 million square meters (MOHURD 2015).
With windows and doors, external shnding and natural
ventilation as priorities, China has carried out pilot pro-
jects for energy conservation retrofits to the residential
buildings in the hot-summer-and-cold-winter regions, as
well as regions of hot summer and warm winter. By the
end of 2013, retrofit project with a total floor area of up to
1175 million square meters had been completed in these
regions (MOHURD 2014).

Promote the development of green housing in rural areas. Du-
ring the 12th FYP period, governments at all levels have
activcly carried out pilot projects on energy conservation
retrofits to dilapidatcd rural housing and promotcd the
prefabrication of energy-efficiency buildings in rural
areas, thus making new progress in energy Cf‘ﬂciency im-
provement of rural buildings. By the end of 2014, fifteen
provinces (autonomous regions and municipalities di-
rectly under central government administration), inclu-
ding Heilongjiang, Jilin and Liaoning, have carried out
demonstration projects of energy efficient buildings in
combination with the rehabilitation of dilapidatcd rural
housing, nominated 842 demonstration pilot counties
(county-level cities and districts), for building energy
conservation retrofits to rural housing and supported
825,800 farmer houscholds as energy efficiency demons-
tration projects (MOHURD 2015). In the demonstration
projects of energy efficiency for rural housing, fabrica-
ted buildings, the integration of thermal insulation with
building structure, the fabricated Cncrgy—cﬁicient houses
with compound walls in lightweight steel structures and
the structure system of a wall body with EPS cavity mo-
dules have been introduced in batches. Local governments
have started to idcntify typical tecbnological packages
for energy conservation retrofit to rural housing, thus
promoting the development of emerging enterprises to
supply rural energy efficiency materials, energy-efficient
products and fabricated buildings. At present, more than
thirty manufacturers are specialized in improving the en-
ergy efficiency of rural housing throughout the country.
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China has dcvclopcd a supervisory and administrative
system for the energy cfﬁcicncy oi‘public buildings, acti-
Vcly carried out energy conservation retrofits to largc pu-
blic buildings, and started pilot projects for cncrgy—cfﬁ—
cient campuses. During the 12th FYP pcriod, all provinces
and cities have collected data on the energy consump-
tion, energy audits, publishcd information on public
buildings’ energy pcrformancc. The governments calcula-
ted the energy consumption for 213,073 public buildings,
pcrformcd energy audits for 12,976 public buildings, pu-
blished data on the energy pcrformancc for 13,656 buil-
dings, and conducted continuous monitoring of energy
consumption for 7410 buildings (MOHURD 2015). In
addition, 33 provinces and cities have established energy-
cfficicncy monitoring platforms for public buildings. Se-
ven provincial level platforms, including those in Beijing,
Chongqing and Shandong, have been built and passcd
inspection. China has :1ctivcly carried out energy conser-
vation retrofits to largc—scalc public buildings, focusing
on such kcy components ofcncrgy conservation retrofits
as hcating, air—conditioning, ventilation and lighting,.
Through such measures as fiscal subsidies, tax prcfcrcnccs
and incentive policics for contracted energy management
project, the central government has cncouragcd energy
conservation retrofits to be made to public buildings, and
local governments have also launched similar incentive
policics to support such retrofits. Twelve cities, including
Tianjin, Chongqing, Shanghai, Shenzhen, Qingdao, Jinan,
Fuzhou, Xiamen and Xining, have been listed as l(cy can-
didates for energy conservation retrofits to public buil-
dings. China also has started pilot projects to create ener-
gy—cﬂicicnt campuses in more than two hundred collcgcs
and universities. At present, demonstration projects for
energy cfficicncy supervision systems in buildings have
been launched in 256 collcgcs and universities throughout
the country, and projects from ncarly a hundred collcgcs
and universities have passcd acceptance, rcsulting a 13%
saving in clcctricity consumption and 12% saving in water
consumption on average; the savings in energy resource
cxpcnditurc per school is USs 476,000 or RMB 3 million
(MOHURD 2015). the experiences of colleges and uni-
versities in energy cfficicncy are gradu;llly rcplicatcd in
other public agencies. At present, 44 hospitals affiliated
to various ministries have implcrncntcd pilot energy efhi-
ciency projects to build themselves into cncrgy—cfficicnt
hospitals7 and nineteen scientific research institutes have
participatcd in the program for creating cncrgy—cl:ficicnt
institutes. Some state administrative dcpartmcnts have
also launched campaigns for creating cncrgy—cfficicnt of-
fices and carried out comprchcnsivc energy conservation
retrofits to their office buildings, achicving remarkable
effects in energy conservation and emissions reductions,
as well as economic benefits.
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China has also carried out large-scale development of
renewable energy in buildings. During the 12th FYP pe-
riod, by following a strategy of ‘project demonstration,
rcgional demonstration and all-round promotion’, China
activcly promotcd the introduction of renewable energy
in buildings. Supportcd by rcgional demonstrations, this
policy has gradually produccd scale benefits, and signiﬁ—
cant progress has been made in improving tcchnologics,
policics, labor skills and standards. During the 12th FYP
period, China also implemented 398 demonstration pro-
jects for the introduction of solar PV on buildings, 25
provincial—lcvcl Pprojects to promote the introduction of
renewable energy in buildings, 97 demonstration cities,
198 demonstration counties, 6 demonstration districts, 16
demonstration towns and 21 technical R&D and indus-
trialization projects. Eight provinces (rcgions), including
Jiangsu, Ningxia, Qinghai and Xinjiang, were identified
as comprchcnsivc demonstration zones for the introduc-
tion of solar PV on buildings. As of the end of June 2014,
the total area of solar PV installed in buildings in urban
regions had reached 2.7 billion square meters, the toral
floor area of buildings cquippcd with shallow—laycr geo-
thermal energy had reached 400 million square meters,
and the installed capacity of solar PV among the comple-
ted buildings and those under construction had reached
1875 MW (MOHURD 2015). As compared with the levels
recorded in 2010, these figurcs increased rcspcctivcly by
1.22 billion square meters, 173 million square meters and
1024.4 MW, indicating rapid growth in all three aspects.

The energy efficiency of public institutions also has been
improved. In the whole country, China has preliminarily
established an adminiscration system, a legal and regulatory
system, a meter-monitoring and inspection system, a techni-
cal SUPPOTE System, an awareness-raising and training system,
and a market-oriented service system for energy efficiency
improvement in public institutions. Energy conservation
retrofits to the office buildings of public institutions and de-
monstrations of energy cflicicncy in public institutions have
been carried out. In the first four years of the 12th FYP pe-
riod, the state agencies cornplctcd heat metering and energy
conservation retrofits to office buildings with a total area of
2.52 million square meters, while various provinces (regions
and municipalities) carried out energy conservation retrofits
to 82 million square meters of office buildings of public ins-
ticutions, and implemented energy conservation retrofits to
170,000 square meters of data center buildings (NGOA 2015).
The per capita energy consumption and energy consumption
per square meter of public institution buildings have stea-
dily declined. In the first four years of the 12th FYP period,
energy consumption per unit building area of public institu-
tions dropped by 11.05% nationwide and reached a record low
value of 2122 kgce/m” in 2014. The total energy consumption
per capita decreased by 13.92% and reached a record low of
385.11 kgee/person in 2014 (NGOA 2015).



4.1.2 REVIEW OF THE MAIN POLICIES
PROMOTING ENERGY EFFICIENCY IN
BUILDINGS

Strengthen the planning guidance for energy

efficiency in buildings

During the 12th FYP period, the Chinese government is-
sued a series of policies, made plans, specified the govern-
ment agencies and entities responsible implementing the
plans and target tasks, and strengthened the assessment
and inspection of progress with plan implementation,
thus effectively guiding the nationwide work of impro-
ving the energy efficiency of buildings and building green
buildings. During the 12th FYP period, the State Council
issued a series of policy documents (see Table 4-1), in-
cluding the overarch plan for energy conservation and
emission reductions and other specific plans to support
the realization of the overarch plan. Among them, the
12th FYP for Building Energy Efficiency Improvement and the
Green Building Action Program are major policy documents
providing specific guidance for working on energy effi-
ciency in buildings during the 12th FYP period.

The 12¢ch FYP for Building Energy Efﬁcicncy Improvement set
out an overall target of achieving 116 Mtce of energy efhi-
ciency improvement in buildings by the end of the 12th
£YP period. This includes a target of achieving 45 Mtce of
energy efficiency improvement through the development
of green buildings and energy efficiency improvement of
new buildings. Another specific target is to speed up the
reform of the heating supply system, to comprehensively
carry out metered heat-supply charging and promote the
heats metering and energy conservation retrofit to the
existing buildings in the northern heating regions, so as
to achieve energy efficiency of up to 27 Mtce. Another
action area is to strcngthen the energy Cfﬁcicncy super-
vision system for pub]ic buildings and push forward the
management of energy conservation retrofits and opera-
tions, so as to achieve 14 Mtce of energy saving. The final
action area is to promote the intcgrated app]ication of
renewable energy in bui]dings, 5o as to substitute 30 Mtce
of traditional fossil fuel use.

The Green Building Action Program provided a framework
plan for actions to improve energy efficiency in buildings

TABLE 4-1. Policy documents related to building energy efficiency improvement during the 12th Five-year period

POLICIES ISSUED BY ISSUED
The 12th FYP for Energy Conservation and Emission Reductions The State Council Aug., 2012
The Comprehensive Work Plan for Energy Conservation and The State Council Aug., 2011
Emission Reductions during the 12th FYP Period
Green Building Action Program General Office of the State Council Jan., 2013
National Plan for New Urbanization (2014 - 2020) The Central Committee of the March, 2014
Communist Party in China, The State
Council
The 12th Five-year Development Plan for Energy Efficiency and The State Council June, 2012
Environmental Protection Industry
The 12th Five-year Development Plan for National Strategic The State Council July, 2012
Emerging Industries
The Strategic Action Plan for Energy Development (2014-2020)  The State Council Nov., 2014
National Plan for Addressing Climate Change (2014- 2020) The State Council Sept., 2014
Action Program for Energy Conservation, Emission Reduction and ~ General Office of the State Council May, 2014
Low-carbon Development during 2014-2015
The 12th FYP for Building Energy Efficiency Improvement MOHURD May, 2012
The 12th Five-year Development Plan for Green Buildings and MOHURD April, 2013
Green Ecological Urban Areas
Outlines of the 12th FYP for Urban Green Lighting MOHURD Nov., 201
The 12th FYP for Energy Efficiency Improvement in Public National Government Offices Aug., 2011
Institutions Administration.
Action Program for Promoting the Production and Application of Ministry of Industry and Information Aug,, 2015
Green Building Materials Technology, Ministry of Housing and
Urban-Rural Development
Specialized Action Program of Promoting the Science and Ministry of Science and Technology, March, 2014

Technology for Energy Conservation and Emission Reductions

during 2014-2015

Ministry of Industry and Information
Technology
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and to dcvclop green buildings during the 12th FYP pe-
riod and it spccificd the goals, tasks and measures, and
rcquircd that all new buildings should be dcsigncd and
built in strict compliancc with the compulsory energy-
cfficicncy standards. The Program's target is to complctc
new green buildings of up to a billion square meters du-
ring the 12¢th FYP period. By the end of 2015, 20% of new
buildings in urban regions should meet the requirements
of the standards for green buildings. In the meanwhile,
this action program rcqucstcd that government agencies
at all levels to cffcctivcly introduce energy cfficicncy in
new buildings, devote great cfforts to carry out energy
conservation retrofits to existing buildings, carry out re-
trofits to the hcating systems in urban areas, push forward
the largc—scalc application of renewable energy in buil-
dings, strcngthcn the energy cfficicncy management of
public buildings, spccd up research, dcvclopmcnt and
promotion in relation to green building—rclcvant tech-
nologics, cncrgctically dcvclop green building materials,
push forward prcfabricatcd buildings, strictly observe
the management proccdurcs for dcmolishing buildings,
and promote ten kcy tasks, including the conversion of
building wastes into resources, as well as relevant suppor-
ting measures.

Perfect the energy efficiency standards system for
buildings

Since the bcginning of the 12th FYP pcriod, the Chinese
government has issued and implcmcntcd multiplc stan-

dards for energy cfficicncy in buildings and for the eva-
luations of green buildings, as shown in Table 4-2.

In addition, relevant sectors have also prepared the Green
Assessment Standard for Tmnsformation to the Existing Buil-
dings, Assessment Standard for Green Eco-district and Techni-
cal Spcciﬁcation for the Operation and Maintenance of Green
Building. In particular, a comprchcnsivc updatc has been
made to the Design Standard for Energy Eﬂiciency of Public
Buildings, so as to raise the compulsory standards for the
insulation pcrformancc of building enclosures, as well as
the cold/hcating equipment and system.

So far, China has established a national standard system
for energy cfﬁcicncy in buildings which covers different
climatic zones, different building types and different en-
ergy categories, and has prcliminarily established a tech-
nical standard system for green buildings, ranging from
a one-star level to a three-star level. In addition, more
than twenty provinces all over the country have esta-
blished more than a hundred local standards for building
energy cﬁicicncy in accordance with their local condi-
tions. For example, Beijing and Tianjin have established
and implemented a standard of ‘energy saving by 75%
for new buildings; Hebei and Heilongjiang have issued
standard specifications for the design and evaluation of
green buildings with ultra-low energy consumption; and
Hebei Province has issued a Standard for Energy Efficiency
of Passive Low Energy Consumption Residential Buildings (ta-
king effect from May 1, 2015), which is not only the first
Chinese standard for passive buildings, but also the se-
cond such standard in the world after Sweden issued the
Specification for Passive Low Energy Residential Buildings,
creating a new milestone in the Chinese history of passive
building development.

TABLE 4-2. Sstandards for energy efficiency in buildings issued during the 12th FYP period

NAME OF STANDARD NUMBER OF STANDARD COMING INTO
FORCE
Design Standard for Energy Efficiency of Residential Buildings in Hot JGJ75-2012 April1,2012
Summer and Warm Winter Zone
Design Standard for Energy Efficiency of Rural Residential Buildings, GB/T50824-2013 May 1,2013
Standard for Energy Efficient Building Assessment GB/T50668-20M May 1,2012

Evaluation Standard for Urban Green Lighting Energy Efficiency

JGJ/T307-2013 February 1,2014

Assessment Standard for Green Buildings

GB/T50378-2014 January 1, 2015

Evaluation Standard for Green Industrial Buildings

GB/T50878-2013 March 1, 2014

Evaluation Standard for Green Office Buildings GB/T50908-2013 May 1,2014
Evaluation System for Green Hospital Buildings CSUS/GBC2-20M July, 2011
Evaluation System for Green Campus CSUS/GBC04-2013 April1,2013

Code for Green Design of Civil Buildings

JGJ/T229-2010 October 1,201

Evaluation Standard for Green Construction of Buildings, Technical

Guideline for Green Affordable Housing (Trial)

GB/T50640-2010 October 1, 2011

General Technical Rules for Measurement and Verification of Energy

Saving Amount

GB/T28750-2012 January 1,2013

Design Standard for Energy Efficiency of Public Buildings

GB50189-2015 October 1, 2015
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Implement economic incentive policies

Fiscal subsidy. During the 12th FYP period, the central
government provided financial subsidies for key cities
and higher institutions of learning to introduce energy
conservation retrofits to public buildings. The subsidy
standard was fixed at 3.2 USs/m” (20 RMB/nr’) in prin-
ciple and took into account such relevant factors as the
workload of energy conservation retrofits, their contents
and effects. To promote heat metering and energy conser-
vation retrofit projects to existing residential buildings in
the northern heating regions, during 2011-2014, the incen-
tives provided by central government remained the same
levels as those fixed in 2010, namely 8.7 USs/m?” (55 RMB/
m?*) for severe cold zones and 7.1 USs/m* (45 RMB/m?)
for cold regions. After 2014, these standards were lowered
moclerately in accordance with particular circumstances.
According to the Tentative Measures for the Management
of the Financial Incentive Fund for Contract Energy Mana-
gement jointly printed and issued by the Ministry of Fi-
nance and the NDRC in June 2010, the financial incentive
should be provided as a one-off award to the contract en-
ergy-management project based on the levels of annual
energy saving s and specified standards, with the award
funding jointly contributed by the central government
and provincial governments. The subsidy from the cen-
tral government budget is 38 USs/tce (240 RMB/tce), and
that from the provincial government budget shoud be at
least 9.5 USs/tce (60 RMB/tce). In addition, local govern-
ments, where the actual economic conditions allow, were
encouraged to raise the incentive standard moderately
based on local circumstances. In 2012, the MoF and the
MOHURD jointly issued a Notice on Improving the Policies
on the Application of Renewable Energy in Buildings as Well
as Regulating the Fund Allocation and Administration. To
support the provincial-level demonstration projects for
the introduction of renewable energy in buildings, MoF
transferred a partial subsidy fund to provincial finance
and the provincial authority on housing and urban-ru-
ral development for unified planning and administration
coordination. However, since May 2015, the original fi-
nancial incentives for energy conservation retrofits and
contract energy management and the subsidy for energy
conservation retrofits to existing buildings in the hot
summer and cold winter zones have been abolished.

Tax preferences. The preferential taxation policies for
energy efficiency in buildings mainly covers preferential
corporate income tax, preferential value-added tax and
preferential business tax. The current Corporate Income
Tax Law provides some preferential policies For enter-
prises and projects that adopt environmental protection
equipment, make comprehensive utilization of resources
and engage in projects for environmental protection, en-
ergy efficiency and/or water savings. For specific building
materials, if the waste residues blended in the raw mate-

rials is 30% or above, VAT is cxcmptcd. For VAT realized
by sclling partinl new wall building materials, a rcfunding
of 50% of VAT upon collection is offered. For clay solid
bricks and/or clay tiles manufactured by a gcncral VAT
taxpayer, VAT should be levied nccording to the appli—
cable tax rate, but the VAT shall not be calculated by
using the simplc calculation method. For the purposes of
sclling one’s own gravcl aggregates combined with buil-
ding (structure) waste and gangue as raw materials, VAT
is cxcmptcd7 providcd the proportion of building (struc-
ture) waste and gangue in the raw materials for produc-
tion may not be less than 90%. The preferential sales tax
is mainly applicablc to the contract energy management
project. In December 2010, the Chinese government
issued a Notice on the Value Added Tax, Business Tax and
Corporate Income Tax Policies for Promoting the Dcvelopmcnr
of Energy Efﬁciency Service Indusrry. The Notice stipula—
ted that, if an energy cﬂicicncy service company realizes
some taxable income from implcmcnting a contract ener-
gy management project, it will be tcmporarily cxcmptcd
from paying business tax. If an energy cﬂicicncy service
company meeting the conditions implcmcnts a contract
energy management project, it may qualify for the arran-
gement whereby ‘corporate income tax on energy effi-
ciency projects is cxcmptcd for the first three years and
levied at 50% in the next three years’. In 2013, the Public
Notice on Collection Management Issues Relating to Prcfcrcn—
tial Corporate Income Tax Policies on Contract Energy Mana-
gement Projects Implcmcnted by Energy Efﬁcicncy Service En-
terprises was issued to further improve the opcrability of
preferential tax policies on contract energy management.

Preferential financial policy. In 2012, the China Banking
Regulatory Commission (CBRC) issued the Guidelines
for Green Credit to supervise and urge banks and finan-
cial institutions to give more loans to such green pro-
jects as energy conservation and emissions reductions
from the strategic perspective. In 2013, CBRC released
the Opinions on Green Credit Work to further promote the
development of green credit. CBRC took the lead in es-
tablishing a statistical system for green credit to include
projects for energy efficiency improvement in buildings
and green building development in the twelve categories
of energy efficiency and environmental protection pro-
jects and services, thus improving the examination and
evaluation system for green credit. In the Guidelines for
Energy Efficiency Credit (Revised)’; CBRC clearly listed en-
ergy cfﬁciency improvement in buildings asa key field to
be supported by energy efficiency credits and requested
banks and financial institutions to give more credit aid to
green building projects that comply with the Green Buil-
ding Action Program.

Pricing policy. In 2011, China started to pilot a tiered
pricing policy for residential electricity, divided the
monthly electricity consumption of houscholds into
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three levels, increased the free level for low-income fa-
milies, and started to cbargc highcr rates for residential
power consumption cxcccding local standards to discou-
rage wasteful use and ensure meeting a basic demand for
power consumption by houscholds. In 2013, the Chinese
government also issued a Notice on Improving the Tiered
Pricing System for Household Electricity Use, requesting
the all-round promotion of a pcak-vallcy clcctricity pri-
cing system for residential clcctricity consumption. All
regions were requircd to set up and start to implcmcnt
pcak—vallcy Clcctricity pricing system for residential elec-
tricity consumption latest by the end of’ 2015 and the elec-
tricity prices shall be differentiated for houscholds with
levels of clcctricity consumptions. In regions where such
systems have been introduced, the system had to be re-
gulatcd and pcrfcctcd ina timcly manner in accordance
with the implcmcntation conditions and the changcs in
the electric power load.

4.2 PROSPECTS FOR ENERGY
CONSUMPTION IN THE
BUILDING SECTOR

4.21 METHODOLOGY

In this Study on the energy consumptions of the building
sector, the focus is on urban residential buildings, rural
residential buildings and public buildings. The research
team adopts the Scenario approach to idcntify the fac-
tors driving changcs to the energy consumption of buil-
dings and to project changcs in the energy consumption
of the building sector in the future. In the process of
scenario analysis, the team combines qualitativc analysis
and quantitative analysis, top-down and bottom-up ap-
proachcs, and domestic and international comparison,
to conduct research into the energy consumption of the
building sectors in different climatic zones and with dif-

ferent building types.

FIGURE 4-1. Structural diagram of the building energy demand module of LEAP model
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The process includes two stages, scenario setting and sce-
nario calculation. At the scenario-setting stage, in light
of the current economic and social situation in China
and the dcvclopmcnt trend in the future in combination
with expert prcdictions of future industrial dcvclop—
ments, the team first made some assumptions on future
Macroeconomic parameters, including GDP, population,
urbanization rates and building area per capita etc. on
the amount oi‘building activity. Sccondly, the team made
some estimates on the changcs to load intensity, techni-
cal equipment cfficicncy and technical proportions regar-
ding the intensity of building activity. Different activity
and activity intensity levels result in different energy
consumption projections. It is crucial to make reasonable
judgmcnts on the activity amount and activity intensity.
In gcncral, comprchcnsivc assessment must be made re-
garding historical data, dcvclopmcnt trends, and interna-
tional comparisons and based on the expert judgcmcnt.
In the scenario calculation, models and tools of quantita-
tive analysis are used to input the parameters for scenario
setring, and the parameters in the base year are checked
according to the energy balance sheet. Model calcula-
tions can only be made upon the complction of checks,
followed by analysis of the results. Meanwhile, if needed,
it is feasible to adjust the input parameters to analyzc and
compare the influences of different factors on the results.

In this research, the energy demand analysis module of
the LEAP model is used for quantitative analysis. The
LEAP model is an energy-environment model developed
by the Boston/Dallas branch of the Stockholm Environ-
ment Research Insticute (SEI). Over the past three de-
cades, more than 1000 organizations from more than 190
countries have adoptcd the LEAP model to carry out na-
tional and/or regional energy strategy research projects
and evaluation research on GHG emissions reductions.

Ranging from building types to types of final energy
consumption equipment and technologies, the structure
of the LEAP model is divided into six laycrs. By calcu-
lating layer upon layer, accumulation and addition, the
total energy consumption of the building sector can be
obtained, as shown in Figure 4-1.

In this model, civilian buildings all over the country are
first divided into two major categories, namely residenti-
al buildings and public buildings. Based on their climate
conditions, the country is divided into the northern re-
gion, the transitional region and the southern region. The
northern region includes the cold area and the severe
cold area in the thermal design construction zone and
covers Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia,
Shandong, Henan, Liaoning, Jilin, Heilongjiang, Shaanxi,
Gansu, Qinghai, Ningxia, Xinjiang and Tibet. The tran-
sitional area comprises the hot summer and cold winter
zones and moderate climate zone and consists of Shan-

ghai, Jiangsu, lecjinng, Anhui, Jiangxi, Hubei, Hunan,
Chongging, Sichuan, Guizhou and Yunnan. The southern
region is the hot summer and warm winter zones, inclu-

ding Fujian, Guangdong, Guangxi and Hainan.

In calculating the energy consumption of residential
buildings, given the differences between rural residential
buildings and urban residential buildings in their energy
consumption characteristics, the relevant values are se-
parately calculated and then added up to arrive at the
total energy consumption of residential buildings. In cal-
culating the energy consumption of public buildings, the
public buildings are divided into office buildings, stores,
hospitals, schools, hotels and other types. Both residen-
tial buildings and public buildings are then further di-
vided into existing buildings and new buildings. In this
model, the existing buildings are those built before and in
2010, while new buildings are those built after 2010. The
existing buildings are further divided into three types,
namely non-transformed buildings, the present efficien-
cy buildings (meeting the requirements of the current
design standard for the energy efficiency of buildings),
and the best possible efficiency buildings (in-depth trans-
formed building, technically feasible but not always eco-
nomically feasible). They differ in energy demand load
densities and the non-transformed buildings have the
highest energy intensity. The new buildings are further
divided into the present efficiency buildings (meeting the
requirements of the current design standard for the en-
ergy efficiency of buildings) and buildings with ulcralow
energy consumption (building with technically realizable
ultralow energy consumption), which are different in en-
ergy demand load intensities, that of the present efficien-
cy buildings highcr than that of buildings with ultralow
energy consumption. The rural buildings only include
two types, namely existing rural residential buildings
and buildings with near-zero energy consumption. For
the sake of simplicity, under the Reference scenario (the
benchmark scenario) the existing buildings are divided
into two types, namely non-transformed buildings and
the present efficiency transformed buildings. The new
buildings only refer to the present efficiency buildings,
namely the new buildings that meet the present design
standard for the energy efficiency of buildings. The rural
buildings only include the existing rural residential buil-
dings. The other building types are only applied under
the selected scenario when the in-depth transformation
to the existing buildings, the ultralow energy consump-
tion or near-zero energy consumption of new buildings is
taken into consideration.

In this model, the final energy uses of urban-rural resi-
dential buildings are divided into six categories, namely
heating, cooling, lighting, cooking, domestic hot water
and houschold electrical appliances. The final energy
consumption of public buildings is divided into five ca-
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tegories, namcly bcating, cooling7 domestic hot water,
lighting and equipment. Diversified forms of energy sup-
ply (or energy consumption equipment) may be adoptcd
to meet the same building energy service demand. Howe-
ver, different energy supply may have different fuel types
and energy cl:ficicncy levels, resulting in different energy
consumption levels, which should be distinguishcd.

The final energy demand of the building sector is calcu-
lated based on the following equation. The building floor
area, the final available figure for energy consumption
intensity, the technical proportion and the figure for
equipment efficiency are the major input parameters for
this model. Through calculation and accumulation layer
by layer, this model can finally work out the total energy
demand of the building sector.

ECB= Z{ACBn x zl:f:” x [Z[ntensityw x Sharey , , | Efficiency, , , II}
" 7 x

Wherein:

ECB - The energy consumption of the building sector
k - The energy /technical category

q - The type of final energy consumption

n - Building type

ACB_-‘The building area of building type n

P
ir‘i.building type n

.- The coverage and application extents of final use q

Inl:cnsityq» _~The available energy intensity of final use q

in building type n

Sharek - The proportion of the applications of energy
.qn

consumption equipment/technology k in final energy
consumption item q in building type n

Efficiency kan ™ the energy consumption efficiency of en-
ergy consumption equipment/technology k in final en-
ergy consumption item q in building type n

TABLE 4-3. The macroeconomic parameter assumptions

4.2.2 KEY ASSUMPTIONS

In making predictions of the future final energy demand
of the Chinese building sector by using the LEAP model,
the team set two scenarios, namely a Reference Scenario
and an Intensified Energy-saving Scenario. In the Refe-
rence Scenario, which is also the benchmark scenario,
the relevant policies for building energy conservation
and emissions reductions established prior to 2010 are ex-
pected to be continually implemented, and no major new
policies is expected to be introduced after 2010. The na-
tural progress in energy efficiency technologies for buil-
dings are considered, and but it assumes no major tech-
nical breakthrough prior to 2050. People's requirement
for the comfortable buildings and good building service
levels will be further satisfied through urbanization as
well as economic and social development. The Intensified
Energy-saving Scenario, also called the target scenario
and the scenario that is expected to be achieved, expects
a series of policy measures to be adopted to push forward
the enhanced energy saving and maximum application of
the existing advanced building energy conservation and
emission reduction technologies. In addition to meeting
the higher requirements for comfort levels, the Scenario
aims to significantly reduce the future energy demands
of the building sector and realize its sustainable deve-
lopment. By comparing the projected energy demand in
the two scenarios, it is feasible to evaluate the energy-
efficiency potential of the building sector under the In-
tensified Energy-saving Scenario and identify the major
energy—cﬁiciency opportunities.

The macroeconomic parameters relating to the energy
demand of the building sector are mainly population, ur-
banization rate, GDP, number of persons per household
and the proportion of persons employed in tertiary in-
dustry. The population size and urbanization rate affect
urban and rural population distribution as well as the
urban and rural residential building area; the number of
persons per houschold affects the number of urban and

INDEX UNIT 2010 2020 2030 2040 2050

Population billion 134 14 143 142 137
Urbanization rate % 50 60 68 74 78
Per capita GDP Us$ 4,400 8,700 15,400 23,200 32,200
Size of urban household People 2.88 2.88 2.80 273 2.65
Size of rural household People 3.95 3.66 340 314 2.88
Proportion of employment in % 41.0 472 531 594 65.2

tertiary industry

Note: per capita GDP is the 2010 statistical data; the proportion of employed persons in tertiary industry in 2010 is adjusted
Y y y y

based on the statistical data, but taking into account the migrant workers
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rural households; GDP per capita and number of house-
holds jointly influence possession of houschold electrical
applianccs; and the proportion of cmploycd persons in
the tertiary industry will affect the quantity of cmploycd
persons in such industry as well as the area of public
buildings (see Table 4—3). The macroeconomic parameter
assumptions are the same under the Reference Scenario
and the Intensified Energy-saving Scenario.

The building activity parameters in this model mainly co-
ver building area per capita, the housing vacancy rate and
ownership of electrical appliances per capita. The buil-
ding activity level is mainly related to the stage of econo-
mic and social development. Since the macroeconomic
parameter settings are the same under both scenarios, the
building activity parameter assumptions are the same.
According to data from the China Statistical Yearbook, in
2010 the per capita urban residential building, per capita
rural residential building and the public building area
per cmployee in the tertiary industry were rcspectivcly
26.8 square meters, 31.6 square meters and 38 square me-
ters.” Since the per capita GDP in China will reach USs
30,000 by 2050, approaching the present average level of
European countries, it is assumed that in China in 2050
the per capita urban residential building area will be 46
square meters, the per capita rural residential building
area 46.3 square meters, and the public building area per
employee in tertiary industry 50 square meters. In addi-
tion, on the assumption that in 2010 the national vacancy
rate of urban residential buildings was 15% (in projecting
energy demand, it is assumed that vacant housing has no
energy consumption), it is expected that, with the self-
regulation of the housing market and the guidance of the
relevant policies, the housing vacancy rate will gradually
decrease in the future, drop to 0% in 2025 and remain
unchanged thereafter. For rural residential buildings and
rural public buildings, their vacancy rate will not be ta-
ken into consideration for the time being.

Under the Reference Scenario, because of the continua-
tion of the existing policies, new buildings do not include
buildings with ulcralow energy consumption, existing
buildings do not include in-depth energy conservation
reerofits, and the retrofic rate of existing buildings is
relatively low. Under the Intensified Energy-saving Sce-
nario, a series of policy measures will be adopted to ex-
tensively promote passive buildings (passive houses) with
ultralow energy consumption, while greater efforts will

be devoted to carrying out energy conservation retrofits
to existing buildings. Therefore, among the new buil-
dings, the proportion of ultralow—cncrgy consumption
buildings, the retrofit rate of existing buildings and the
proportion of dccp retrofit projects will increase signifi—
cantly.m Under the Reference Scenario, the proportions
of new urban residential buildings, of ultralow—cnergy
consumption buildings in new public buildings and of
rural near-zero-energy consumption buildings always
remain o; under the Intensified Energy-saving Scenario,
the said three proportions will constantly increase to 60%
by 2050. Under the Reference Scenario, both the urban
residential buildings and the public buildings expect very
low retrofit rates and no deep retrofic. Under the In-
tensified Energy-saving Scenario, the retrofit rates of all
types ofbuildings will quickly increase and reach 75% by
2050; among the retrofitted buildings, the proportion of
buildings under dccp retrofic will gTadually increase and
reach 100% by 2050.

For the types of final energy uses of buildings which dif-
fer in climatic regions, functions and energy conservation
levels (the extent of energy conservation retrofits and the
followed energy efficiency design standards), this model
sets different energy intensities. Under both scenarios,
all the available energy intensity parameters of buildings
are consistent.

According to the energy-efficiency levels, this model di-
vides each energy consumption system or piece of equip-
ment in a building into two types, namely the existing
type and the high efficiency type. The existing type re-
presents the national average energy-efhiciency level of
the system/equipment in the base year, while the high-
efficiency type represents the most advanced energy-
cfficiency level of the system/equipment at present. In
2010, the popularity rate of high-efficiency equipment
was o; in the future, this will increase gradually. Under
the Reference Scenario, due to the lack of effective po-
licies for product promotion, and with the development
of market, the penetration rate of high-efficiency equip-
ment will only reach 40% by 2050. Under the Intensified
Energy-saving Scenario, relevant policy measures will be
adopted to speed up the deployment of high-cfficiency
equipment, so the penetration rate of high-cfficiency
equipment will reach 100% by 2050.

9 Note: According to data from the China Statistical Yearbook, in 2010 the
per capita urban residential building area was 31.6 square meters (exclu-
ding collective households). If such factors as collective houscholds and the
migrant population are taken into account, it is estimated that the per ca-
pita urban residential building area was about 26.8 square meters in 2010.
In 2010, the public building area per employees was calculated according to
the total area of public buildings and the number of persons employed in
tertiary industry.

10 Note: The proportion of ultralow energy consumption buildings is an ac-
cumulated proportion, which represents the accumulated area of ultralow
energy consumption buildings, accounting for the accumulated area of new
lmildings; the r(’troﬁt rate of existing lmildings rcf(’rs to the proportion of
the accumulated area of retrofitted buildings, accounting for the total area
afexisl'ing hui/dings; and the prapartion of dc('p[y rerrnﬁtred lmildings re-
fers to the accumulated area of deeply retroficted buildings, accounting for
the accumulated area of retrofitted buildings.
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4.2.3 ANALYSIS OF THE MODELING RESULTS

According to the modcling results, in the future the fi-
nal energy consumption of buildings in China will show
entirely different development trends under the two sce-
narios (see Figure 4-2). Under the Reference Scenario,
the final energy consumption of buildings will constantly
grow from 550 Mtce in 2010 to 1.48 Gtce in 2050, an in-
crease of 172%, during which there is no pcak value. Un-
der the Intensified Energy-saving Scenario, in 2050 the
final energy consumption of buildings will only be 730
Mtce, representing an increase of 34% against that in 2010.
In 2039, the final energy consumption of buildings will
reach a pcak value of 860 Mtce, 1.6 times that in 2010. It is
observed that, under the Intensified Energy-saving Scena-
rio, in 2050 the final energy consumption of the building
sector will be 51% than under the Reference Scenario,
with an cncrgy—cfﬁcicncy potential of up to 750 Mtce. In
addition, the two scenarios will also see remarkable dif-
ferent dcvclopmcnt trends of direct final CO, emissions
of the building sector. Under the Reference Scenario, the
direct final CO, emissions will first increase, then fall,
reaching a peak in 2031. However, under the Intensified
Energy-saving Scenario, the direct final CO, emissions
will constantly fall after 2015 and decrease to 280 Mt by
2015, representing 26% of the 1,050 Mt recorded in 2010.

Under the Intensified Energy-saving Scenario, various
energy conservation measures will be adoptcd, including
the promotion ofprcfabricatcd buildings, the promotion
of intcgratcd and passive dcsigns, improvements to the
cfﬁcicncy of energy consumption systems and equipment
used in buildings, the dcvclopmcnt of intclligcnt systems
and the clcaning of the final energy consumption of buil-
dings. Different measures have different energy cfficicncy
improvement potcntials. The distribution of cncrgy—cfﬁ—
ciency potcntials in the building sector in China in 2050
is shown in Figure 4-3. The greatest energy cfficicncy im-
provement potcntial is the penetration of intcgratcd and
Ppassive dcsign7 which accounts for 40% of the total en-
crgy—cfﬁcicncy improvement potcntial. The next impor-
tant energy cfficicncy potcntial is improvements to the
cfﬁcicncy of energy consumption systems and equipment
used in buildings, contributing 27% of total energy effi-
ciency improvement potcntial. The optimization of the
final energy consumption mode of building and improve-
ments to the renewable energy utilization ¢ and electrifi-
cation level contribute 20% of the tortal energy cfficicncy
potcntial. The vigorous dcvclopmcnt of such tcchnologics
as intclligcnt control systems and micro-nets contributes
about 9% of the energy cfficicncy improvement potcntial.

The promotion of prcfabricatcd buildings will only di-

FIGURE 4-2. The outlook for final energy consumption and direct CO, emissions in the building sector in China
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60 |

CHINA ENERGY EFFICIENCY SERIES



FIGURE 4-3. The final energy savings potential for the building sector in China in 2050 under the Intensified

Energy-saving Scenario

1600 -
Commercial building
13
'_'"_1 mResidential building
] L__61
1400 —_—— 124
Energy saving
from material
industry 178
1200 -
m 124
S
c
g' 1484 42
3
o
o
>
o
5 L
c
% 600 - PV power in
£ building
'S
400 A
546
200
0 4
2010 Actual Reference scenario Building Integrative and Super efficient Smart system Final energy Intensified energy-
in 2050 prefabrication passive design equipment and consumption saving scenario in
houses appliances cleaning

rectly contribute 4% to the total energy efficiency impro-
vement potential of the building sector in 2050. However,
since building industrialization will improve building
quality, extend the life of buildings, reduce the quantity
of new buildings and cut down the demand for building
materials, this measure can indirectly reduce the final en-
ergy consumption of the industrial sector by about 9o
Mtce, making considerable energy efficiency improve-
ment contributions to the whole of society.

4.3 IDENTIFICATION OF HIOS
IN THE BUILDING SECTOR IN
CHINA

431 TECHNICAL HIOS

HIO 1 Promote passive houses

A passive house is a building in which all kinds of energy
efficiency technologies have been introduced to optimize
the envelope structure and indoor environment, maxi-
mize the thermal insulation, heat insulation and airti-
gheness of the building and minimize the requirements
for heating supply and cooling. In addition, different
kinds ofpassive building measures, such as natural venti-
lation, natural lighting, solar irradiation for heat gain and
indoor non-heating supply heat source for heat gain, are

adopted to achieve a comfortable indoor thermal and hu-
mid environment as well as a lighting environment, mi-
nimize dependence on the active mechanical heating and
cooling system, or completely eliminate such facilities.

Since the world's first genuine passive house was built
in Darmstadt, Germany in 1991, passive houses have de-
monstrated their huge potential for development. By the
end of 2013, about 50,000 passive houses had been built
globally, half of them in Germany (MOHURD and GEA
2013). Up to now, passive houses have become the buil-
ding standard with the most extensive extension coverage
in Europe. Germany has established clear requirements
for the airtightncss of passive houses, the total energy
consumption of a passive building, the heat requirement
for heating, the heating load, and the cooling and indoor
comfort levels. For example, total energy consumption of
the building (primary energy) is <120kWh/m?*/year, and
the heat requirement for heating <15kWh/m?year (MO-
HURD and GEA 2013).

Since 2009, the MOHURD has carried out ‘China pas-
sive low—encrgy consumption bui]ding demonstration
projects’ in cooperation with the German Energy Agency.
At present, some passive houses, including Qinhuang-
dao “Zaishuiyifang’, Harbin ‘Chennengxishu courtyard’,
Zhuzhou ‘Huitianran Urban Park Phase II" and Qinghai
‘Lishuiwan community’, have been complctcd and put
into use. Passive house pilot projects under construc-
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tion can be found in different climatic zones all over the
country. The existing pilot projects in China have shown
that the penetration of passive houses under existing
conditions can significantly reduce the energy consump-
tion of buildings in addition to improving the liVing en-
vironment, and that these passive houses are tcchnically
feasible and cconomically affordable. chhnically7 it is
essential to adhere to the principlc of ‘giving priority to
passive dcsign7 and pcrform active optimization for eco-
nomic and practical results’. In addition to meeting the
local climatic and natural conditions of the construction
site, the building sector should, through reasonable planc
layout, cffcctivcly utilize natural lighting and natural ven-
tilation to improve the heat insulation and airtightncss of
the building cnvclopc and :1dopt various passive techno-
logical measure, including a solar utilization tcchniquc
and an indoor non—hcating supply heat source for heat
gain to maximize building energy cfficicncy and obrtain
a comfortable quality of indoor physical environment.
The Qinhuangdao “Zaishuiyifang’ pilot project has a hea-
ting demand that is only a quarter of the standard for
the hcating energy consumption in residential buildings
as spccificd in the local building code: ‘energy saving by
65%". In other words, about 70% of energy consumption
for heating can be saved (MOHURD 2013).

So far, the per capita building area in China is still on
the low side. Given economic and social development
and improvements to living standards, per capita buil-
ding area will further increase in China. If by 2050, the
per capita urban residential building area, the per capita
rural residential building area and the per employee buil-
ding arca per of the tertiary industry are respectively 46
square meters, 46.3 square meters and 50 square meters,
in 2010- 2050, the total residential building area will in-
crease from 40.8 billion square meters to 63 billion square
meters, and the public building area will increase from 12
billion square meters to 23 billion square meters. In the
next four decades, the number of urban residential buil-
dings will annually increase by more than 1 billion square
meters on average (ERI, MRI and LBNL 2016). Under
the Intensified Energy-saving Scenario, the proportion
of ultralow energy-consuming passive houses among new
buildings will be significantly improved. On the assump-
tion that in 2050 the accumulated area of ultralow en-
ergy-consuming passive houses will account for 60% of
the accumulated area of new urban buildings (residential
buildings and public buildings), the accumulated area of
near-zero energy-consuming buildings will account for
60% of the stock of rural residential buildings, as estima-
ted according to model, the residential buildings and the
public buildings will save 112 Mtce and 104 Mtce of final
energy consumption respectively against the Reference
Scenario, indicating great energy eﬁiciency improvement
potential.
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China is fncing the following major obstacles in promo-
ting passive houses. First, there is the awareness issue.
Due to the brief history of passive house dcvclopmcnt
in China, the whole of society has a low dcgrcc of awa-
reness of the benefits of passive houses. Second, there
is the technical issue. An intcgratcd dcsign concept
and high expertise is gcncrally needed to dcsign passive
houses, and there lacks of qunliﬁcd technical pcrsonncl
for the dcsign of such houses. Third, there is the stan-
dards issue. The current building codes in China mainly
spccify the requirements for the thermal pcrformnncc of
the building cnvclopc and spccial energy consumption
equipment such as hc:lting and air—conditioning, not re-
quirements for the cncrgy—cfficicncy level of the whole
building. In addition, the current building code lacks en-
couragement to use such passive solutions as natural ven-
tilation, natural lighting and solar energy to reduce the
building’s energy demand. Fourth, there is the building
materials issue. Encrgy—cﬂicicnt building materials, such
as high—pcrformancc windows and air—scaling products,
are in short supply in the market currcntly, thus affec-
ting the effective implcmcntation of intcgratcd dcsigns.
Fifth, chere is the construction issue. Passive houses have
high demands for the knowlcdgc, skills, and expertise of

construction WOTl{CI‘S.

HIO 2 - Popularize super-efficient equipment and
appliances

Given the progress in economic and social dcvclopmcnt,

the intensity and scale of economic activities in the ser-
vice sector will increase, and with it an ever-increasing
requirements for energy services, hence the energy
consumption demands of office equipment and lighting
will further increase. The growth of houschold incomes
will also stimulate the continuous increase in the stock of
energy-consuming equipment such as houschold electri-
cal applianccs and lighting facilities. With tcchnological
progress, the cncrgy—cflicicncy level of building equip-
ment has improved. At present, most energy consuming
equipment in buildings have some more energy cfficient
substitutes. For cxamplc, organic light emitting diode
(OLED) TV sets can save energy by 30% against the pre-
sent conventional liquid crystal (LCD) TV set. However,
on the whole, the penctration rates of supcr—cﬂicicnt
equipment and applianccs are rclativcly low; therefore
increasing the penetration rate of supcr—cfficicnt equip-
ment and applianccs in the building sector will bring
about more opportunities for energy cfficicncy. Certain-
ly, it is very important to select the appropriate energy
consumption mode, as well as necessary to promote su-
pcr—cfficicnt equipment and applianccs based on the ap-
propriate mode of’ energy consumption.

According to the investigation, the cf‘HCicncy of the
present major building energy-consuming equipment



BOX 2. Case Study: Qinhuangdao ‘Zaishuiyifang’ passive house pilot project

The Qinhuangdao “Zaishuiyifang’ passive house pilot project is located in Harbor district in Qinhuangdao City and
its nine buildings have a total building area of 80,344 square meters. The ‘Zaishuiyifang’ No. Ci5 Building was the
firse building constructed according to the German standard for passive houses, with a height of 18 floors and a
building area of 6,467 square meters. This project has received a two-star green building label and is certified under
the China-Germany passive house standard. According to an evaluation of four aspects of this project (overall en-
ergy performance, primary energy demand, envelop structure design and parameters of energy consumption equip-
ment ), the heating energy demand, cooling energy demand and the total demand for primary energy are 13kWh/
m?*/year, 7kWh/m?*/year and 110kWh/m?/year respectively, fully in compliance with the comprehensive evaluation
requirements specified in the standard for the passive house as a low energy-consuming residential building. The
space heating demand of this project is about a quarter that for residential buildings as specified in local standard
‘energy saving by 65%". Its construction costs are only RMB 596 /m? (or a 12% premium) higher than those for normal
residential buildings. In addition, the indoor PM2.5 level is lower than in the neighborhood of the buildings during
periods of heavy haze.

!
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Qinhuangdao passive house project
The major technical features of the Qinhuangdao Passive Houses are as follows:

1) There is no thermal bridge in the high-efficiency external thermal insulation system and the heat-transfer coef-
ficients of the roof, external wall and basement roof are K<o.15W/m*k; the non-transparent external building
envelope is completely covered by thick heat-insulating materials; the external layer of insulation materials
on the external wall are more than 200mm thick; and blocking measures are used to prevent the formation of
thermal bridges by metallic connecting pieces;

2) Double-layer external windows with low-emissivity and high thermal insulation performance are adopted,
which have good lighting, thermal insulation and heat-insulating performances, with a heat-transfer coeffi-
cient of k< 0.8W/m*K, a total solar energy transmittance of g 2035, and a selectivity coefficient of glass s21.25.
The external window has the selective transmission for light rays with different wavelengths, which can isolate
outdoor solar heat in summer, reflect the near-infrared rays that are radiated by glass indoors in winter, and
can also make full use of natural light to meet indoor lighting needs.

3) The buildings have a high level of airtightncss. Each building and each residential unit has a continuous and

integral air-retaining laycr that encloses the whole heating space. When the pressure difference between the
indoor and outdoor environments reaches 50Pa, the air cxchange ratio per hour does not exceed 0.6 time.

4) Makes full use of renewable energy sources, using solar energy to meet the requirement for indoor heating in
winter, use sunlight to meet the requirements for lighting during the day7 and install solar water heaters to
meet the demand for domestic hot water;

5) In the special indoor energy environment system, space conditioning is provided by a variable-refrigerant-flow
air-source heat pump, and the central air-ventilation system includes 75% efficient energy recovery;

6) Perform refined construction, pay special attention to details, and adopt the corresponding measures for ther-
mal bridge blocking, moisture protection, waterproof protection and nose protection.

(Source: MOHURD 2013)

63



is comparcd with the high energy cfﬁcicncy level (the
energy cﬂicicncy of the advanced products which have
appcarcd in internal markets), as shown in Figure 4-4
(ERI, RMI and LBNL 2016). It is visible that most energy-
consuming equipment in buildings still has potcntial for
improvements to energy cfficicncy. At present, the po-
pularization rate of high energy cfficicncy equipment is
almost o, but in the future this will gradually increase. In
the reference scenario, due to a lack of effective policy on
product popularization, and with the sclf—dcvclopmcnt
of market, it is assumed that the popularization rate of
high energy cfficicncy equipment can only reach 40% by
2050. In the intensified energy-saving scenario, relevant
policy measures are adoptcd to spccd up the populariza—
tion ofhigh cfficicncy equipment, and it is assumed that
the population rate of such equipment will reach 100% by
2050. According to the results of the model’s estimates,
in 2050 in the intensified energy-saving scenario, due to
the popularization of energy-consuming equipment with
high—cncrgy cfﬁcicncy7 the building sector can save final
energy consumption of about 200 Mtce against the refe-
rence scenario.

There are many kinds of energy-consuming consumption
equipment in buildings. On the whole, the current en-
ergy cfficiencies of appliances, lighting facilities and en-

ergy-consuming office equipment in China are gcncrally
lower than the most advanced international levels. In
gcncral the awareness of energy cfficicncy labels among
Chinese consumers is low. Moreover, energy cfficicncy la-
bels are available for a few types of applianccs and equip-
ment and thcy fails to providc adcquatc information to
enable consumers to select the most energy-saving pro-
ducts. Furthermore, highcr sales price often discouragc
consumers from purchasing supcr—cﬂicicnt applianccs
and other energy-consuming equipment.

Air source heat pump technology provides a good
example about the barriers in China for the wide disse-
mination of super-efficient appliances.

Heat pumps are dcsigncd to move thermal energy in the
opposite direction ofspontancous heat transfer by absor-
bing heat from a cold space and rclcasing it to a warmer
one. The air source heat pump is dcsigncd to extract heat
from outdoor air, use a blower fan to drive the outdoor
air to flow through the hcat—collccting device (cvapora—
tor of heat pump) installed outdoors, prepare hot water
or hot wind through an indoor heat exchanger (conden-
ser of heat pump) and supply hot water or hot wind to
use for indoor heat supply. In its actual operation, given
the efficiency factors of such components as the motor,

FIGURE 4-4. Comparison of the improvements in energy efficiency of equipment and appliances
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Note: The high-energy efficiencies of washing machines, TV s

ets, refrigerators, other electric appliances, commercial lighting,

commercial equipment and residential buildings refer to relative energy efficiencies in comparison with ordinary energy effi-

ciencies and the virtual efficiency improvements caused by the
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compressor and heat exchanger, air source heat pumps
can gcncrally reach a hcating cfficicncy, Coefficient of
Performance (COP), of 3 or 4. As compared with that of
direct electrical henting, to meet the same heat supply re-
quirement, the power consumption of the air source heat
pump is only 1/3—1/4 that of direct electric hcating, indi-
cating a very remarkable energy efficiency improvement.

Air source heat pumps are highly applicable to multiple
climatic regions in China and are the best technology so-
lution for providing heating for buildings in regions wi-
thout access to a central heating system. Since they can
take heat directly from the outdoor air, air source heat
pumps may be continently installed for each house or
apartment and save building space. In the regions with a
minimum winter outdoor air temperature between -10°C
and +10°C, an air source heat pump can be used for space
heating. Air source heat pumps can have many indoor
terminal heating modes. Floor radiant heating and/or in-
door machine terminals can be adopted, or a fan coil can
be used to direct hot wind to the indoor environment.
When floor radiant heating is adopted, the temperature
of the hot water heated by the heat pump is controlled
at 35°C or so and can meet demand, so that the energy
utilization efficiency of the air source heat pump can
be significantly improved. The indoor thermal comfor-
tability realized by the floor radiant heating mode can
be more easily guaranteed than direct hot air supply, so
the mode of ‘air source heat pump with floor heating’ has
more advantages in terms of system energy conservation
and indoor thermal comfortability.

For the very cold regions, low-temperature heat-pump
technology can be used to improve reliability, safety and
energy efficiency for space heating. For example, the air
source heat pump technology based on a two-stage en-
hanced vapor injection variable frequency compressor
can be used to enhance vapor injection and change the
displacement ratio through the two-stage compression of
a single compressor and significantly improve the capaci-
ty of the heat pump. Being able to expand the application
range of the air source heat pump and significantly im-
prove heating and cooling capacity and energy efficiency
under a -25°C to +54°C outdoor environment, this tech-
nology can be used extensively in cooling in hot areas and
heating in cold areas. As compared with the conventional
air source heat pump technology, this technology can im-
prove energy efficiency by 5% to10% under rated heating
(outdoor 7°C) conditions. At an indoor environment
temperature of -20°C, it can improve heating quantity by
50% to 100% and energy cfficiency by 5% to 20% (NDRC
2016). This technology has a high adaptability to outdoor
ambient temperatures and can be promoted in most of
China’s climate areas.

In the Yangtze River Basin region in China, which covers
Shanghai, Anhui, Jiangsu, thjiang, Jiangxi, Hunan, Hu-
bei, Sichuan and Chongqing and falls within the hot sum-
mer and cold winter climate zone, there are six billion
square meters of urban residential buildings and about
200 million urban residents. For a long pcriod7 the resi-
dential buildings in this region have gencrally featured
low indoor temperatures and poor thermal comfort in
winter. With improvement in liVing standards, local re-
sidents incrcnsingly demand highcr indoor temperatures
in winter, so space hcating energy consumption can be-
come a major driver to building energy demand increase
in this region in the future. To meet the space hcating
needs in this region, it is not advisable to adopt the largc-
scale district hcating systems as in North China. A better
option is decentralized hcating modes such as the decen-
tralized adjustzlblc air source heat pump and the gas—ﬁrcd
Wall—hnnging stove.

According to a recent survey, at present most urban
households in the Yangtze River Basin region use elec-
tric power or gas—driven decentralized and local heating
modes in winter. The indoor temperature in the hcating
space are only 14°C-16°C in general, while the energy
consumption intensity for heating in winter is about
2-4kWh/m” - much lower than the energy consumption
intensity for heating in urban areas in North China
(THURBERC 2013). According to the investigation, if
air source heat pump technology is used for heating, the
power consumption in each winter is about 6-8 kWh
per square meter, equivalent to 2-3 kgee. If a gas-fired
wall-hanging furnace is used for heating, average energy
consumption per square meter of building area is 3-5 m’,
equivalent to 3-5 kgce (THUBERC 2013). If a large-scale
central-heating mode is used for residential buildings
with a total area of 6 billion square meters in this region,
the hcating energy consumption intensity in each winter
can reach 8-12 kgce per square meter, which is 3-5 times
that of a decentralized heating mode mainly providing
electric heating, so that the total energy consumption for
heating in this region will increase by s0 Mtce (THU-
BERC 2013). In other words, for the purposes of heating
urban residential buildings in the Yangzi River Basin re-
gion, as compared with using large-scale district heating,
air source heat pump technology can save 50 Mtce. As
Comparcd with the adoption of a direct electric heating
technology, on the assumption that the heating efficiency
COP of the air source heat pump reaches three, this tech-
nology can save two-thirds of power consumption and
thus save 24 Mtce of heating energy consumption every
year. In addition, it can also help the users save heating
expenses. The cost of heating a residential building of
100 square meters with an air source heat pump is RMB
500-600 per winter, while the costs of using gas-fired
wall-hanging furnace is RMB 800-1000 per winter. If
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the district hcating is adoptcd, a houscholder has to pay
a hcating cost of about RMB 1500 for a hcating scason
(THUBERC 2013). It is obvious that using air source heat
pump to providc hcating for urban residential buildings
in the Yangzi River Basin region is the best solution as
it is tcchnologically feasible, most cost-effective, and has
tremendous energy-saving potcntinl.

For the purposes of the air source heat pump used in the
Yangzi River Basin Region, the applications for air condi-
tioning in summer and heating in winter have very simi-
lar compression ratio requirements for a vapor compres-
sion refrigeration cycle, so the Yangzi River Basin Region
is most suitable for winter and summer shared air source
heat pump technology. However, when an air source heat
pump is used for heating in winter in this region, it is
necessary to take into account condensation from the ou-
tdoor evaporator in the heat pump. In addition, since the
residential buildings in this region generally have poor
heat-insulating and airtightness performances, these per-
formances must also be improved so as to reduce the heat
requirement of buildings and address the heating needs.

HIO 3 - Carry out deep energy conservation

retrofits to existing buildings

Energy conservation retrofits to existing buildings are
rctroﬁtting activities pcrformed for the Cnvelopc struc-
ture, heating, air-conditioning, ventilation and lighting
systems of existing buildings which do not comply with
the compulsory standards for the energy efficiency of ci-
vilian buildings. China has a huge stock of existing buil-
dings. In 2013, the total area of civilian buildings all over
the country (not including industrial buildings and pro-
ductive houses in rural areas) exceeded 54 billion square
meters. However, so far, there are only ten billion square
meters of Cncrgy-cfﬁcicnt buildings in urban areas, ac-
counting for just a third of the total stock of bui]dings.
In addition, in due course, partia]ly Cncrgy—efﬁcicnt buil-
dings will need another retrofic. Some practices in the
world have shown that, through deep energy conserva-
tion retrofits to existing bui]dings using intcgratcd de-
signs, in particular in northern heating areas, it is feasible
to reduce buildings’ energy consumption by more than
30% and significantly improve their indoor comfortabi-
lity as well as their market values.

For the purposes of energy conservation retrofits to
existing buildings, there are different focus points for
different climatic regions and building types. For urban
residential buildings in the northern region, the focus
should be on improving the building envelope structure,
promoting heat supply metering, and disseminating the
thermal balance transformation to pipeline network. For
commercial buildings, the main efforts should be devoted
to the energy conservation retrofit of energy-consuming
systems, including heating, air conditioning, ventilation,
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lighting, hot water and electric elevator, so as to improve
their operation efficiency. For residential buildings in the
hot summer and warm winter and the hot summer and
cold winter climate zones, it is necessary to give priority
to promote insulation of doors and windows, increasing
external shading and increasing the use of natural ventila-
tion. Since urban buildings in northern areas in China are
major energy consumers. For example, the primary ener-
gy consumption for space heating for urban buildings in
the northern region accounted for about 24% of national
total building energy consumption in 2013 (THUBERC
2015). The energy conservation retrofit to urban buildings
in the northern region can also hclp improve pcoplc's li-
ving standards; hence energy conservation retrofit to the
existing bui]dings should be further enhanced.

In gcncral, energy conservation retrofit to the existing
buildings cannot be completed by using a single tech-
nology; it always involves the integration, optimization
and organic combination of multiple techniques with
technological strategies, including demand minimization
and supply optimization. For residential buildings, the
key strategies are improving the thermal properties of
the buildings' envelope structures and reducing the avai-
lable energy loads such as building heating and cooling.
In recent years, the Chinese market for building envelope
structure technologies such as high-performance heat-in-
sulating materials, Low-E glass, variable sun-shading and
airtight sealing have been developing rapidly, providing
technical support for tapping the energy-efficiency po-
tential of buildings. For example, an intelligent window,
a selective ‘thermo-color’ window, has been developed
and used in the National Renewable Energy Laboratory
building in the American Department of Energy. It can
change the transmitted heat quantity according to tem-
perature changes on the external window pane while en-
suring the normal transmission of equivalent visual light.
The amount of solar heat transmitted in cold winter day
is more than five times the amount of solar heat transmit-
ted at noon in hot summer.

There are major differences among different regions
in the costs of energy conservation retrofits to existing
buildings. In the northern regions of China, the costs
of envelop structure retrofit, heat supply metering and
the thermal balancing of pipeline networks are generally
more than 35 USs/m” (RMB220/m’). According to an in-
vestigation on the actual costs, in Beijing, Tianjin, Hebei
and Heilongjiang, the costs of energy conservation retro-
fits to existing urban residential buildings range from 40
US$/m’ (250 RMB/m?) to 67 US$/m” (420 RMB/m>). The
energy conservation retrofit to Hebei No.1 Community
in Tangshan City is an example. The building area of this
project is about 11,000 square meters; after the retrofit,
the heating area reduced to 10,180 square meters. The
specific energy conservation measures and the per square



meter total costs were as follows: thermal insulation pro-
ject outside the external wall: 14.4 US§/m’ (91 RMB/m?);
roofing transformation work: 8.7 USs/m? (55 RMB/m?);
doors and windows modification: 12.5 USs/m? (79 RMB/
m?); indoor hcating system modification: 14.3 Uuss/m? (90
RMB/m?); other works: 8 USs/m” (50 RMB/m’); and to-
tal cost for energy conservation retrofit: about 58 USs/
m* (365 RMB/m’). The space heating consumption of this
project before and after retrofit are 25.9 W/m” and 12.0
W/m? rcspcctivcly; the retrofit reduced the building’s
energy consumption for hcating by 50%, indicating an
outstanding energy conservation effect (Liu et al 2012).

The energy-efficiency potential of energy conservation
retrofits to existing buildings can be estimated with a
model. Assuming that, in the Intensified Energy-saving
Scenario, by 2050, most existing urban buildings will
have undergone an energy conservation retrofit. Among
the building existing in 2050, 75% will have undergone en-
ergy conservation retrofits, and 100% of buildings existed
in 2010 will have undergone deep energy conservation re-
trofits. The results of the modelling are that, the residen-
tial buildings and the commercial buildings will be able
to respectively save 86 Mtce and 32 Mtce of final energy
consumption of against the Reference Scenario by 2050,
and residential buildings have much bigger energy-saving
potential than commercial buildings.

There are certain obstacles to making energy conserva-
tion retrofits to existing buildings. First, fund raising is
a problem. Such retrofits require a huge investment, so
funding is a key issue. In addition, China's existing buil-
ding stock is huge, with a wide distribution range, at
various stages of their use life, different design conside-
rations and standards, a variety of structural forms and
complicated property ownerships. For residential buil-
dings in particular, it is very difficult to determine who
should be responsible for raising the funds for energy
conservation retrofits. Secondly, the market for building
reerofit services is still small and weak. In general, single
projects of energy conservation retrofits to existing buil-
ding can only generate small amounts of energy savings
and the investment payback periods are often long. There
lacks innovation in the investment and financing models,
and the market has no strong enthusiasm for such invest-
ments. At present, domestic projects of energy conserva-
tion retrofits to existing residential buildings are mainly
dominated by the public sectors, and the size of govern-
ment subsidies has an obvious influence on the speed and
scale of energy conservation retrofits to existing residen-
tial buildings. Third, the foundations for policy making
and decision making are weak. The relevant government
departments fail to make sufficient investigations or
analyze the present energy consumption and retrofit po-
tential of existing buildings, while regional government
departments fail to make sufficient investigations to col-

lect relevant information about existing buildings, fail to
make adcquatc :1n:11ysis of the necessity, feasibility, in-
vestment to output ratio and investment payb:lck pcriod
of energy conservation retrofit projects, and fail to make
clear the kcy objcctivcs of such projects. Fourthly7 there
are technical problcms. Relevant profcssionals often lack
the integration dcsign concept, which is important to
guidc energy conservation retrofits to existing buildings.

HIO 4 - Use low-grade industrial waste heat for
space heating

Low-grade industrial waste heat mainly refers to the heat
quantity included in flue gas with a temperature below
200°C and liquid with a temperature below 100°C, dis-
charged in the industrial process. Due to the low energy
grade of such energy resources, it is difficult to use low-
grade industrial waste heat in production processes or
power generation, so the utilization rates are generally
low. In the power sector, for example, only 40% of coal-
fired thermal power generation is converted into electri-
city, the rest being discharged as waste heat. The other
industrial sectors, such as steel and petrochemicals, also
discharge substantial amounts of waste heat. Most indus-
trial enterprises merely recover residual heat and use it
for domestic hot water and plant building heating and
only a very small proportion of the total waste heat avai-
lable is collected and utilized. The demand for low-grade
industrial waste heat is seasonal; the demand is relatively
low in summer and high in winter.

Urban hcating in the north is an important part of
building energy use in China. In 2013, the total energy
consumption for space hcating to urban buildings in the
northern regions was 181 Mtce, accounting for 24% of
total national building energy consumption in the same
year. Among the heat sources for space heating in the
northern regions, cogeneration accounted for 42%, coal-
fired boilers 48%, gas-fired boilers 8%, and other heat
sources 2% (THUBERC 2015). The wide use of coal-fired
boilers for space heating is a major cause of high energy
consumption and hcavy air pollution in Chinese cities.
At the same time, the northern regions have abundant
industrial waste heat resources. It is estimated that the
amount of low—gradc industrial waste heat dischargcd in
the hcating season in this part of the country (the hea-
ting season is calculated at four months on avcragc) is
about 100 Mtce (THUBERC 2015). As an important sup-
plementary energy resource, low-grade industrial waste
heat can be used in combination with thermal power
plants and boilers for the central hcating of urban buil-
dings, which is of great significance in reducing energy
consumption through central hcating and rcducing air
pollution in northern areas. In fact, urban central hcating
is the ideal way of using low—gradc industrial waste heat
in winter. Being compatiblc and complcmcntary with in-
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dustrial waste heat, the rcgulation and buffcring capaci-
ties of urban ccntral—hcating systems can to some extent
accommodate the discontinuous and unstable supply of
low—gradc industrial exhaust heat.

Since the heat sources with higb waste heat resource po-
tential are often kept away from downtown areas, the
economic feasibility of the long-distance heat transmis-
sion is a key factor affecting the usability of waste heat
resources. Tsinghua University has now developed a
‘central heating technology based on absorption heat ex-
Change’, which can improve the heat—generation efficien-
cy of heat sources (such as thermal power plants) by 40%,
and improve the transportation capacity of heat-supply
networks by more than 50% (Jiang et al 2014). According
to a report issued by the Chinese Academy of Enginee-
ring, depending on major temperature differences, the
heat exchange technology is able to double the economic
transport distance of traditional heat-supply networks.
In addition, the research has also demonstrated that the
transportation costs of heat-supply pipe networks (inclu-
ding investment in pipe networks, energy consumption
during the heat carrier transportation process, and heat
radiation loss) decrease with the increase in transport
capacity. If the transport capacity is 5000 MW (able to
meet the heat supply demand for buildings with an area
of 100 million square meters) and the cost for collecting
industrial waste heat is less than 2.4 US$/GJ (15 RMB/
GJ), the heat supply cost for the long-distance transpor-
tation (300 km) of waste heat is lower than that of a natu-
ral gas boiler. When the heat supply distance is less than
100 km, waste heat based heating supply is more cost-ef-
fective heating supply based on a coal-fired boiler (Jiang
et al 2014). In general, the waste heat resources within a
distance of 100 km are sufficient to meet a city’s heating
demand.

Based on investigations in the Beijing-Tianjin-Hebei re-
gion, there are 95GW of industrial waste heat resources
in this region. If a unified large heat-supply network
is built to utilize the waste heat resources from power
plants and industries, combined with natural gas-based
heat supply for peaking hours, there is enough waste
heat to provide heat supply to 2.5 billion square meters
of buildings, offering clean heat supply to all the cities at
county level or above, part of the villages and towns in
the periphery of the large heat supply network and even
some rural areas. The investment needs of such a project
are estimated at USs 28.6 billion (RMB 18obillion). Such
a project can replace 30 million tons of highly polluting
coal consumption each year, save 200 million tons from of
water being discharged into the atmosphere in the form
of steam, and reduce the heat-supply costs to only half
of the natural gas-based heat supply costs. If industrial
waste heat is used for heat supply all over the northern
regions and multiple inter-province large-scale regional
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heat supply networks are created, the total investment
needs will be between US$ 28.6 billion (RMB 8oo billion)
and USs 158.7 billion (RMB 1 trillion). These large-scale
heat supply network projects can supply heat to about 10
billion square meters of’ buildings, rcplacc the consump-
tion of 150 million tons of dirty coal and save 1 billion
tons of water evaporation each year (Jiang et al 2014).
Comp:lrcd with natural gas—ﬁred heat supply, this project
can save more than 100 billion cubic meters of natural gas
consumption each year (Jiang et al 2014).

At present, there still exist some mechanism and techno-
logy obstacles to using low-grade industrial waste heat
for heat supply. Using waste heat for heat supply repre-
sents a major opportunity for energy-conservation and
CO, emissions reduction and it can bring about multiple
benefits to the national economy and people's livelihoods.
But building such a huge inter-provincial and inter-city
infrastructure project needs huge investment, involves
enormous interests for various stakeholders, and is very
difficult to coordinate, thus strong high-level coordina-
tion is needed. The innovative heat-supply mode requests
changes to the traditional perception of urban heat sup-
ply and energy conservation. However, China lacks heat-
supply planning based on low-grade heat sources and the
supportive mechanisms for waste-heat based heat sup-
ply projects, for example, a pricing mechanism that can
objectively reflect the heat supply costs. There are also
multiple technical problems to be solved, including how
to collect heat from each single waste heat source, inte-
gration among multiple waste heat sources, the distribu-
tion and transportation of heat, as well as the operational
regulation of the industrial waste heat system, so as to
promote the harmony cooperation between industrial
enterprises and the central heating system.

4.3.2 STRUCTURAL HIOS

HIO 1 Promote building prefabrication

As part of the transformation of the building industry
from scattered and outdated handicraft production to
massive industrial production based on modern techno-
logy, building prcfabrication involves constructing in-
dustrial and civilian buildings by means of massive indus-
trial production. This is a changc to the production mode
of the building industry with technical and management
innovations as its core elements and an effective way to
improve the utilization cfficicncy of energy resources at
the building construction stage. The traditional practice
of wet mixing on site usually requires tcmplatc erection,
reinforcement assembling and cast-in-place concrete,
which leads to low levels of labor efficiency, high resource
consumption, serious environmental pollution and hid-
den problems in building quality and production safety.
In the case of prefabricated buildings, component factory



BOX 3. Case Study: low-grade industrial waste heat utilized for urban central heating in Qianxi County,
Hebei Province

There are three major heat sources in Qianxi County, Hebei Province. All of them are small-size coal-fired boilers
Fcaturing small boiler system capacity, low heat ci‘licicncy, high pollution emissions and liigli operating costs. Two
largc-scalc steel plants, Jinxi and Wantong, are located a little more than 10 km away from Qianxi County to the
northwest. In their production process, the steel plants discharge large amounts of low-grade industrial waste heat,
including waste heat from blast furnace washing, stcclmaking7 continuous casting and cooling, circulating water
for cooling blast furnace walls and the desulfurization Workshop section. These waste heat sources, in combination
with the low-pressure waste heat steam in steel plants, can basically meet the short-term heat demand of house in
Qianxi County. As for meeting the heat demand of further increases in building area of the city, absorption heat
pumps can be installed at the heating station in the county to reduce the return water temperature of the primary
network. The temperature difference between supply water and return water is increased to reduce energy loss in
distribution and transmission and to increase the waste heat recovery rate. Industrial waste heat sources can also
be used to address long—tcrm heat supply in Qianxi County.

In 2014, Qianxi County implemented a project to use low-grade industrial waste heat in urban central heating,
thus achieving a ‘green heat supply” without increasing coal and natural gas use. This project is running with
‘network-source integrated’ commercial operation model, with a total investment of USs 89 million (RMB 560
million), and is implemented in three phases. In phase I, the heat supply area reaches 3.6 million square meters,
with a heating capacity of 150 MW. In phase II, the heat supply area is expected to be 6.84 million square meters,
with a heating capacity of 361 MW. In phase II1, the heat supply area will be 10.84 million square meters, with total
heat supply capacity of up to 561 MW. Phase I of the project has been operational for more than a year, and it can
supply heat for 3.6 million square meters of buildings in the whole of Qianxi country, replacing seven sets of 40-ton
coal-fired boilers. The industrial waste heat recovery and use is able to save 63,512 tee of coal each year and thus
can realize CO2 emissions reductions by 167,580 ton/ycar, SO2 emissions reductions 543 tons/ycar, N20 emissions
reductions 473 tons/year, and water saving 0.56 million tons/year, with an overall energy-saving rate of over 85%.
This project can significantly reduce the PM 2.5 emissions in Qianxi County in winter.

As the next step, Qianxi will make full use of the waste heat from blast furnace slag Washing water and from flash
steam, install absorption heat pumps in the steel plants, and extract the waste heat from stcclmaking, continuous
casting and cooling, circulating water for cooling blast furnace walls and desulfurization Workshop sections, so as
to meet the county's increasing heat load demand. In addition, the building heat cxchangc station, with its ncwly
increased area at the terminal of the hcat—supply network, is rcquircd to adopt :1bsorption—typc hcat—cxchangc
tcchnology to gradually decrease the return water temperature to below 25°C. By increasing the temperature dif-
ference between supply water and return water in the primary hcat—supply network, it is possiblc to make better
use of the various low—gradc waste-heat resources in the steel plants.

Qianxi County is the first demonstration city in Hebei Province, or even in China, that has complctcly utilized
low—gradc industrial waste heat for central hcating for urban buildings. The practice of Qianxi County has provcd
that using long-distance low-grade industrial waste heat resources for urban heat supply is technically and econo-

mically feasible.

production is a precondition of factory fabrication. Such
reinforced concrete components as columns, girders,
walls, floors, stairs, galleries and parapets are produced
in modern factories in advance and the finished compo-
nents are then transported to the construction site for
fabricated construction, which requires for high levels of
technical matching and integration but greatly reduces la-
bor intensity, speeds up construction, saves resources and
improves build quality. Building prefabrication requires
design standardization, factory production, assembly at
construction sites, and the integration of electrical fic-
ment work and process management digitalization such
as building design standardization based on final design.

Considering energy consumption in buildings, building
prefabrication is mainly designed to perfect the perfor-
mance of the building envelope. It can also improve buil-
ding quality, reduce the useful energy load, and decrease
the life-cycle energy consumption of buildings by exten-
ding buildings' service lives. Morcover, building prefabri-
cation can remarkably reduce the consumption of ener-
gy-intensive construction materials and hence indirectly
reduce the energy consumption in the industrial sector.

Existing examples of building prefabrication at home and
abroad have shown that the prcfabrication buildings’ use
life is 10-15 years longer than that of an ordinary buil-

ings, construction material wastage is reduced by 60%,
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construction waste by 80%; and that construction can be
grcatly spccded up while the construction quality is im-
provcd. For instance, it only took fifteen days to finish
building a thirty—story hotel building in Xiangyin in Hu-
nan Province (Smith 2016). In China, construction waste
is hugc, bcing estimated at 1 billion tons in 2013, of which
26% is produccd in the building construction process, 74%
in the construction demolition process and only 5% can
be recycled (Zheng 2015). Therefore building prefabrica-

tion is ofgrczlt importance in saving resources.

It is assumed that, in the Intensified Energy-saving Sce-
nario, new buildings in cities and towns will be gradually
constructed with building prefabrication after 2010 and
that all buildings in cities and towns will be constructed
in this way in 2050. It is also assumed that the life of buil-
dings constructed in the period from 2011 to 2020 will be
extended from the traditional forty years to fifty years
and after 2020 from fifty years to seventy years. Besides,
China’s average per capita floor area in 2050 will reach
the lower current levels in developed countries. Accor-
ding to the model, the longer building use life will reduce
the area of new urban buildings to be built between 2010
and 2050 by 3.41 billion square meters, thus decreasing
the demand for such construction materials as steel and
cement and avoiding the energy consumption associated
with the production of steel and cement. The construc-
tion of 240 million square meters of new buildings in
cities and towns can be avoided in 2050, indirectly redu-
cing 60 Mtce for final energy consumption in the indus-
trial sector. Moreover, 30 Mtce of final energy consump-
tion in the building sector will be directly reduced due to
building prefabrication in 2050.

Pursuing building prefabrication became a priority of
China's building energy conservation during the 12th
FYP. At present, more than fifty national prefabricated
bases for buildings have been established for the creation
of over two hundred national demonstration projects of
comfortable districts and the Standard of Evaluating In-
dustrialized Building (GB/T51129-2015) has been enacted.
According to a preliminary investigation, the total floor
area of fabricated buildings in China had reached 35 mil-
lion square meters in 2015. In the past two years, local
governments have set out clear requirements for building
prefabrication development, making prefabrication in-
creasingly popular.

However, big hurdles remain in pursuing building pre-
fabrication in China. The current technical standards
and guidelincs for buildings are not compatiblc with the
technical requirements of building prefabrication, and
most current administration systems are applicablc to
the traditional construction mode, which requires less
government intervention and coordination. Besides, lack
of close coordination during the dc:sign7 production and
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construction stages can lead to longcr construction time
and highcr costs. More spccifically, the EPC management
mode of intcgratcd dcsign, production and construc-
tion of building structure, electromechanical and fic-
ment works are not followed. The technical system and
construction method are not renovated for prefabricatcd
part dcsign except ‘splitting7 the traditional cast-in-situ
buildings into components for production and proces-
sing, rcsulting in coexistence ofprcfabrication and cast in
situ in the same project. The dcgrce of standardization of
the modular dcsign of construction products is not higb,
and the components are not standardized and prcﬁlbrica—
tion cannot take advantagc of automatic production lines
and scale production (. An industrial supply chain with
the intcgrntcd devclopmcnt of related industries such as
building components and ﬁttings has not be formed, and
parties involved in building sector and the industrial sec-
tor cannot collaborate with each other cffcctivcly.

4.4 POLICY
RECOMMENDATIONS

4.41 STRENGTHENING THE CAPACITY TO
PROMOTE PASSIVE HOUSING

Establish and perfect the technical standards for pas-
sive housing in China and set up standards, specifica-
tions and construction methods for passive buildings in
various climatic regions as soon as possible. Carry out
awareness-raising campaigns and training, popularize
the idea of ‘integrated design’ and the design methods of
passive buildings, improve awareness of the importance
of energy efficiency among real estate developers, buil-
ding designers and energy efficiency assessment person-
nel for improving the potential, methods and earnings
of building efficiency. Summarize the experience of ‘in-
tegrated design’ and select successful cases, develop com-
prehensive building energy efficiency assessment tools,
and regularly update real estate developers and building
designers about national progresses in building energy ef-
ficiency improvement, so as to encourage stakeholders to
take actions as early as possible. Meanwhile, strengthen
the professional training of passive building builders and
assess their building qualifications. Enhance research and
development into technical products related to passive
building, including research and optimization of design
procedures, construction and quality control methods
for ultra-low energy-consuming passive building systems
and develop advanced building envelope components
such as vacuum thermal baffles, double-layer Low-E glass,
glass window film, light-operated glass windows and air-
tight products. Encourage the development of industries
producing green building materials, high-performance
building envelope components and efficient energy



of similar buildings in western countries (BSB 2013).

BOX 4. Case Study: Building Prefabrication Practice of T30 Hotel in Xiangyin, Hunan Province

It took only fifteen days to build a thirty—story hotel with 358 guest rooms in Xiangyin, Hunan Province, by means
of prefabrication and installation. A steel-frame structure and curtain wall were used in the hotel construction,
90% of the components being prefabricated and produced in factories. High energy efficiency and low carbon
emissions have been pursued throughout the whole construction process, resulting in 10% to 20% reduction in steel
use and 80% to 90% decreases in concrete use in comparison similar buildings. During the construction process,
there was no fire, water, dust, welding operation on site and concrete or emery cloth polishing was used in the
whole construction process, and the construction waste was less than 1% of that produced in traditional construc-
tion. The hotel is designed and built to withstand a magnitude 9.0 earthquake, the average building cost is about
1000 USs$/m?, 30% lower than that of similar buildings in the same areas in China, and 80% to 90% lower than that
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Building Prefabrication Practice of T30 Hotel in Xiangyin ofHunan Province

equipment to provide the industrial support for the mass
promotion of Ppassive buildings.

4.4.2 IMPROVING THE MINIMUM
REQUIREMENTS FOR ENERGY-EFFICIENCY
STANDARDS OF APPLIANCES

Gradually improve the cncrgy—cfficicncy standards of
applianccs and other energy-consuming equipment so as
to reach optimal international Cnergy—cfﬁcicncy levels.
Establish the lowest Cncrgy-cfficicncy standard for com-
mon household applianccs. Eliminate the low—cfficicncy
applianccs and carry out rcgular assessments continually
to raise the lowest cncrgy—cfficicncy standard. Implcmcnt
a ‘paccmakcr’ system for cncrgy—cfficicncy standards. Im-
prove the Cncrgy—cfficiency labcling system of applianccs
and other energy-consuming consumption equipment
and cxpand the coverage area of cncrgy—cfficicncy labcling
products. Agree a series of milestones close to world-class
appliancc markings and send the signals to houschold
applianccs and energy-consuming equipment manufac-
turers to encourage them to research, dcvelop and manu-

facture more Cnergy—cfﬁcicnt products in advance. The
government should distribute public resources to make
pcoplc aware of the dcvclopmcnt roadmap of Cncrgy—cfﬁ—
cient applianccs and equipment in time. The government
should create the conditions and providc more financial
services to encourage consumers to buy more Cnergy—cfﬁ—
cient applianccs and energy-consuming equipment.

4.4.3 EXPLORING THE DEEP ENERGY
CONSERVATION RETROFIT MODE IN
RELATION TO EXISTING BUILDINGS

Focus on building external wall insulation, high—pcrfor—
mance heat-insulation external windows, air tightncss re-
trofits and efficient heat—recovcry fresh air systems with
the aim of achieving ‘integratcd dcsign’. Give priority to
adopting passive cncrgy—cfﬁcicnt tcchnologics such as
natural 1ighting and ventilation. Optimize the active en-
ergy Cfﬁcicncy technology, and implcmcnt dccp energy
conservation retrofit experiments for residential and
public buildings in cold areas. Explorc the appropriate
retrofit mode and technical route, summarize the expe-
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rimental experience in timcly fashion and promote it in
other suitable areas. Meanwhile, pcrfect a market mecha-
nism to facilicate building energy conservation retrofits,
control the energy cfficicncy of buildings by means of
modernized information tcchnology such as big data,
and encourage an innovative investment and ﬁnancing
mode for building cfficicncy projects. The government
has introduced finance and taxation incentive policies
to promote building energy conservation retrofits, such
as revenue or cost relief, grants or discounts, as well as
soft loans, to create incentives to offset the partial costs
of building energy conservation retrofits and attracting
energy management companies into the building energy
conservation retrofit market.

4.4.4 STRENGTHENING THE PLANNING OF
USING INDUSTRIAL WASTE HEAT FOR CITY
HEATING SUPPLY

Scicntiﬁcally analyzc the heat supply potcntial of indus-
trial waste heat in the northern hcating area, introduce
industrial waste heat as a heat source into local heat-
supply planning, and create a new model of heat supply
with cogeneration and industrial waste heat as the heat
supply base, with gas-fired boilers being responsible for
pitch pcak as well heat pump hcating and other efficient
scattered heat supply methods as the supplcmcntation.
Carry out pilot projects inVOlVing cross-region waste-heat
supply, such as the ‘intcgratcd’ hcat-supply experiments
in the Bcijing—Tianjin—chci regions. Establish the spe-
cial lcading group to coordinate the relevant sectors and
organizations. Work out and introduce a supporting me-
chanism to guarantee implcmcntation of the new mode
of heat supply, such as adjusting the settlement mecha-
nism of the heat source units and hcat—supply network
units to encourage them to work togcthcr in rcducing the
return water temperature. Institute the dccp rccycling of
low—gradc industrial waste heat, with sub—building mea-
surements and houschold apportioning mechanisms in
favor of implcmcnting heat metering and charging sys-
tems. Dcvclop the relevant tcchnologics and facilities
for low—gradc waste-heat supply such as absorption heat
pumps, remote transmission and the distribution of mas-
sive industrial waste heat, as well as the optimization and
adjustmcnt of waste heat systems.

72 | CHINAENERGY EFFICIENCY SERIES

REFERENCES

Building Energy Research Center of Tsinghua Univer-
sity (THUBERC). (2015) Annual Report on China Building
Energy Efficiency 2015[M]. China Building Industry Press,
Beijing.

Building Energy Research Center, Tsinghua University
(THUBERC). (2013) Annual report on China building en-
ergy efficiency 2013. China Building Industry Press, Beijing.

Broad Sustainable Building (BSB). (2013) Modular pre-
fabricated housing construction: limitations and op-
portunities. bttp://www.grccnindustryplatform.org/
Wp-contcnt/uploads/zo13/07/Br0ad—Gr0up—BSB—T30-

Tower-HotCl_chbnical-Briefing.pdf

Energy Research Institute, Rocky Mountain Institute,
and Lawrence Berkeley National Laboratory (ERI, RMI,
and LBNL). (2016) Reinventing Fire China: A Roadmap for
China’s Revolution of Energy, Production and Consumption to
2050. Sept.,2016.

Jinran thng. (2015) 57-Floor Building Goes up in 19 Days.
China Daily USA. May 5 2015. Available at: htep://usa.
chinadaily.com.cn/epaper/2015-05/05/content_20626039.
hetm.

IEA, Tsinghua University. (2015) Building Energy Use
in China: Transforming Construction and Influcncing
Consumption to 2050, OECD/IEA, Paris. 2015.

Ministry of Housing and Urban-Rural
Development(MOHURD). (2013) Feasibility study report
on popularization of passive residential buildings in China. De-
cember, 2013. Science and Technology Promotion Center,

Ministry of Housing and Urban-Rural Development.

Ministry of Housing and Urban-Rural
Development(MOHURD). (2014) Report of National Buil-
ding Energy Efﬁcicncy Inspection Situation on Spccializcd Su-
pervision and I nspection on Energy Conservation and Emission
Reduction in The Field of Housing and Urban-rural Dcvclop—
ment in 2013. Building Energy Efficicncy and Science &
chbnology Division, Ministry of Housing and Urban-
Rural Dcvclopmcnt

Ministry of Housing and Urban-Rural Development
(MOHURD). (2015) Report of National Building Energy
Efficiency Inspection Situation on Specialized Supervision and
Inspection on Energy Conservation and Emission Reduction in
The Field of Housing and Urban-rural Development in z014.
Building Energy Efficiency and Science & Technology
Division, Ministry of Housing and Urban-Rural Deve-
lopment.

Ministry of Housing and Urban-Rural Development
(MOHURD), German Energy Agency (GEA). (2013)
Handbook for Passive Low-energy Consumption Building De-



monstration Projects (China-German coopcration). Octo-
ber 2013,

National Development and Reform Commission
(NDRCQ). (2016) Description of Chinese ‘Double Top-ten’
best energy-saving technologies and practices. heep://
www.cecol.com.cn/news/20160106/01301706.htmLhtep://
www.cecol.com.cn/news/20160106/01301706.html.

National Government Offices Administration (NGOA).
(2015) Annual Statistical Analysis Report on Energy Consump-
tion of Public Institutions in 2014. December 2015.

Ryan E. Smith. (2016) Off-Sitc and Modular Construction
Explaincd. https:/ /Www.wbdg.org/ resources/site-and-
modu]ar-construction—cxplaincd

Wenke Han, Jianguo Zhang, Lijing Gu. (2013) Green Buil-
ding Actions in China[M]. Beijing: China Economic Pu-
blishing House. 2013.

Yi Jiang et al. (2014) Suggestions on how to comprehensively
popularize the use of industrial waste heat for heating to signi-
ficantly reduce the haze in winter in northern areas. Chinese
Academy of Engineering, 2014.

Yueli Liu, et al. (2012) Energy Conservation Retrofit to
the Existing Residential Bui]dings[M]. Beijing: China
Building Industry Press, 2012.

73



Wenjing Yl



At present, energy consumption in the transportation
sector accounts for 10% of national final energy use.
Along with economic dcvclopmcnt and the improve-
ments in liVing standards, demand for transportation
will also increase rapidly. The energy consumption of
the transportation sector in the dcvclopcd countries ge-
nerally stands at 20%-40% of their final energy consump-
tion. Similarly, the share of transportation energy use in
China is bound to increase, and this sector will become
a kcy sector contributing to energy consumption growth.
There is also a gap between China and the dcvclopcd
countries in per capita transportation energy consump-
tion. In the major dcvelopcd countries, per capita trans-
port energy consumption is gcncrally above 0.6 ton of oil
equivalent (toe), while in China it was only 0.16 toc in
2010, less than 1/13 that in USA. If the per capita trans-
portation energy usc in China reaches 0.6 toe, the current
average level in the dcvclopcd countries, total transpor-
tation energy consumption will amount to 840 million
toe, assuming the total population remains the same,
imposing severe strains on energy security and environ-
mental protection. Therefore, the targets for transporta-
tion devclopmcnt should not only be focused on meeting
mobility demand, but also on introducing the notion of
an energy revolution in order to achieve a brcakthrough
in energy consumption. This chaptcr will describe the en-
ergy conservation achievements and policics in China’s
transportation sector, seck to project the country's trans-
portation energy demand in the coming decades and de-
sign some pathways for achicving high energy cfficicncy.

5.1 REVIEW OF ACHIEVEMENTS
AND POLICIES REGARDING
ENERGY EFFICIENCY
IMPROVEMENTS TO
TRANSPORTATION IN CHINA

5.1.1 IMPROVEMENT TO ENERGY
EFFICIENCY IN TRANSPORTATION

The Chinese government set out forward the mandatory
targets of energy conservation and emissions reduction
during the 11ch FYP, brcaking down the national target
and setting local targets for all provinces and sectors. The
transportation sector bcgan to intcnsify its efforts and
measures for energy conservation and emission reduction
measures during the 11th FYP period, implemented key
energy conservation projects, and made remarkable pro-
gresses in improving the tcchnology and management of
energy conservation. However, the effects of these mea-
sures and efforts are not sufficient to reverse the overall
trend that the transportation sector is hcading toward a
system of high energy intensity. The shares of the railways
and waterways in transport in China are still dcclining,
and the share of public transport is still shrinking due to
rapid growth in private cars. Construction of‘comprchcn—
sive transportation systems remains weak. The institutio-
nal barriers to freight transport modal shift and the esta-
blishment of a scamless transition system for passenger
transport have not been eliminated. In recent decades,

FIGURE 5-1. Energy intensity changes of the transportation sector
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TABLE 5-1. Achievement of main indicators in the 12th FYP for energy consumption and emissions reduction

of roads and waterways

2015
INDICATORS 2010 '(l;/?)RGET 2014 (%) :gf’llj;cl;:-ﬁAE.l:‘:E
Reduction rate of energy consumption per ton-km of road transport (%) 6.2 10.0 12.3 123%
Of which, passenger vehicles (per person-km) 5.8 6.0 124 207%
freight vehicles (ton-km) 64 12.0 12.6 105%
Reduction rate of energy consumption per ton-km of shipping (%) 89 15 18.74 125%
Of which, inland shipping 101 14 21.85 156%
Ocean shipping 8.29 16 16.87 105%
Energy consumption per ton of port throughput (%) 7.55 8 16.02 200%

Note: The reduction rates listed in the table are compared with those in 2005, in percentage points. The levels for 2011-2013 are

calculated based on data from the Mid-term Evaluation Report for the 12th FYP of Transportation Development (document

JGHF No.2013). The levels for 2014 are calculated based on data from the Statistical Bulletin of the Development of Transporta-

tion Sector in 2014

TABLE 5-2. Main targets for railways and civil aviation energy efficiency improvement

2015 VALUE IN
INDICATOR UNIT 2010 2015 TARGET 2015 TARGET
Energy efficiency of railway transport  tce/ million ton-km 5.01 476 5% 4.68 132%
Energy efficiency of air transport kgce/ ton-km 0450 0428 5% - -

Data Source: 2015 Railway Statistical Bulletin; 12th FYP for Energy Conservation and Emission Reduction

the overall energy efficiency level of freight and passen-
ger transport has changed from increase to decrease, and
the downward trend is slow.” Energy consumption per
ton-km of transport in 2012 was higher than the level in
1995, but compared with 2005, when the national binding
target for energy conservation and emissions reduction
began to be implemented, it has been greatly reduced.

During the 12th FYP period, the transportation sector
has made steady progress in technical energy conserva-
tion, which is mainly reflected in the following factors.

As of 2014, the overall energy efficiency levels of road pas-
senger transport and inland waterway transport, and per
port throughput all surpassed the improvement goals set
in the 12th FYP and the achievement rates of the goals are
207%, 156"0 and 200% rcspectivcly. Encrgy consumption
per ton-km turnover of freight vehicle and ocean-going
shipping achieved their target levels both by 105% (see
Figure 5-1).

11 The passenger and freight turnovers are combined according to the method
of the China National Statistics Bureau, which the research group has mo-
diﬁ('d based on literature review, with fa”owing ratios are used to convert
passenger transport volume in person-km into freight transport turnover
ton-km: railways 1.5:1, aviation 10:1, waterways 3:1, roads 10:1.
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The energy consumption of the national railways in 2015
amounted to 15.70 Mtce, reduced by 834,000 tons from
the previous year, down by 5%. Comprchensive energy
consumption per transport turnover was 4.68 tee/million
ton-km, up by 0.13 tce/million tonkm from the previous
year, at a growth rate of 2.9%. Energy consumption of
main transport businesses per transport turnover stood
at 4.05 tee/million tonkm, 0.15 tee/million ton-km higher
than the previous year, or a growth rate of 3.8% (see Table
5-1 and Table 5-2).

In order to address the energy and environmental pro-
blems caused by the constant growth of vehicle ownership
and to further improve the fuel efficiency levels of vehi-
cles, the Chinese government introduced the Phase IV
Standard for Passenger Vehicle Fuel Eﬂ?cicncy at the end
of 2014, which came into effect on January 1, 2016. The
Phase IV Standard introduced the concept of Corporate
Average Fuel Consumption (CAFC) and automobile ma-
nufacturers are required stay below the maximum limits
for CAFC. The CAFC of each manufacturer is calcula-
ted based on the fuel efficiency of each type of passenger
vehicles they produce and the vehicle type structure of
their vehicle production. The CAFC standard ensures
the overall fulfillment of the vehicle energy conservation
objcctivc, and leaves greater ﬂcxibility to vehicle manu-



factures on their compliancc strategy. Hence, it hclps
promote technical progress and vehicle type mix optimi-
zation in the auto—manufacturing industry, as well as the
coordinated dcvclopmcnt of traditional vehicles and new
energy vehicles.

TABLE 5-3. Reductions in Corporate Average Fuel
Consumption (CAFV)

RATIO BETWEEN ACTUAL

YEAR CAVP AND THE TARGET LEVEL
OF CAFV

2012 109%

2013 106%

2014 103%

2015 and after 100%

Data source: Standard for Improving the Fuel Efficiency Le-
vels of Passenger Vehicle

Statistics indicate that the CAFC of new passenger vehi-
cles made in China was 7.22. L/100 km in 2013. In particu-
lar, the level of joint venture brands was 7.30 L/100 km,
the level of Chinese brands 6.95 L/100km, and importcd
automobiles 9.05 L/100 km. To achieve the target of lowe-
ring the fuel consumption level of passenger vehicles to
5 L/100 km by 2020 set by the Chinese government for
the 13th FYP period, the fuel consumption level of new
vehicles should be reduced by 6%-7% annually on average.
Without the contribution of new energy vehicles, howe-
ver, this objcctivc will be hard to realize (see Table 5—3).

5.1.2 REVIEW OF MAIN POLICIES IN
PROMOTING TRANSPORTATION ENERGY
EFFICIENCY

The transportation sector has experienced some leapfrog
development after the reform and opening-up. Rapid
development also brings about many problems in en-
ergy conservation and emissions reduction, such as poor
transportation mode mix, high energy intensities, incom-
plete energy consumption standards and labels, etc. To
tackle these problems, the Chinese government has enac-
ted various policics to promote energy conservation and
emissions reductions in the transportation sector.

Institutional setup

The Law on Energy Conservation, revised in 2007, specified
the energy conservation tasks of the transportation sec-
tor. In order to implement the relevant requirements of
the revised Law on Energy Conservation, relevant transpor-
tation sub-sectors have made their own energy conserva-
tion and emissions reductions plans and set their energy
conservation objectives. In 2007, the Ministry of Railways
issued the Suggestions on the Implementation of Strengthe-

ning Railway Energy Conservation, and released the Energy
Conservation and Comprchcnsive Utilization Plan for Rai-
lways during the 11th FYP Period and the Environmental Pro-
tection Plan for Railways during the 11th FYP Period. These
documents set the following targets: energy consumption
per RMB of transportation revenue should be reduced
by 20% cornparcd during the 11th FYP pcriod from the
level in 2005, water consumption per person-km and per
ton-km of transport turnover should be reduced by 30%,
and gross emissions of main pollutants should be reduced
by 10%. In 2008, the Ministry of Transport enacted the
Measures for the Roads and Waterways Transportation Sector
to [ mplcmcnt the Law of Energy Conservation, and released a
Medium and Long-term Dcvclopment Program for the Energy
Conservation of Road and Waterway Transportation. The
documents set the following main objcctivcs of energy
conservation and emissions reductions for road and wa-
terway transport: compared with 2005, by 2010 and 2020,
the energy consumption per ton-km of road freight trans-
port should decrease by 5% and 6% respectively; the ener-
gy consumption per tonkm of waterway transport shall
be reduced by 10% and 20% respectively. In particular, the
energy consumption per tonkm transport turnover of
sea-going ships should be reduced by 11% and 20% respec-
tivcly; while those for inland shipping are 8% and 20%
respectively. The comprehensive energy consumption per
ton of port cargo throughput should be reduced by 5%
and 10% rcspcctivcly. The Civil Aviation Administration
established a lcading group for energy conservation and
emissions reduction in August 2008 and released the No-
tice on Comprchensivcly Carrying out Energy Conservation
and Emissions Reduction of Civil Aviation and the Energy
Conservation and Emission Reduction Plan for Civil Aviation
during the 11ith FYP Period. Energy conservation and emis-
sions reduction was carried in every aspect of civil avia-
tion. In accordance with the 1th Five-Year Dcvelopmcnt
Plan for Civil Aviation, by 2010, the energy cfficicncy of
civil aviation should be improvcd by 10% from the 2005
level (pcr ton-km oil consumption for airliners and per
pcrson/timc clcctricity consumption level for airports),
striving to reach 20% improvement ]oy 2020.

|mproving transportation energy conservation

standards and labeling

Fuel cconomy assessment is organizcd for all vehicles in
operation. In 2007, the Ministry of Transport proposcd
the Special Action Plan for the Fuel—eﬁcicncy-bascd Market
Access and Exit of Operating Vehicles. Afterwards, the Mi-
nistry of Transport also issued supporting policics for the
implcmcntation of the Special Action Plan, including the
Administration Measures for Inspecting and Monitoring the
Fuel Efficiency Levels of Road Transport Vehicles and further
defined the Working proccdurcs and spcciﬁc require-
ments of all stages in the implcmcntation process, which
providcd institutional guarantees for the inspection, su-
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pervision and administration of the fuel cfﬁcicncy per-
formance of on-road vehicles. The Ministry of Transport
released the Scheme for Economic Incentive Policies for the
Early Phase-out of Energy Incfﬁcient Vehicles (draft).

Another important policy is improving the fuel economy
standard system of vehicles and implementing the fuel
consumption transparency and labeling system. In 2005,
the Limits of Fuel Consumption Levels for Passenger Vehicle
were jointly enacted by the General Administration of
Quality Supervision, Inspection and Quarantine and
the Standardization Administration. In 2007, the Stan-
dardization Administration released the Limits of Fuel
Consumption Levels for Light Commercial Vehicles. In 2009,
the Ministry of Industry and Information Technology
enacted the Administrative Provisions for the Fuel Consump-
tion Labeling of Light Duty Vehicles. These provisions clearly
defined the inspection, reporting, filing, labeling, publi-
cation, supervision and penalties, etc. regarding the fuel
consumption level labeling of vehicles, further improving
the automobile oil consumption transparency and labe-
ling system.

The implementation of pilot and demonstration
projects

a. A program of bui]ding pilot cities for low-carbon

transportation systems was implemcnted. As many as 26
cities have participated in the pilot work and shared their
experiences. b. The green and low-carbon transportation
regiona] and thematic pilot work. Ten cities, inc]uding
Chongging and Xiamen, have been selected for the regio-
nal pilot work. Four ports, including Tianjin and Qing-
dao, and six highways, inc]uding Guangdong’s Guang—
Zhou—Zhongshan—]iangmcn Expressway and  Yunnan's
Maliuwzm—Zhaotong Expressway, have been included in
thematic pi]ot programs. c. Spccial low-carbon action
for Top 1,000 Enterprises in respect of vehicles, shipping,
roads and ports. d. The pi]ot project of:encrgy consump-
tion data collection and monitoring of key enterprises.
The pilot project was coordinated by four provincial
transportation departments and the participants in-
cluded 27 road transport enterprises, 14 waterway trans-
port enterprises, and 42 port operation enterprises. The
energy consumption of these enterprises was monitored,
and the data collected and analyzed.

Policy measures for key fields

Priority is given to public transit dcvclopment. The Gene-
ral Office of the State Council forwarded the suggestion
of the Ministry of Construction to give priority to the
devc]opment ofpublic transit in Septcmbcr 2005, and is-
sued suggestions for improving public transit infrastruc-
ture, optimizing public transit structure, guaranteeing
road use priority public transit vehicles.
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The restrictions on small—cnginc vehicles were abolished.
Based on the suggestions of the NDRC and other govern-
ment agencies, the General Office of the State Council
announced the government policy of encouraging the
use of small—cnginc vehicles for energy conservation and
environmental protection in December 2005. The sugges-
tions proposcd the formulation of relevant supportive
policies and measures and requested local governments
to abolish various restrictions on small engine vehicles,
which are often of high energy efficiency and low pollu-
tion emission.

Phasing out outdated vehicles and equipment. The Mi-
nistry of Transport issued the Announcement on Launching
the Implementation Scheme on Early Elimination of Single-
hull Oil Tankers for Domestic Voyages in 2009. This docu-
ment provides basis for the compulsory elimination of
inefficient and outdated ships, further shortens the ser-
vice lives of single-hull oil-tankers, and encourages ship-
owners to construct and use oil tankers that comply with
international standards and the national inspection cri-
teria for domestic shipping.

Another priority area is strengthening the energy conser-
vation management of transportation. Road transporta-
tion management is optimized to achieve the targets of
energy conservation and emissions reduction through
the following measures: developing express cargo delivery
and the construction of logistics information platforms,
improving the mileage and capacity utilization rates of
freight vehicle, enhancing the actual load rate of passen-
ger vehicles through intensive management, and imple-
menting electronic toll collection networks for highway
usage. The fuel efficiency of civil aviation is increased by
retrofitting aircraft, accelerating aircraft upgrading, and
phasing out highly energy-inefficient and obsolete air-
crafts.

Fiscal and tax policics. The Chinese government has
enacted a subsidy policy to promote energy Cfﬁcicncy.
Approvcd by the State Council, the spccial fund for the
retroﬁtting of obsolete ferries in rural areas has been es-
tablished and the Funding source is the vehicle purchasc
tax. A document on the Management Measures for the Use
of the Special Subsidy Fund for Obsolete Ferries in Rural Areas
has been published. The Ministry of Finance and the Mi-
nistry of Science and Technology had enacted a Notice on
Carrying out the Demonstration, Promotion and Pilot Work
of Energy Conservation and New Energy Automobiles and the
Interim Methods for the Management of the Fiscal Subsidy
Fund for the Demonstration and Promotion of Energy Conser-
vation and New Energy Vehicles.

Advance the development of road swap trailer trans-
portation. Actively coordinate with relevant sectors and
establish the special fund for pilot swap trailer transpor-
tation, remove the barriers to the mandatory traffic lia-



bility insurance system for trailers, select and release two
batches totaling 75 recommended models of swap trailer
transportation, determine two batches of 95 projects in-
corporatcd into the national pilot swap trailer transpor-
tation, driVing cight provinces (autonomous regions and
municipalitics dircctly under the central govcrnmcnt),
including Shandong, Jiangsu, Fujian, and Guangdong, to
initiate provincial pilot swap trailer transportation.

Promote the application of natural gas equipment in the
transportation sector. The government organizes pilot
for the promotion of natural gas automobiles in intercity
passenger and freight transport and explores the poten-
tial of using LNG as a fuel for shipping, including a re-
search project and pilot operations of LNG-based inland

shipping.

Establishing a special fund mechanism

The government has established and is improving a spe-
cial fund incentive mechanism for energy conservation
and emissions reduction in transportation. The Ministry
of Finance and the Ministry of Transportation jointly
established the spccial fund for energy conservation and
emissions reduction of transportation in 2011 and selec-
ted the priority areas for implementation. Since the es-
tablishment of the spccial fund, the concept of offering
rewards, instead of subsidies, has been implcmcntcd for
a total of 413 projects. The total amount subsidy fund dis-
tributed is RMB 750 million, rcalizing an annual energy
conservation of 158,000 tee, 262,000 toe of fuel consump-
tion switch to less carbon intensive forms of fuel, and
699,000 tons of CO, emissions reduction. During the 12th
FYP period, the central government allocated in its bud-
get a total of RMB 3.23 billion for energy conservation
and emissions reduction in transportation. Jiangsu, Shan-
dong, Hubei and a few other provinces also established
a special fund for energy conservation and emissions re-
duction in local transportation. This gives full play to the
crucial role of the special fund for energy conservation
and emissions reduction in social and economic devclop—
ment, Cffectivcly bringing about the in—depth promotion
of transportation energy conservation and emissions re-
duction work.

5.2 PROSPECT FOR ENERGY
CONSUMPTION IN THE

TRANSPORTATION SECTOR
(TWO SCENARIOS, BY 2050)

5.2.1 METHODOLOGY

Along with economic and social dcvclopmcnt and impro-
vements in liVing standards, passenger and frcight trans-
portation demand will see sustained and stcady growth.

/\long with continuous improvement in the transport sys-
tem, the future growth momentum of energy consump-
tion in China’s transportation sector will be strong. This
study to project the future energy consumption forecasts
for the Chinese transportation sector is mainly based on
scenario analysis using the Long-term Energy Alternative
Planning (LEAP) system. The scenarios are dcsigncd to
take full consideration to the following factors: the social
and cconomic development targets set in government
plans, the latest progresses in resources, environment
and technology, geopolitics both home and abroad, the
selection of different industrialization and urbanization
pathways, and expert judgments and analyses regarding
potcntial levels and trends in transportation energy
consumption and carbon emissions.”

This study divides the Chinese transportation system
into urban passenger transportation, intercity passenger
transportation and freight transportation, and conducts
a comprehensive analysis of the demand for transporta-
tion energy consumption. In the case of urban passenger
transportation, the analysis focuses on the energy conser-
vation and emissions reduction potential from the opti-
mization of the transportation model in different city
types, fuel switch and technical advances. For intercity
passenger transportation and freight transportation, the
analysis focuses on the energy conservation and emis-
sions reduction potential from the optimization of and
changes to roads, railways, waterways, aviation and other
modes of transportation and technical advances. Accor-
dingly, the projection of energy demand in the trans-
portation sector also divides into energy consumption
for urban passenger transportation, intercity passenger
transportation, and freight transportation (see Figure
5-2). Railway transportation includes energy consump-
tion during transportation (traction and auxiliary tra-
vel), but excludes energy consumption during auxiliary
processes (while in stations); road transportation energy
consumption refers especially to the fuel consumption
of operational road vehicles; waterway transportation
energy consumption mainly refers to the fuel consump-
tion of inland river, coastal and ocean-going ships; avia-
tion transportation energy consumption refers to the
fuel consumption of civil aircraft; and urban passenger
transportation energy consumption refers to the energy
consumption of public transit in urban areas (buses/elec-
tric buses, taxis), rail transportation, private vehicles and
motorcycles.

Transportation energy consumption in China’s existing
statistics only includes the energy consumption of opera-
tional vehicles, including public transport, private vehi-
cles, and vehicles of industrial enterprises. However, en-
ergy consumption in stations, like the supply of heating,

12 The base year of this research is 2010.
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FIGURE 5-2. Transportation Model Framework
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lighting and buildings, is also included. In order to better
reflect energy consumption in transportation, data from
the energy balance sheet are adjusted based on technical
parameters, including vehicle fuel economy, annual travel
mileage of vehicles, empty trip ratio, load rate, etc. By lin-
king energy consumption to the number of vehicles and
the relationships between transportation activity levels,
transportation structures and energy consumption inten-
sities, data for the base year are adjusted for projections
of future energy consumption. During the data adjust-
ment process, different energy types are checked against
the number of vehicles, running mileage, fuel consump-
tion per hundred kilometers, turnover, overload, and
empty trips. 'The connection between transportation
turnover and vehicle energy consumption is analyzed.
For example, when calculating the diesel consumption of
freight trucks, it was found out that in 2010, there were
10.5 million trucks in operation in China, including 9.96
million ordinary trucks and 540,000 special trucks. The
correlation is made by combining the average figure for
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tonnage, annual trip distance, empty trip ratio, and ac-
tual load rate of different types of trucks with the freight
turnover (4.4 trillion ton kilometers in 2010). Then a
correction is made to diesel consumption in the energy
balance sheet in accordance with the total annual vehi-
cle kilometers traveled (VKT) on the basis of the annual
mileage of the vehicle and the number of vehicles, as
well as fuel consumption per hundred kilometers, actual
load rate, etc. Through this method, a connection is esta-
blished between vehicle, turnover and energy consump-
tion data. In the future, the energy consumption of road
freight can be added bottom-up on the basis of the varia-
tion trend and the potential of a series of physical para-
meters such as number of vehicles, fuel consumption per
hundred kilometers, annual running mileage, actual load
rate, etc. (see Figure 5-3).

After adjustment, the energy consumption of the trans-
portation sector in China in 2010 was estimated as 306
Mtce, accounting for 10% of the national final energy
consumption. Based on the quantity of’ equipment, fuel



FIGURE 5-3. Establishing the connections between turnover, energy consumption and vehicles
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TABLE 5-4. Energy consumption for each type in transportation sector after adjustment in 2010: 1,000t (tce)

GASOLINE DIESEL KEROSENE FUELOIL LPG

COAL

NATURAL GAS HEATING ELECTRIC TOTAL

99,200 154,040 23,560 18,380 580

250

4,490 559 2,850 306,330

cfficiency, load rate, unloaded ratio, actual load rate and
other physical parameters, total energy consumption is
allocated to each transportation mode and sub-sector by
a combination of top-down and bottom-up methods (see

Table 5-4).
5.2.2 KEY ASSUMPTIONS

This study makes the following assumption about eco-
nomic and social development before 2050. By that
year, China will reach the economic level of a modera-
tc]y dcvclopcd country at that time, with a GDP of USs
44 trillion, a per capita GDP of USs 32,000 (at constant
prices in 2010), and an urbanization rate of 78%; and the
environmental qua]ity will be Fundamenta“y improvcd.
China will realize the vision of Beautiful China: blue sky,
green land, green hills, clear water, livable environment,
and high work satisfaction. China will construct a mo-
dern energy production and utilization system with ad-
vanced concepts, high—efﬁcicncy, low-carbon emissions,
clean and environmentally friendly, advanced in techno-
logy, and cost-effective.

Economic and social development is a major driver for
transportation demand. In the future, energy consump-
tion in the transportation sector will mainly be related
to transportation demand, including activity level, trans-
portation structure and efficiency of equipment.

Activity level is the most important factor affccting
future energy consumption in China’s transportation
sector. The leading driver of activity levels is GDP. This
study mainly adopts the methods of historical trend re-
gression, elastic analysis and reference to international
experience, to determine the ﬁ'cight and passenger tur-

nover of the transportation sector in China by 2050. The
factors nffccting passenger and frcight turnover also in-
clude changcs in the national economic structure, optimi-
zation of industrial mix, and emerging new tcchnologics
like 3D printing. The changcs in economic structure and
the transformation in growth patterns may reduce the
frcight transportation demand for such basic materials as
steel and cement comparcd with the Reference Scenario,
and the contents and distances of frcight transportation
will also be changcd. After the possiblc optimization
of industrial mix, the distance between the production
and consumption areas can be shortened. Production
and consumption will be conducted locally and near
cach another, to reduce the demand for 10ng—distancc
and 1argc—scalc transportation of goods. chhnologics of
the third industrial revolution like 3D printing can hclp
promote local production and reduce frcight transporta-
tion demand. The rapid dcvclopmcnt of information and
communication tcchnologics may reduce the demand for
intercity passenger travel services. In addition, ICT tech-
nology, home offices, improvements in 10gistics, better
urban planning and layout and other factors will affect
the travel activity levels of urban citizens.

Optimization of transportation structures may bring
about huge energy savings, but it has a longer implemen-
tation cyclc and faces more difficulties. Due to the cur-
rent status of the transportation infrastructure and the
growing service demand in China, there is great potential
for changing the transportation structure. The leading
directions ofchangc include rcplacing road frcight trans-
portation with railways and waterways transport, impro-
ving freight vehicle structure by promoting larger trucks,
increasing the role of pipeline transportation, replacing
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civil aviation and road transportation with high—specd
railways in intercity passenger transportation, increasing
the share of public transit in urban passenger transpor-
tation, rcducing use of private vehicles and rtaxis, and
discournging the owncrship and use of private vehicles.
The transportation structure of the future is analyzcd by
taking full consideration of the existing traffic infrastruc-
ture pl:ln, experiences in dcvelopcd countries, domestic
resource endowment and gcographic conditions.

Efficiency improvements provide an effective instrument
for slowing down the increases in the energy consump-
tion of the transportation sector. The influence of efhi-
ciency improvements on energy consumption comes
not only from the efficiency improvements to trans-
portation equipment, but also from the influence of
advanced management technologies such as swap trailer
transportation, logistics information technology on en-
ergy consumption in the transportation sector. Drop and
pull transportation can improve the intensity of road
freight transportation, reduce the vacancy and improve
the utilization rate of logistics infrastructure, including
vehicles, parking areas, and warchouses, and reduce the
energy consumption of vehicles, infrascructure construc-
tion, maintenance and operation. Modern information
network-based intelligent transportation systems can im-
prove efficiency, reduce the empty trips of vehicles and
achieve the goals of energy conservation.

In order to better grasp the developing trend of trans-
portation energy demand in China and discuss the in-
fluence of policies on that demand, and in designing the
scenario, the research group has compared the evolution
of the transportation sector at home and abroad and fully
considered the evolution of the new technologies. The po-
licy implementation rate is also increased to increase the
energy Cfficicncy of the Chinese transportation sector in
the future. Based on these factors, the research team de-
signed two scenarios:

The Reference Scenario. This scenario assumes that the
main social and economic objcctivcs of the government
can be realized smoothly, and that urbanization and in-
dustrialization will be the main features of China's socio-
economic development during the 13th FYP period and
the decades to come. In the transportation sector, such
a Scenario has the Fo”owing implications: the construc-
tion of infrastructure such as roads, bridgcs7 rai]ways, ci-
vil aviation, will progress smoothly; high-speed railways
and expressways will maintain the current trends of‘rapid
growth; the construction of regional aviation will conti-
nue at high speed; and the ownership of private vehicles
will constantly rise as residents' incomes increase. After
industrialization generally completes by 2030, the growth
in passenger and Frcight transportation service demand
will be slow down. Within the modc]]ing pcriod7 no

82 | CHINAENERGY EFFICIENCY SERIES

disruptive changc or major technical brcakthrough will
appear in the Chinese economic system, industrial mix,
passenger or frcight transportation structure, the energy
cﬂicicncy level in different transportation modes, as well
as the dcvclopmcnt of alternative fuel tcchnologics, al-
though some gTadual advancement is expccted.

Intensified Energy Conservation Scenario (the IEC
Scenario). Compared with the Reference Scenario, this
scenario includes important breakthroughs in energy
conservation and low-carbon technologies and their wide
application. Important measures are also taken to guide
consumer behavior change for sustainable consumption,
promote improvements in energy cﬁiciency, optimize
mode of transportation, encourage the use of clean and
high-efficient transportation equipment, and promote
technology progress in the transportation sector. Ano-
ther assumption is that the government’s policies for the
economic structure optimization and promotion of the
energy revolution will achieve remarkable effects. In this
scenario, the international environment is more suppor-
tive for the development of clean and low-carbon techno-
logies. International technical and funding cooperation
will lead faster progresses in the research and develop-
ment of new technologies for low-carbon development.
Also, it is assumed that the Chinese transportation sector
realizes revolutionary transformation: under the precon-
dition of meeting the established economic and social
objectives, the sector also sees great improvements in its
activity level, model structure, and energy conservation
technologies.

5.2.3 ANALYSIS OF THE MODELING RESULTS

Transportation energy consumption and oil use

maintains constant growth in the Reference Scenario

In line with the existing pattern of economic and social
development, more people will move into large cities and
eastern coastal regions, and no breakthrough is achieved
in industrial transformation or upgrading. To meet the
mobility demand, the growth rates in transportation tur-
nover will be doubled. In order to meet the demand for
transportation services, by 2050, the freight turnover will
increase 3.9 times, passenger turnover 4.9 times, and the
ownership of private vehicles 5.9 times (see Figure 5-4).

By 2050, energy consumption in the transportation sec-
tor will reach 135 Gtee, an increase of 3.4 times from 306
Mtce in 2010. The average annual growth rate between
2010 and 2050 is 3.8%; specifically, the speed of growth
before 2030 will be faster and the annual growth rate will
exceed 6%. The growth speed during 2030-2050 will be-
come slightly lower, with an annual growth rate of about
1.5%. Energy consumption in transportation is unlikely
to peak before 2050. In the final energy consumption
mix, the consumption of diesel will be 617 Mtce by 2050,



double the diesel consumption in 2010 and accounting
for 45.7% of final transportation energy consumption;
the share is slightly lower than the level of 50.3% in 2010.
A]though private vehicle owncrship increases 5.9 times,
the consumption of gasolinc only increases 1.2 times, with
gross consumption at 273 Mtce, the second largcst fuel
type in transportation energy consumption. This reflects
improvements in fuel cconomy and fuel substitution. Na-
tural gas consumption will increase from approximatcly
1% in 2010 to 13.3% in 2050, reaching 179 Mtce, or 134.9
billion m? of natural gas. Natural gas, as the alternative
fuel for vehicles and ships, will be of strategic importance
if urban air pollutions are to be alleviated. The consump-
tion of aviation kerosene will increase signiﬁcantly due
to the rapid devclopmcnt of air transport, rcaching 148

Mtce in 2050, accounting for 11.0% of final transportation
energy consumption. Growth of clcctricity consumption
will be limited, only accounting for 3.0% of final traffic
energy consumption in 2050, mainly due to the absence
of tcchnology brcakthroughs in electric vehicles. In addi-
tion, bio-fuel use will see a slight increase. Oil products
remain the main fuel for transportation sector. The pro-
portion of fossil fuel will slowly reduce from 97.3% in 2010
to 81.0% in 2050, when oil product consumption will be
1.09 Gtee. Major changcs will take placc in the shares of
different oil products. The ratio between gasolinc and
diesel consumption will change from 0.64 in 2010 to 0.44
in 2050. The proportion of diesel in the consumption of
oil products will experience big changcs, thus rcsulting in
great challcngcs to the oil—rcﬁning industry.

FIGURE 5-4a. Change in transportation energy demand and energy mix in the reference scenario
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The frcight transportation sector remains a major source
of transportation energy consumption. Frcight transpor-
tation will pursue highcr levels of cfiicicncy and conve-
nience. The proportion of waterways and railway frcight
transportation will shrink gradually, while road frcight
transportation will see its share increasing yearly. In ap-
proximatcly 2030, road will overtake waterways and be-
come the most important mode offrcight transportation,
and the transportation energy consumption intensity of
road trucks is much highcr than that of waterway ship—
ping. Therefore, the freight transportation is :1ctually
dcvcloping towards highcr energy intensity. Accordingly,
the energy consumption of road frcight transportation
will be 670 Mtce, accounting for more than 75% of freight
transportation energy consumption and approximatcly
50% of final transportation energy consumption. Both
the energy consumption and its share will be very consi-
derable. In terms of the different fuels used for freight
transportation, diesel will be the most important fuel,
accounting for 74% of frcight transportation energy
consumption in 2010 and 62% in 2050. The main energy
alternative to diesel is natural gas. The vehicle models uses
will be mainly hcavy trucks and light trucks. The organi-
zation and cfiicicncy of frcight transportation logistics
are poor, and the dcvclopmcnt level of third—party logis—
tics is low. Before 2050, this will see some improvement,
but there will be no fundamental changc to the dominant
role of road transportation in frcight transportation.

Intercity passenger transportation energy demand will
see a strong momentum for growth and a shift towards
high levels of efficiency and speed. The proportion of wa-
terway and railway passenger transportation will decline
year by year. Aviation's share in passenger transporta-
tion will increase to 20% by 2050, but its share of energy
consumption in intercity passenger transportation will
rise to 56%. Meanwhile, the share of road passenger trans-
portation will remain stable and it will continue to be
the most important mode of passenger transportation.
Road transportation will undertake 53% of intercity pas-
senger transport in 2050 and its share in intercity passen-
ger transportation energy consumption will be 37.4%. The
passenger transportation turnover undertaken by the
railways will be reduced to 27% in 2050, and the energy
consumption will be 6.6%. Since waterways are generally
an inconvenient form of passenger transportation and
restricted by a wide range of conditions, their service
level and energy consumption will be very limited. As
for the energy mix in intercity passenger transportation,
aviation kerosene and diesel are the main fuel categories.
Aviation kerosene will account for 55% of intercity pas-
senger transportation energy consumption in 2050 due to
greater popularity of civil aviation. Diesel is mainly used
by intercity buses and will account for 31% of the intercity
passenger transportation energy consumption in 2050, a

84 | CHINAENERGY EFFICIENCY SERIES

slight decline from the level in 2010. Natural gas is an im-
portant clean alternative vehicle fuel. Compared with the
base year, the shares of electric power, LPG and gasolinc
will not changc much.

The energy consumption of urban passenger transporta-
tion will peak in 2040. As the urbanization process acce-
lerates, the population living in cities will increase yearly,
but the growth rate will significantly slow down after the
urban populations reaches 980 million by 2030. Affec-
ted by urbanization, improvements in urban passenger
transportation and progress in technical efficiency, ur-
ban passenger transportation energy consumption will
peak in 2040 at 310 Mtce. The main factors behind the
peaking are the stability of the urban population size and
the gradual saturation in urban mobility needs. Compa-
red to the level in developed countries, China still has
some space to further improve the model structure of its
urban passenger transportation structure, but the energy
consumption of its urban passenger transportation is ex-
pected to peak before 2050. From the perspective of the
energy mix of urban passengers, gasoline is the main fuel
for urban passenger transportation energy consumption.
In 2050, gasoline is projected to account for 76% of urban
passenger transportation energy consumption, mainly
because of its use as fuel for small private cars. The pe-
netration rate of electric vehicles will be approximately
30% of private vehicles and taxis, but the proportion of
their energy consumption will be limited, approximately
9% of the total energy consumption of urban passenger
transport. Natural gas, ethanol and diesel will be used as
fuel for taxis and buses, and the change will be moderate
compared with that in the base year.

Rapid growth in the energy consumption of

transportation imposes challenges for sustainable

transportation development

Rapid growth in demand creates huge pressure for ener-
gy safcty. The energy consumption in the transportation
sector is mainly in the form of petrolcum. In the Refe-
rence Scenario, oil product consumption will reach 1.09
Gtcee, and its share in the final traffic energy mix in 2050
will rise to 81% (see Figure 5-5). If the proportion of oil
consumption in the transportation sector in the whole of
society remains unchangcd, then due to the limited space
for further increase in domestic oil production, the gap
between supply and demand can only be satisfied through
imports. China's dependence rate on oil import will gra-
dually increase from 59.5% in 2014 to 88.0% in 2050.”
This is 20% highcr than the record higli oil import depcn—
dence rate of 67% in the history of the United States, and

13 It is assumed conservatively that oil product consumption in other sectors

remains um‘/iangcd bascd on 2010.



FIGURE 5-5. Historical trends and projections of future oil production and consumption
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will bring in high risks and uncertainties to China’s geo-
political position. Along with the rise in the dependence
rate on oil import, fluctuations in international energy
prices will hugely influence China's domestic economic
activities. Oil products, as the main fuel in the transpor-
tation sector, are an important component of overall
production costs. Rises in oil prices will cause highcr
costs of the transportation and increases in the costs of
private vehicle trips. These influences will be transmitted
through supply chain and create a risk of inflation for the
whole of’ society.

Transportation-related emissions will exacerbate envi-
ronmental and climate change problems. Today, China
faces severe environmental problems. Each year, the
BCijing—Tianjin—HCbci region, the Yangtze River Delta,
and the Pearl River Delta are covered in heavy smog for
more than one hundred days, affecting a population of
approximately 600 million. In some cities, the number of
days with heavy smog even exceeds 200. One important
factor behind the bad smog poiiution is the pollutant
emissions from the use of motor vehicles. NO, emissions
mainly come from motor vehicles, power plants and
industrial combustion. At least 74% of the near-surface
NOx concentrations are from motor vehicles. Motor vehi-
cle emissions are close to the ground and lower than the
emissions from other sources, thus making it the main
source of near-surface NO_ concentrations. The PM2s
content of motor vehicle emissions is also high, but the
sources ofPMz.; poiiution are diversified and the mecha-
nism of its formation is complicated. In addition to di-
rect emissions, PM2.5 pollution also stems from physical
and chemical processes occurring in the atmosphere. Its
chemical composition is compiicatcd and includes a va-
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riety of‘organic compounds. More than 50% of the PMb.5
contents are the products of various physic:ll and chemi-
cal processes in air and PM2.5 is a typical secondary pol-
lutant. The Paris Agreement adoptcd at the International
Conference on Climate Change in 2015 is the latest treaty
of the international community to jointly address climate
changc. It reflects the decision and will of all countries
around the world to promote green and low-carbon de-
velopment, and to make efforts to control global average
temperatures to within 2°C comparcd with the level be-
fore industrialization and to strive to control the tempe-
rature rise within 1.5°C. The transportation sector, as the
important sector for carbon emissions, should also make
a contribution to global carbon emissions reduction.

The existing development trend in transportation makes
improvements in living quality weak. During the past de-
cade, urbanization in China has been devcioping at twice
the world average rate. The problems caused by unplan-
ned urban sprawl are gradually noticeable. Irrational land
use, hugc infrastructural investment, increases in private
car owncrship, bad traffic congestion during rush hours,
and low utilization rates of urban roads and municipal
resources are causing a decline in the quality of urban
life. Urban residents spcnd iongr time commuting and
suffering from various environmental probiems in cities.
Urban sprawl increases the share of trips by private vehi-
cles. Private vehicles can improve access but have high
external costs in three aspects. The first external cost is
related to various impacts during vehicle uses, including
air poiiution, noise, water and soil poiiution, and traffic
accidents; the second externality related to vehicle life
cycle when cars are not running on road, including the
poiiution caused by vehicle production and disposai, land
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occupation for parking, and congestion in parking zones.
The last externality is closely related to transportation
infrastructure, including damage to urban landscape, the
barrier isolation effects on community life and the sepa-
ration effect on ecological environment.

In summary, in the Reference Scenario, if the transpor-
tation sector continues the existing development trends,
energy consumption will double by 2050, presenting se-
vere challenges to national oil security. At the same time,
it may trigger various environmental problems in urban
areas and climate change, impeding the country's pursuit
for sustainable development. Therefore, development of
the transportation sector must be reshaped to save ener-
gy and to change existing sustainable development modes
and trends.

Changing the energy-use mode under the

Intensified Energy Conservation Scenario can realize

multiple effects of energy conservation and energy

diversification

In the Energy Conservation Intensification Scenario, by
reducing and adjusting transportation service demand,
optimizing and changing the structure of transportation
services, speeding up the switch to clean fuels and signifi-
Cantly improving the energy efficiency level of transpor-
tation devices, final energy demand in the transportation
sector in 2050 will be reduced from 135 Gtce to 686 Mtce.
The diversification of transportation energy mix and the
shift to clean processes will be signifieantly accelerated
and the energy demand and carbon emissions of the trans-
portation sector will peak around 2035 (see Figure 5-6).

In the IEC Scenario, China will move towards an urba-
nization model in which 1:1rge7 medium and small cities
develop in a harmonious manner. The dominant role of
energy intensive industries will be replaced by a combi-
nation of a service sector and high value-added industry.
The internal space layout of cities, assisted by informa-
tion and communication technologies, can effectively re-
duce trips and improve the efficiency of transportation
systems. In the 1EC Scenario, the vision of constructing
high—efficiency, clean, green, low-carbon, convenient
and comfortable transportation systems will be realized;
transportation energy consumption, economic and social
progress and the environment will be decoupled; and the
transportation sector will be on the track of sustainable
development.

Under the IEC Scenario, great efforts will be made to
support low-carbon development of the transportation
sector, to meet the country's transportation service de-
mands, and to realize the decoupling of transportation
development from energy demand growth. China will
opt for a brand new industrialization pathway, adopt the
urbanization mode of coordinated development, opti-
mize transportation organization and management with
advanced technologies, and make efforts to improve the
energy efficiency of transportation devices. In the IEC
Scenario, despite slow growth in transportation energy
consumption, the transportation sector will be able meet
the national economic and social development's demands
for transportation services. Compared with 2010, the
transportation sector's final energy demand will peak
around 2035 and decline thereafter. By 2050, the trans-

FIGURE 5-6. Energy conservation potential and pathways in the I[EC scenario
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FIGURE 5-7. Final energy demand of the transportation sector under different scenarios
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portation sector's energy demand will be only 686 Mtce;
the annual growth rate of the final energy demand for
transportation during 2010-2050 will be 2.0%, just 0.42%
of the annual GDP growth rate in the same period. Com-
pared with the Reference Scenario, the final energy de-
mand for transportation in 2050 under the IEC Scenario
will be around half (see Figure 5-7), realizing the decou-
pling of transportation development and energy demand
increase.

Under the IEC Scenario, the transport sector will pro-
vide convenient and quick transportation services with
high energy cfﬁcicncy7 clean and diversified modes of
transportation, while its consumption of fossil fuel will
not see major increases. China will Vigorously dcvclop
alternative fuels and continuously improve the fuel eco-
nomy of vehicles. Future transportation energy demand
will see slow growth rates, and the energy mix will be si-
gniﬁcantly improvcd. Figure 5-8a shows the fuel mixes of
the transportation sector under the two scenarios. Under
the IEC Scenario, biofuel, natural gas and electric power
will become the fast growing fuel types in future traffic
energy consumption and electric will become the second
major fuel type, and natural gas the third one. During
the modcling pcriod, the annual growth rate of diesel
oil demand will be only 0.6%. The demand for diesel in
2050 will be 187 Mtce, an increase ofjust 20% from the
level in 2010. Along with signiﬁc:mt improvements in the
cfﬁcicncy of conventional gasolinc vehicles and the de-
Vclopmcnt of alternative fuels, gasolinc demand in 2050

will be only 48.64 Mtce, 50.9% less than the level in 2010.
Aviation kerosene demand will maintain a growth rate of
2.9% during the 2010-2050 period.

Under the IEC Scenario, the government will focus on
model innovation and technical progress for carly carbon
emissions pcaking and realize the dccoupling between
transportation dcvclopmcnt and carbon emissions. In the
IEC Scenario, in the future fossil fuel consumption of the
transportation sector will see slower growth. By 2050, the
pctrolcum demand in the transportation sector will be
only 230 M, increasing by just 14% from the level in 2010,
and just 31% of the petroleum demand in the Reference
Scenario at that time (see Figure 5-8b and Figure 5-9),
and it will pcak around 2035 at approximatcly 390 Mt
(550 Mtce). By 2035, the final energy demand of transpor-
tation will pcak at 720 Mtce. Carbon emissions will reach
1.43 Gt in 2035 but only 1.23 Gt in 2050, thus realizing
the decoupling between transportation development and
carbon emissions.

Under the IEC Scenario, the transportation sector will
see constant energy cfﬂcicncy improvement; its pollu—
tant emissions will be signiﬁcantly reduced; and urban
environment and transportation service quality will see
remarkable improvement. Such energy efficient trans-
portation modes as railways and waterways will see their
declining shares in the transportation services reversed.
Along with intelligent transportation system develop-
ment in urban passenger transportation, public tran-
sit will experience constant improvement in its service
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FIGURE 5-8a. Fuel mix of China’s transportation sector
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FIGURE 5-8b. Final energy demand and fuel mix under the IEC Scenario
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quality and a constant increase in its share in the urban
transportation services. At the same time, along with
technical advances, the energy Cfﬁciency of different
means of transportation such as the railways, roads, wa-
terways, and civil aviation will be remarkably improved,
and the transportation sector’s overall energy efficiency

level will remarkably higher (see Figure 5-10). Compared
with 2010, the energy consumption per 10,000 km will be
0.09 tce by 2050, approximately 40% lower; the energy
intensity of the transportation sector in terms of its GDP
contribution will be reduced by more than 60%.

FIGURE 5-9. Final energy demand and carbon emissions in the transportation sector under the |[EC scenario
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FIGURE 5-10. Overall energy efficiency evolution of the transportation sector under the IEC Scenario
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5.3 IDENTIFICATION OF HIOS
IN THE TRANSPORTATION
SECTOR IN CHINA

The energy efficiency improvement potential lies in both
transportation mode changes and efﬁciency improve-
ments to vehicles. The following is an analysis on the high
impact opportunities for energy-efﬁcient technologies
and structural optimization in the transportation sector
under the IEC Scenario. This is followed by discussions
on the main barriers and some recommendations on how
to overcome them.

5.3.1 TECHNICAL HIOS

HIO 1: Improve the fuel economy of trucks

To improve the fuel economy of trucks, tighter standards
for their fuel economy should be formulated. The key
effective technologies in reducing fuel consumption per
hundred kilometers by trucks include equipping trucks
with an aerodynamic structure, use of low rolling re-
sistance tires, tire pressure monitoring, improving the
thermal efficiency of engine, pressure recovery and elec-
trification accessory appliances such as pumps and air-
conditioning. To improve the fuel efficiency of on-road
trucks, the problem of frequent severe overloading of
trucks shall be addressed and policies shall support the
market shift to bigger trucks for freight transportation.

'Ihrough a packagc of energy cfficicncy improvement
plans and policics for truck energy cfficicncy improve-
ment, it is projcctcd that by 2050, the fuel cfficicncy of
China’s truck fleet can be improved by 45%, increasing by
20 percentage points highcr than the 25% cfficicncy im-

2030 2035 2040 2045 2050 2055

Year

provement under the Reference Scenario. This can lead
to an energy saving of 45.94 Mtce per year(see Figure 5-11).

The most cost-effective energy-saving opportunities lie in
improvements to engine cﬂicicncy, acrodynamic impro-
vements, and low rolling resistance tire tcchnology. For
the spccific cost and energy conservation capacity of each
tcchnology, see Figure 5-12. While the price of diesel is
kcpt at the level of RMB 7.76/L, except for hybrid power
and vehicle Wcight reductions, all other cncrgy—cfﬁcicncy
improvement tcchnologics are cost-effective. To achieve
the objectivc of improving the fuel economy of trucks by
45% (assuming the operation life of trucks is at seven years
on avcragc), about RMB 390 billion (at constant prices in
2010) of investments is needed to updatc truck—driving
software, tire monitoring, the electrification of :1uxiliary
functions and to improve engine ci:ficicncy, aerodynamic
pcrformancc and the use of other tcchnologics.

There exist some barriers to improvements to truck fuel
economy. First, the fuel economy standards for trucks in
China are not strict enough, and the enforcement rates
of the standards are low. In the future, China needs to
tighten the standards and improve the compliance rate
of the standards. At present, overloading and empty trips
of trucks in China is an extremely serious problem; they
dramatically increase the actual fuel consumption levels
of truck. The administration agencies for transportation
should find a way to cﬂéctively eliminate the overloading
of trucks and improve the safety of trucks during on-road
running. The emissions of a truck are many times those
of an ordinary light vehicle. To address the problem of
air pollution, more restrictions shall be enacted on truck
emissions in the future. This will also indirectly lead to
fuel economy improvement of trucks. Another barrier
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FIGURE 5-11. Energy-saving potential from inmproving truck fuel economy under the IEC Scenario compared

to the Reference Scenario
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is that truck manufacturing enterprises attach lictle im-
portance to energy conservation tcchnologics, and their
technical research and dcvclopmcnt cap:lbilitics are low.
These are all important factors affccting the upgrading of
truck fuel economy.
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HIO 2: Improvements to the fuel economy of light

passenger vehicles

Currently, China is implcmenting Phase IV of the Stan-
dard for Fuel Consumption Limits of Light Passenger Vehicles.
The standard for the first three phases has played a very
important role in promoting the fuel economy of 1ight
passenger vehicles in China. In the future, the mandatory



FIGURE 5-13. Improvement in fuel economy in various countries and outlook
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national standards will be continuously implcmcntcd as
an important instrument for vechicle energy cFﬁcicncy
level improvements, reductions of urban pollution, and
promoting sustainable dcvclopmcnt in transportation.
According to the prcdictions of the International Energy
Agency (IEA), the fuel economies of light vehicles will
be signiﬁcant improvement in all countries around the
world in the future (for more details, see Figure 5-13).

Through the mass application of such new materials as car-
bon fiber, aluminum, high-strength steel and compound
materials, light-duty vehicle will become lighter in weight.

Through a packagc of technical improvements, including
engine dcsign optimization, improvements to vehicle drive
systems, intclligcnt starting/ stopping, energy recovery sys-
tems, acrodynamic pcrformancc improvements and fric-
tional resistance reductions, the fuel cﬂicicncy of vehicles
can be improvcd 03 L/100km. This includes the contribu-
tion of battcry clectric vehicles and plug—in hybrid clectric
vehicles. For the entire fleet, comparcd with the base year
of 2010, the energy consumption per vehicle-kilometer of
taxis on the road can be reduced by 72%, and the energy
consumption per vehicle-kilometer of private vehicles on

the road can be reduced by 66% (see Figure 5-14).

FIGURE 5-14. Fuel economy improvement of the private vehicles and taxi fleets under the IEC Scenario
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FIGURE 5-15. Cost curve for the fuel economy improvement of light duty vehicles
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Apart from the tcchnologics for improving the vehicle fuel
economy of light Ppassenger vehicles, switching from fossil
fuel to various cleaner fuels can also bring about some ef-
ficicncy improvements to light duty vehicles by 2050. For
more detailed tcchnologics and costs, see Figure 5-15.

HIO 3: Development and wide application of battery

electric and plug-in hybrid electric vehicles

Electric vehicles (EV), as a promising solution for low-
carbon transportation development, have now been rapi-
dly dcvclopcd in all countries around the world in recent
years. China became the largcst EV market in the world
in 2015. The main driving forces behind this changc in
China are policy support and subsidies. Worldwide, the
total number of EVs in use has exceeded 1 million. EVs
mainly include battcry clectric vehicles (BEV) and plug—
in hybrid clectric vehicles (PHEV), as well as hydrogcn
fuel battcry vehicles (HEV). BEVs are mainly driven by
clectric motors. The engine system of PHEVs consists of
both an internal combustion engine and an electric mo-
tor, so it runs on both oil and clcctricity. The main fuel
of HEVs is hydrogcn. The process of vehicle hydrogcna—
tion is much faster than the clcctricity charging process,
basically cquivalcnt to the rcfucling spccd of traditional
vehicles based on internal combustion engines (ICE).

EVs are associated with high energy-saving potential.
Compared with traditional ICE-based vehicles, they can
be 35% more energy efficient. With renewable energy
contributing an increasingly high share of grid electricity
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in the future, EVs can reduce emissions by approximatcly
20% during their whole lifc—cyclc (towards 2020, the share
of clean energy for the grid will be increased, but the
coal-fired power generation will contribute the majority
of grid power in China (Zhang et al 2013). The fuel eco-
nomy of traditional ICE-based vehicles will continuously
improve). In our analysis, private vehicle ovvncrship in
China in 2050 will be 440 million, taxi ovvncrship 3.5 mil-
lion, and privately owned buses 5 million. Almost all of
these vehicles can be electric ones, including BEVs and
PHEVs. More than 70% of urban buses will be EVs and
play an important role in urban air pollution reduction.
'Ihrough the substitution of EVs, by 2050, the Chinese
transportation sector can achieve an energy saving of
49.22 Mtce (see Figure 5—16).

Compared with traditional ICE-based vehicles, EVs
are more expensive and this remains true even if fuel
consumption costs and maintenance costs are included.
Australia's RACQ conducted a detailed market survey
and analysis of the selling price of different types of vehi-
cles, covering more than ninety vehicle models. Below is
a comparison of the annualized average cost of conven-
tional ICE-based vehicless, PHEVs and BEVs; the annua-
lized cost includes the annual depreciation of vehicles,
operating and maintenance costs, and fuel costs. It can
be observed that currently, the annual operating costs of
clectric vehicles are nearly 30% higher than traditional
ICE vehicles (see Figure 5-17).



FIGURE 5-16. Energy saving potential from replacing ICE-based vehicles with EVs in the IEC Scenario in

comparison with the Reference Scenario
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FIGURE 5-17. Comparison of annual costs among ICEs, PHEVs and BEVs
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There are some barriers to the wide application of elec-
tric vehicles. The first barrier is some technology pro-
blems in eclectric vehicle technology; particularly the
battery technology is not mature yet. The second barrier
is lack of infrastructural support and construction. The
Chinese government has issued a Development Guidance
for the Construction of Charging Infmstructurc of Electric
Vehicles (2015-2020), but in reality, there still exist pro-
blems in such aspects as high electricity prices, low capa-
city in the manufacturing of chargers, and difficulties in
connections to the electricity grid.

HIO 4: Improve the electrification of the railways

Currently the locomotives used in the Chinese railway sys-
tem are mainly the internal combustion locomotives and
clectric locomotives. Steam locomotives have already been
replaced. Internal combustion locomotives and electric lo-
comotives respectively accounted for 56% and 43% of the
Chinese locomotive stock in 2010. The efficiency level of
clectric locomotives is about three times that of internal
combustion locomotives. The clectrification level of the
railway system should be significantly improved to achieve
higher efficiency level of the railway system and to pro-
mote switch to clean and modern fuel forms in railways.
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In 2050, railways will contribute 40% of the Ppassenger
transportation turnover and 24% of the frcight turnover
rcspcctivcly, making railways the backbone and main
mode for long—distancc transportation in China. The
clectrification and cfficicncy levels of the railway system
have a signiﬁcant influence on the energy mix of the en-
tire transportation sector. For passenger transportation,
the proportion of electric locomotives will gradually in-
crease from less than 50% in 2010 to 100% in 2050. The pro-
portion of electric frcight locomotives will increase from
less than 50% in 2010 to approximatcly 80% in 2050. The
railway system will achieve electrification on the whole,
thus rcalizing energy savings of 11.28 Mtce in 2050 (see

Figure 5-18).

In terms of operating costs, the energy cost of electric
locomotive traction is lower than that of internal com-
bustion locomotive traction, which is mainly due to the
price levels of clectricity and diesel in China, as well
as the higher efficiency of electric locomotives. Taking
other operating costs into consideration, including the
depreciation of fixed assets and O&M costs, the total
operation cost of electric locomotives is also lower than
that of internal combustion locomotives (Yu 2014).

The barriers to railway electrification. In recent years, rai-
Iway electrification has been progressing steadily in China,
especially since the rapid development of high-speed rai-
Iways; and the speed of electrification has been accelera-
ting. The service life of an internal combustion locomotive
is approximately thirty years and when their service life
ends, they will be replaced with electric locomotives.

5.3.2 STRUCTURAL HIOS

HIO 1: Increase the share of public transit

The efficiency of urban public transportation systems is
much higher than that of driving private cars. The en-
ergy consumption of an urban trip by compact vehicle
is three times higher than that by bus. By encouraging
urban residents switch from using private cars to using
public transport in the form of urban rail transit systems,
BRTs, public service vehicles, the energy consumption
of urban passenger transportation can be effectively re-
duced. Compared to main cities in developed countries,
the share of urban public transit in China has enormous
room of improvement. Beijing is a leading city in the de-
velopment of public transit systems, but even in Beijing,
public transit accounts for less than 50% of urban passen-
ger transportation. Beijing still lags much behind Hong
Kong, Singapore, and New York in public transport deve-
lopment, where the share of public transit in urban pas-
senger transportation exceeds 70% (see Figure 5-19).

Measures to increase the popularity of urban public tran-
sit mainly include accclerating the construction of urban
public transportation infrastructure, improving the ac-
ccssibility of rail transit and public transportation, reali-
zing zero-distance transfers between different modes of’
public transportation, adopting information technology
to make urban public transit more convenient and quic-
ker, increasing the costs of private vehicle uses through
such measures as collccting parking chargcs and conges-
tion chargcs. By 2050, all Chinese cities with apopulation

FIGURE 5-18. Energy-saving potential of railway electrification in the IEC Scenario compared with the

Reference Scenario

1600
1400 1288 1349.7
_ 1224.1 — 113
fu_,’ 1200 1128 s 8.9
2 996.8 4 '
E 1000 9
2 831.%
E 800
2 643.7 19
8 600 A£7.1
& 0.9
[
S 400 3053 0.4
200 0
0 . . . . . . . )
2010 2015 2020 2025 2030 2035 2040 2045 2050
Year
I Railway electrification = Ref. Scenario

94 | CHINAENERGY EFFICIENCY SERIES



FIGURE 5-19. Share of trip modes in major cities in the world
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of more than five million shall create an urban transport
system dominated by rail transit and BRT systems. Cities
with a population of more than 1 million will mainly fo-
cus on public transit, while small cities will focus on indi-
vidual transportation. By 2050, metro trips will account
for 20% of urban passenger transportation. At that time,
the share of travel by public transit systems will reach
64%. This transformation in urban transportation can
create 14.85 Mtce of energy savings.

The barriers to increasing the share of urban public tran-
sit mainly include poor urban planning, the constant
expansion of megacities, the function specialization of
different city areas as residential areas and office areas,
and the huge traffic in rush hours and long commuting
distances, which make public transit an unfavorable op-
tion for passenger transportation. Also the construction
ofpublic transit systems needs liugc investment and the
upfront investment is high. Improvements to comfort le-
vels also need funding and may increase energy consump-
tion. Finally there is also the consumer behavior barrier
to which can also affects the share of public transit in
urban transportation.

HIO 2: Increase the share of railways

The energy consumption of liigh—spced railways per
passenger-km is only 1/5-1/3 that of aviation. For trips
shorter than 1,000 km, high-spced railway is both chea-
per and faster than aviation. Meanwhile, with passenger
transportation shifting from ordinary railways to high-
specd railways7 more railway transportation capacity can
be made available for frcight transportation. This can not
only replace long-distance road transportation, but also
improve the energy efficiency of freight transport.
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Today the total lcngth of high-spccd railways in China
has reached 16,000 km, representing more than 60% of
the global mileage of high-speed railways. China plans to
build another 45,000 km of high—spccd railways, bringing
its total railway milcagc to 200,000 km. The high-spccd
railway networks will connect all provincial capitals and
other largc and medium-sized cities with a population
of more than 500,000. At that time, the 1-4 hour traffic
circle will be realized for adjaccnt largc and medium-
sized cities. An intercity passenger transportation system
with high-speed railways and railways as the framework
will come into bcing7 cnabling railway to play a kcy role
in long—distancc passenger and frcight transportation.

Currcntly7 the main barrier to enlarging the share of rai-
lway trips is insufficient capacity of high—spccd railways
and ordinary railways. In the future, the connections
between high-spccd railway stations and cities will be the
most important factor affecting the popularity of high-
spccd railways. Therefore, attention should be paid to
improving the connections between high—speed railway
stations and urban public transit facilities.

HIO 3: Vehicle sharing

Vehicle sharing has been spreading around the world at
an amazing specd in recent years. Not only cach vehicle
is shared and used by different pcoplc at different times,
but also several passengers can take the same vehicle du-
ring a trip to one or more destinations. Vehicle sharing
not only means faster and more convenient trips, but also
higher energy efficiency. Digital platforms can enable
more passengers to share vehicles and reduce future pri-
vate car owncrship. Vehicle sharing, as the business model
of a transportation service, combined with self-driving
vehicles, electric vehicles and other new technologics, is
dramatically changing the landscape of passenger trans-
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portation. Since vehicle sharing can reduce vehicle dcprc—
ciation, repair and maintenance costs for vehicle owners
and users, it can also reduce transportation costs.

There are a few barriers to the dissemination of vehicle
sharing. One major barrier to the uptake of vehicle-
sharing is the traditional perception that considers car
ownership a symbol of high social status and financial
success. Some gaps in the regulatory system, such as re-
levant laws and regulations, insurance, information, are
also important barriers.

5.4 POLICY
RECOMMENDATIONS

5.4.1 RECOMMENDATION 1: BOOSTING
THE REFORM AND UPGRADE OF
TRANSPORTATION SECTOR GOVERNANCE

The government needs to end the phcnomcnon of mul-
tiplc—authoritics in chargc of transportation sector gover-
nance in China, centralize the transportation administra-
tion into one government agency, make administration
innovations, promote new business modes such as vehicle
sharing, and attach importance to improve the connec-
tions between different transportation modes. It is also
important to liberalize fuel-oil pricing and allow market
supply and demand to play a biggcr role in market price
shaping, include environmental impacts in the market
prices, and guidc consumers to opt for clean and ecfhi-
cient transportation mode. China also needs to eliminate
the institutional, standard and administrative barriers
to connecting different transportation modes, implc—
ment container standardization, and attach importance
to the seamless connection in infrastructure dcsign and
construction. The country needs to build a multimodal
transport system that can exert the advantagcs of rai-
lways and waterways in long—distancc transportation and
the flcxibility of road transport in short-distance trans-
portation; and it is also kcy to increase the proportion in
logistics transport.

5.4.2 RECOMMENDATION 2: SPEED UP OF
MARKET-ORIENTED REFORM OF RAILWAY
TRANSPORT

It is important to take the following measures: brcaking
the rnonopoly of the railways, accclcrating market-orien-
ted railway reform, implcmcnting floating pricing, al-
lowing private capital access, eradicating institutional
barriers to better connections between the railways and
other modes of transportation. These measures can make
it casier to mobilize private funding for the construction
and operation of railways and high—spccd railways, spccd
up the construction of a national network of’ high-spccd
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railways and rai]ways, boost the transformation and up-
grading of ordinary railways, makes available more ordi-
nary railway transportation capacity for the long distance
frcight transport, hc]p improve operating efficiencies
of railway transport. Declines in the share of railway in
frcight transport shall be reversed by 2022, and thereafter
the share ofrailway in frcight transport shall be increased
to one quarter by 2050. The major cities will be connected
by a network of high—spccd railways, which will become
the main mode of’ intercity passenger transport.

5.4.3 RECOMMENDATION 3: REGULARLY
AND TIMELY RELEASE AND UPDATE FUEL
ECONOMY STANDARDS

It is necessary for China to set and issue footprint—bascd
fuel economy standards for vehicles and updatc the stan-
dards rcgularly, tightcn the fuel cconomy standards for
trucks, reinforce supervision and inspection, and reduce
the difference between nominal fuel cfficicncy levels and
actual operating fuel cﬂicicncy levels. Through offcring
prcfcrcntial vehicle sales tax, the government can encou-
rage houscholds to buy and use small and more energy
efficient cars. Through imposing hcavy taxes, the govern-
ment can discouragc the owncrship and use of high—cmis—
sion and luxury vehicles.

5.4.4 RECOMMENDATION 4: EXPEDITE
THE CONSTRUCTION, INVESTMENT AND
FINANCING OF PUBLIC TRANSPORTATION
INFRASTRUCTURE

In urban planning, transit-oriented dcvclopmcnt (TOD)
should be taken as a priority. Residential blocks shall be
built near the main public transportation corridor (metro
+ BRT), thus creating urban dcsigning with public trans-
portation as the main backbone. More cmphasis shall be
given to the construction of infrastructure for non-mo-
torized transport; more investment shall channeled to
building pcdcstrian lanes and bicyclc lanes; congestion
charging and parking charging in urban central zones
should be reformed and increased, making it more expen-
sive to use private vehicles in downtown areas; the share
of private vehicle transport should be reduced. Govern-
ments at all levels shall continuously increase funding for
the construction of urban public transit infrastructure,
cspccially the construction of rail-transit facilicies, attach
importance to the construction of zero-distance transfer
stations, improve the comfort level, spccd7 and rcliability
of public transportation. Public parking areas will be es-
tablished in some transition stations to facilitate trans-
fers between private vehicles and public transportation.



4.5 RECOMMENDATION 5: CONTINUE
RESEARCH AND DEVELOPMENT AND
TO PROMOTE ADVANCED TRANSPORT
TECHNOLOGIES

China should intensify the research and development of
EVs, achieve technical breakthroughs in battery life and
mileage, service life, reliability, grid energy storage, etc.,
improve the utilization of the subsidy fund for EVs, avoid
local protectionism, and attach equal concern and impor-
tance to PHEVs and traditional ICEs. The government
can pilot the use of EVs as taxi and buses with preferen-
tial policies. The pilot results should be analyzed timely
and used as inputs for further policy making. The govern-
ment should speed up the planning and building of char-
ging stations, achieve matching and coordinated develop-
ment between grid load management and the elcctricity
demand for EV charging, and uses EVs as an important
solution for electricity storage and integrating more elec-
tricity from renewable sources.
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6.1 REVIEW OF ACHIEVEMENTS
AND POLICIES REGARDING
ENERGY-EFFICIENCY
IMPROVEMENTS TO POWER
GENERATION IN CHINA

The power industry is an important foundation for na-
tional economic development and plays a very important
role in both it and social progress. Then power industry
is important not only for national economy security, but
also for people’s daily lives and social stability. Since the
reform and opening up, along with the rapid develop-
ment of China’s economy, China’s power industry has
consistently been in a phase of high-speed development
dominated by coal-fired power generation.

6.1.1 ACHIEVEMENTS IN ENERGY
EFFICIENCY IMPROVEMENTS IN POWER
GENERATION

Scale of power generation rapidly expanded

The scale of the power industry is expanding. In 1949, ins-
talled power generation capacity in China was only 1.84
GW and annual power output only 43 billion kWh (ex-
cluding Taiwan, Hong Kong, and Macao), ranking China
21st and 25th in the world respectively. In 1987 installed
power generation capacity exceeded 100 GW, and China
became one of the few countries with an installed capa-
city exceeding this ﬁgure. Since 2000, as the growth rate
of China’s cconomy has accelerated, China’s power indus-
try has also taken to the development speedway. In 2015,
installed capacity reached 1508 GW, ranking the country

first in the world (for variations in the installed capacity
of the power sector in China since 2000, see Figure 6-1).

The rapid increase in installed capacity in China not only
exceeds the country’s own historical level, but is also is
surprising compared with that of developed countries.
Average annual newly installed capacity during 2005-
2015 in China was 99.1 GW. This means that every week
1.5 power plants with a capacity of 1 GW were added, or
every year an installed capacity equivalent to that of Bri-
tain (for a comparison with other countries, see Figure
6-2). Such a growth rate has rarely been seen in the world.

Power consumption obviously improved

In the wake of the rapid development of the economy,
society and the power industry, both power generation
and per capita power consumption are increasing rapidly
in China. From 2005 tO 2015, China’s power generation
increased from 2.49 trillion kWh to 5.81 trillion kWh at
an annual growth rate of 8.83%, and per capita power
consumption increased from 1907 kWh in 2005 to 4227
kWh in 2015 at an annual growth rate of 8.28% (see Table
6-1). This reflects the improvements in economic develop-
ment and people’s living standards in China.

Compared with developed countries, however, per ca-
pita power consumption in China remains very low. The
per capita installed power-generation capacity in deve-
loped countries is above 1.5 kWh and per capita power
consumption mostly above 5000 kWh. Per capita power
consumption in the USA and South Korea even reaches
approximately 10,000 kWh (see Figure 4-3). China there-
fore still has a long way to go in industrializing and mo-
dernizing.

FIGURE 6-1. Installed power generation capacity in China since 2000
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FIGURE 6-2. Installed capacity in China (in 2015) and some developed countries (in 2010)
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TABLE 6-1. Power generation and per capita power consumption in China
1 )

2005 2010 201 2012 2013 2014 2015
Power generation (100 GWh) 24940 41934 47,001 49,763 54,203 56,384 58,106
Per capita power consumption (kWh) 1907 3127 3,488 3,675 3,983 4122 4,227

Data source: China Energy Yearbook
FIGURE 6-3. Per capita power consumption in China (in 2015) and some developed countries (in 2013)
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A power generation structure dominated by coal 20.08 GW, accounting for 1.5%, of wind power 96.57 GW,

accounting for 7.0%, and of grid-connected solar power
24.86 GW, accounting for 1.8% (see Table 6-2). Although
the share of thermal power declined from 75.7% in 2005

The installed capacity structure in China has been domi-
nated by thermal power all along, that is, on coal-fired

power. In 2014, thC installed capacity Of thermal power

in China was 920 GW, accounting for 67.4% of hydro- to 67.4% in 2014, it still has the dominant position, with

. coal-fired plants accounting for more than 935%.
power 300 GW, accounting for 22.2%, of nuclear power P 8 95%
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TABLE 6-2. Installed capacity of power generation from various sources in China and share changes since 2005

INSTALLED

CAPACITY 2005 2006 2007 2008 2009 2010 201 2012 2013 2014
(10,000KW)

Total installed capacity 51,675 62,342 71745 79284 87433 96,699 106,305 114,617 12,5768 13,7018
Thermal power 39138 48405 55607 60,286 65108 70,967 76,834 81968 87,009 92,363
Hydropower 1,739 12,857 14,823 17,260 19,629 21,606 23298 24947 28,044 30,486
Nuclear power 685 885 885 885 908 1,082 1,257 1,257 1,466 2,008
Wind power 106 187 420 839 1760 2958 4,623 6,083 7,652 9,657
Solar energy 7 8 10 14 28 86 293 341 1,589 2486
Others 20 8 19
Share (%) 2005 2006 2007 2008 2009 2010 20M 2012 2013 2014
Thermal power 757 77.6 77.5 76.0 74.5 734 723 71.5 69.2 67.4
Hydropower 227 20.6 20.7 21.8 22.5 223 219 21.8 223 222
Nuclear power 13 14 1.2 11 1.0 11 1.2 11 1.2 15
Wind power 02 03 0.6 11 2.0 31 43 53 6.1 7.0
Solar energy 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.3 1.3 1.8
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Source: China Electric Power Yearbook 2006-2015

From the perspective of the output structure, the share
of thermal power declined from 82.0% in 2005 to 75.4%
in 2014; the share of hydropower generation capacity in-
creased from 15.9% in 2005 to 18.9% in 2014; the share of
nuclear power generation capacity fluctuated at around
2%; the share of wind power generation capacity in-
creased from 0% in 2005 to 2.9% in 2014; and the contribu-
tion of solar energy appears to have been progressive (see
Table 6-3). The share of clean energy therefore increased
gradually.

The efficiency of the power sector continuously
improved

The energy utilization efficiency of the Chinese power
sector has been constantly improved in recent years. The
gross coal consumption rate of power sets over 6ooo kW
declined from 370 gee/kWh in 2005 to 319 gee/kWh in
2014, the net coal consumption rate fell from 343 gee/
kWh to 300 gee/kWh, the service power rate declined
from 5.87% to 4.83%, the line loss rate fell from 7.21% in
2005 t0 6.64% in 2014, the energy loss by power plants and
transmission declined progressively and energy efficiency
steadily improved (see Table 6-4).

6.1.2 REVIEW OF MAIN POLICIES IN
PROMOTING ENERGY EFFICIENCY IN
POWER GENERATION

For a long time, the Chinese government has formulated
a series of policies to promote gradual improvements in
the efficiency of the power sector.

Eliminate backward small and medium-sized power
plants
A great quantity of old, backward, low-efficiency power

plants have existed for a longcr time. During 2006-2014,

the Chinese government intensified its efforts to elimi-
nate backward capacity in the power sector, issuing a mis-
sion statement for the elimination of 50 GW backward
small power plants. After five years of effore, 76.83 GW
in small units had been closed down, an achievement rate
of 153%. The 12th FYP for Energy Conservation and Emissions
Reduction issued by the State Council called for the eli-
mination of another 20 GW capacity in backward small
power plants during 2011-2015, mainly conventional coal-
fired unics with capacities of under 100 MW, conventio-
nal small thermal power units with capacities of under 50
MW, oil-fired plants mainly for power generation with
capacities of under 50 MW, and conventional coal-fired
power units connected to the grid with capacities of un-
der 200 MW and with their dcsign life having cxpircd.
During 2011-2014, China eliminated a total of 22,768 GW
of inefficient thermal power units, fulﬁlling the predc—
termined task of climinating inefficient power units one

year carlier than planned (see Table 6-5).

Increase energy-efficiency access threshold for new
power plants

Generation cfficicncy varies grcatly according to the size

of the power plant. At present, the generation cﬁicicncy
of largc supcrcritical generation units is approximatcly
43%, while the cfficicncy of ultra—supcrcritical power ge-
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TABLE 6-3. Total power generation and mix changes in China
' Oy ) Oy S

GENERATION CAPACITY
(100 MILLION KWH)

Gross power generation capacity 24932 28433 32607 34445 36810 42275 47298 49838 53721 56045

2005 2006 2007 2008 2009 2010 201 2012 2013 2014

Thermal power 20437 23696 27207 28030 30117 34166 39003 39255 42216 42274
Hydropower 39064 4167 474 5655 5717 6867 6681 8556 8921 10601
Nuclear power 531 543 629 629 701 747 872 982 ms 1332
Wind power 27 57 131 276 494 74 1004 1383 1598
Solar energy 36 84 235
Others 5 3 5
Share (%) 2005 2006 2007 2008 2009 2010 20M 2012 2013 2014
Thermal power 820 833 834 814 818 8038 825 788 786 754
Hydropower 159 147 145 164 155 162 141 172 166 189
Nuclear power 21 19 19 18 19 18 18 20 21 24
Wind power 00 01 02 04 08 12 16 20 26 29
Solar energy 00 00 00 00 00 00 00 01 02 04
Others 00 00 00 00 00 00 00 00 00 00

Source: China Electric Power Yearbook 2006-2015

TABLE 6-4. Efficiency of China’s power sector since 2005
' ) O S A A

ITEM 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Power supply coal consumption (gce/kWh) 370 367 356 345 340 333 329 325 321 319

Power generation coal consumption of thermal power plant 343 342 332 322 320 312 308 305 302 300
(gee/kWh)

Station service power consumption rate (%) 587 593 583 590 576 543 539 510 505 4.83
Line loss rate (%) 721 704 697 679 672 653 652 674 669 6.64

Note: Power plant at 6000 kW and above nationwide

Source: China Electric Power Yearbook 2006-2015.

TABLE 6-5. Elimination of outdated capacity in China's power sector during 2011-2014
L

201 2012 2013 2014 TOTAL
Elimination scale (10,000kW) 800 544 447 485.8 2276.8

neration technology can even reach figures above 45%. In - and defining the technologies to be encouraged and de-

addition to cxpanding the size of ncwly built plants, it is Vclopcd, restricted, or Compulsorily eliminated in detail.
Iso i tant to i ffici by i ing st

A0 Tmportant to improve ciiiciency by improving steam Technologies to be encouraged include: (1) supercritical

temperature and steam pressure. Take 600 MW units as . . ) .

and ultra-supercritical units with a capacity of 6oo MW

and above; (2) centralized CHP and CCHP units with

a capacity of 300 MW and above; (3) large air-cooling

an example: when steam temperature and pressure are
improvcd from subcritical to ultra—supcrcritical7 thermal
efficiency can increase from 41% to 45%, and the gross coal power generation units with a capacity of 6oo MW and
use rate can be reduced by 20 gee/kWh. bove i defici () bined-cvel

above in water-deficient areas; (4) combined-cycle power
From 2011, the National Development and Reform  plants; (5) clean-coal power generation such as circulating
Commission formulated and updated the Caralogue for — fluidized beds, pressurized fluidized beds and integrated
Guidance of Industrial Structural Adjustment annually,  classification combined cycle power generation with a ca-
classifying the sectors in the national economy into en-  pacity of 300 MW and above; and (6) power generation

couraging class, restricting class and elimination class,
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using fluidized bed boilers and coal gangue or inferior
coal with a capacity of 200 MW and above.

Technologies to be restricted include: (1) conventional
coal-fired thermal power units with a capacity of 300
MW and above; and (2) power generation units with a net
coal consumption rate of 300 gee/kWh or higher, and air-
cooling power generation units with a net coal consump-
tion rate exceeding 305 gee/kWh.

Technologies to be eliminated include: (1) conventional
coal-fired condensing stcam thermal power units connec-
ted to the grid with a capacity below 100 MW upon
maturity of service life; (2) conventional small thermal
power generation units with a capacity below 50 MW
and (3) oil-fired plants mainly for power generation with
a capacity under 50 MW.

The Chinese government is pressing enterprises hard to
impicmcnt the Cataloguc for Guidance of Industrial Structu-
ral Adjustment as industrial policics. The coal-fired power-
generation units that have been ncwly constructed in
recent years are basically large-size, high-parameter, high-
Cﬁiciency supercritica] units, and the share of small-size,
low-parameter and low-efficiency units has been progres-
sivciy reduced.

Generalize CHP plant and implement cogeneration

transformation

Cogeneration can reduce cold-end loss and is one of the
most cffective means whereby thermal power units can
improve energy cfﬁcicncy. In China’s 11ch and 12th FYPs
for Energy Conservation, cogeneration has been listed as
a kcy project. In 2011, the National Devclopmcnt and Re-
form Commission revised the Provisions on Dcvclopment of
Cogeneration (combined heat and power gencrntion). This
policy calls for the following measures: (1) active support
for the development of gas and steam combined-cycle co-
generation; (2) that heat-supply boilers with a unit capa-
city of 20 tons/hour and above and annual utilization of
heat load greater than 4,000 hours, having demonstrated
obvious economic benefits tcchno]ogica”y and economi-
cally, should be transformed into cogeneration; and (3)
that within the heat-supply range of the constructed co-
generation centralized hcating and planncd cogeneration
centralized heat-supply project, no coal-fired self-pro-
vided power plant or permanent coal-fired boiler room
should be constructed. Moreover, local environmental
protection and technical supervision dcpartmcnts will
not approve any more expansions of small boilers."

Cogeneration (combined heat and power generation) has
been rapidly developed in China in recent years. In 2014,
the annual heat supply of a CHP unit with a capacity of

14 htep://www.nea.gov.cn/2011-11/22/c_131262611.hem

6000 kW and above was 3183.62 PJ. The scale of installed
capacity was 283.26 MW, accounting for 30.84% of ther-
mal power, an increase of 11.25% from the level in 2013.”
Cogeneration units in China mainly undertake the task
of supplying urban factory steam and centralized heat
supply. In 2014, urban steam centralized heat supply capa-
city in China was 84,664 tons/hour, of which 70,372 tons/
hour is from there thermal power plants, accounting for
83.12% of the total; the gross urban steam centralized heat
supply was 556.14 PJ, of which 485.84 PJ was by thermal
power plants, accounting for 87.36% of the total. In the
same year, the urban hot water centralized heat supply
capacity in China was 447,068 MW, of which 205,043 MW
is from thermal power plants, accounting for 45.86% of
the total. The gross urban hot water centralized heat sup-
ply was 2765.46 PJ, of which 1151.90 PJ was from thermal
power plants, accounting for 41.65%."

Implement energy-saving technical transformations

The Chinese government bcgan to providc subsidies for
energy-saving technical transformation projects to en-
terprises from 2006. The subsidy given to enterprises is
determined according to the energy savings made by the
project. In 2006, the incentive standard was 200 RMB/
tee in the eastern regions and 250 RMB/tce in the central
and western regions. The threshold for obtaining such a
subsidy from central government is 10,000 tce. The go-
vernment requires that the energy savings declared by the
enterprise must have been directly produced by the en-
terprise through technical transformations and that this
can be checked and ratified. In 2011, the central govern-
ment increased the incentive standard to 240 RMB/tce
for the eastern regions and 300 RMB/tce for the central
and western regions. The incentive threshold for indivi-
dual projects was lowered to 5000 tce. From 2006 to 2013,
a number of power plants implemented energy-saving
technical transformations and benefited from this policy,
which was abolished by the Ministry of Finance in 2013.

By means of the Comprehensivc interaction of the above
po]icics, the energy eﬁiciency of the power sector has
been markedly improved. In 2015, the average gross coal
consumption rate of coal-fired power generation in
China was about 315 gcc/kWh, close to the international
advanced standard.

15 Data Source: Summary of Power lndusrry Statistics (2014).

16 Data Source: China Urban-Rural Construction Statistical Yearbook 2014.
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6.2 PROSPECTS OF ENERGY
CONSUMPTION IN THE
POWER GENERATION SECTOR
(TWO SCENARIOS, BY 2050)

The research group adopts scenario analysis when stu-
dying the energy cfiicicncy HIOs in the power sector,
cstablishing WO scenarios according to the different
prospects of tcchnological and policy dcvclopmcnt in the
future, namely the reference scenario and the intensified
energy-saving scenario. By way of comparing the diffe-
rence between the two scenarios, guidancc will be provi-
ded for dctcrmining HIOs.

6.21 METHODOLOGY

The mcthodology used for the power sector is mainly di-
vided into two parts: scenario dcsign and model dcsign.
Scenario dcsign is directed at qualifying the two different
dcvclopmcnt prospects; model dcsign is used to describe
the modeling tools deployed by the research group and

the creation of model framework.

Scenario design

After thorough discussion, the research group decided
that the reference and the intensified energy-saving sce-
narios for the power sector should be determined as fol-
lows:

(1) Reference Scenario

The Reference Scenario covers the prospect of future
development obtained mainly by continuing the exis-
ting policies before 2010 and appropriately taking into
account the continuation of the trends of technical ad-
vancement in the power sector. Specifically:

. The tcchnologically mature and most feasible cases of
best practice in 2010 will be gcncralizcd and applicd to
some extent. The Encrgy cfficicncy will be improvcd,
but the spccd of improvement may be very slow;

« Progress with ofgrccnhousc gas emission-reduction
mechanisms such as carbon taxes and carbon emissions
trading will be very slow;

- Coal-fired power is characterized by better economy,
stronger competitiveness and greater development
inertia. It will be difficult to replace fossil energy
comprchcnsivcly with renewables in the medium and
long terms.

(2) Intensified Energy-saving Scenario

The Intensified Energy-saving Scenario is mainly a sce-
nario in which the energy efficiency of China’s power
sector will be further improvcd and the proportion of
renewable energy sources will be markedly increased by
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intcnsifying efforts to gcncralizc advanced tcchnologics
and alter power structures. More spcciﬁcally:

« Power generation enterprises and electric grid enter-
prises should attach importance to the management of
energy cfi'icicncy. Currcntly mature and feasible high
cncrgy—cfi‘icicnt tcchnologics and best practices will
be generalized and applied maximally in the near and
medium terms.

- In the medium and long terms, measures will be taken
to control carbon dioxide emissions in the power
sector. The power generation costs of fossil fuels will
gradually be increased through carbon taxes, carbon
emissions trading, etc.

- In medium and long terms, the more rapid decline in
the cost of renewable energy sources will accelerate the
replacement of coal-fired power, and coal-fired power
plants will gradually be phased out after the expiration
of their service lives.

« The reform of the power system will be smoothly
carried out. The marketization of grid power genera-
tion will be successful in medium and long terms. New
technologies such as demand-side response, large grid
long-distance power transmission, etc. will be applied
on large scale.

Selection of modeling tools and design of model

framework

(1) Introduction of LEAP model

In the research described in this chaptcr, the research
group adopts a LEAP model as the main quantitative
analysis tool. LEAP is the abbreviation for ‘long-range en-
ergy alternatives planning’ system. The LEAP model is an
energy-environment model developed by the Stockholm
Environment Institute (SEI) Boston/Dallas Branch. This
model is itselfa ‘bottom—up’ simulation model that can be
used for calculating energy consumption demand, loss of
energy processing and conversion, and the pollutant and
greenhouse gas emissions caused by this. Since 1995¢s,
more than 190 countries and thousands of organizations
have gradually adoptcd the LEAP model to conduct na-
tional/regional energy strategic research and greenhouse
gas emission evaluations.

Through decades of development, the software functions
of the LEAP model have constantly been perfected, and
the interface has become increasingly friendly (see Figure
6-4), establishing a good reputation with users from all
around the world.

Compared with other energy-planning models, one
outstanding advantagc of the LEAP model is its compara-
tively transparent data and the fact that the model’s requi-
rements rcgarding input data are rclativcly flexible. Users
may select the form and quantity of input data according



FIGURE 6-4. Schematic diagram of the LEAP Model
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to the characteristics of the research topic and data availa-
bility, unlike other models with rigid forms of data input
and higher requirements regarding the perfection level of
the data, which cannot be computed if some data is lacking,
such as price or cost data. The LEAP model, as a flexible
model with low initial data requirements, can meet the
different needs of different users and without heavy data
input and high expertise requirements on the users.

(2) LEAP model framework for the power sector

In the energy model established by the research group,
the industry, building and transportation sectors will all
predict terminal energy consumption demand in the fu-
ture, of which Clectricity and heat demand, etc. is trans-
mitted to the power sector for analysis and measurement.
The primary energy consumption of the power sector,
the non-power processing and conversion sector, and
the terminal energy consumption sector are totaled up
to provide a figure for the gross national primary energy
consumption (as shown in Table 6-5).

The power sector studied in this chapter not only in-
cludes clectricity generation, but also heat supply and the
transmission and distribution of both it and electricity.
The research group believes that, although the energy
consumption of a part of the power and heating power
production department in the energy balance sheet is in-
cluded in the terminal department, this has been adjus-

ted in the present analysis. This part of energy consump-
tion will be treated as included in the power sector.

The power module of the LEAP model designed by the
research group is divided into transmission loss, elec-
tricity—only supply7 CHP and heat supply, of which the
electricity—only generation part is divided into coal-fired
generation, gas-ﬁred generation, oil-fired generation,
nuclear power, wind power, hydropower, solar energy
power generation, biomass power generation and geo-
thermal power generation. In addition, the coal-fired
electricity—only power units are also divided into six ca-
tegories: units of 1,000 MW and above, of 600-1,000 MW,
of 300-600 MW, of 200-300 MW, of 100-200 MW, and of’
60-100 MW according to size (as shown in Figure 6-6).

6.2.2 KEY ASSUMPTIONS

The main assumptions of the model input include transmis-
sion loss, the power generation cfﬁcicncy of various genera-
tion units, the priority of various modes ofgeneration, power
generation costs, capacity in base year, and other parameters.

Energy efficiency of power plants

(1) Energy efficiency of power plants

The research group abides by the objective law that the
1argcr the capacity of the unit, the higher its Cmciency
will be when the energy efficiency of the current and
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FIGURE 6-5. Positioning of the the power sector model in the entire energy model

Terminal energy

Industry

Building

Power generation

Heat supply

Electric transmission

Non-electric power

Coke-burning

QOil refining

Transportation

Biomass fuel

FIGURE 6-6. Structure of the LEAP Model for power sector
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future power plants is taken into account. Table 6-6
shows the status of the power supply energy efficiency
of the thermal power generation unit at different capa-
city classes in some largc power generation enterprises
in China in 2012. It can be observed that the difference
between the 600 MW class and the 1000 MW class in coal
consumption is 22 gcc/kWh, that between the 300 MW
class and the 600 MW class is approximatcly 12 gcc/kWh,
that between the 350 MW class and the 300 MW class is
8 gcc/kWh, and that between the 200 MW class and the
600 MW class is approximatcly 30 gcc/kWh.

The research group assumes that energy efficiency will
still be progressively improved after the various classes
of thermal power generation units constantly implement
the transformation of energy conservation . The research
group assumes that energy efficiency is very slow to im-
prove in the reference scenario, accelerating in the in-
tensified energy-saving scenario. At present, countries
around the world are working hard to surmount the ul-
tra-supercritical coal-fired power generation technology
at a steam temperature of 700°C. Once this technology
has been surmounted, the main steam parameter will have
been improved to 35MPa/700°C/720°C. Power generation
efficiency will be further improved by approximately 50%,
and the net coal consumption rate will be reduced to be-
low 260gce/kWh. If high-efficiency coal-fired power gene-
ration technology is forcefully promoted, it will be pos-
sible to realize this ultra-high energy-efficiency objective.

In model research, the research group assumes that the
coal consumption of 1,000,000k W-class coal-fired genera-
tion units in 2010 was 274 gee/kWh, equivalent to 44.8%
of power generation efficiency. In the reference scenario,
assuming that efficiency has already reached a quite high
level and it is difficult to continue improving it, the net

coal consumption rate of this type will be reduced to 270
gee JkWh (Cquiva]cnt to improving power generation ef-
ﬁcicncy by 45.5%) by 2050. In the intensified energy-sa-
ving scenario, through a series of systematic transforma-
tions, by 2050 coal-fired power generation efficiency will
be further improved by 47.3%, a net coal consumption
rate of 260 gcc/k\X/h, dcmonstmting that the intensity
level is quite large (see Figure 6-7).

Gas turbines and natural gas and steam combined cycles
(NGCQ) are the main modes of natural gas power gene-
ration in the dCVClopcd countries at present. The produc—
tion princip]e is to make use of natural gas through its
direct combustion in gas turbines and to enable gas tur-
bines to drive generators to generate e]ectricity. At this
moment, it is a single-cycle form of power generation. If
the high-tcmpcraturc tail gas produccd by the gas turbine
is put through a waste-heat boiler after generating high
temperatures and high pressure steam, it will cause the
steam turbine to drive the generator to generate electrici-
ty. At this moment, it is a combincd—cyc]e form ofpowcr
generation. Research indicates that the power supply ef-
ﬁciency of advanced and mature gas turbines operating
independently will be approximately 40%. The net efhi-
ciency ofcombincd-cyclc power generation may be more
than 58%, the highcst level in today’s practical power
generation tcchnology. The initial inlet temperature of
the latest gas turbine may reach more than 1600°C. The
power generation Cfﬁcicncy of combincd—cycle techno-
logy has exceeded 61%. In model rescarch, the research
group assumes that China will use the gas-steam combi-
ned cycle as the main type in the future. In the reference
scenario, the power generation Cﬁiciency of natural gas
will be improved from 56.8% in 2010 to 58% in 2050. In
the intensified energy-saving scenario, efficiency will be
further improved to 61.5% (see Figure 6-8).

TABLE 6-6. Efficiency levels of the thermal power generation units at different capacity classes in some large

power enterprises in China in 2012

caPACITY LEVEL NUMBEROFsErs  CROSSINSTALLED  Colqi iGN o powe
SUPPLY (GCE/KWH)
All units 1295 4241 318
Grade of 900-1000MW 31 3132 290
Grade of 600MW 265 16400 312
Grade of 350MW 68 2387 318
Grade of 300MW 447 13920 326
Grade of 200MW 155 3183 341
Grade of 120-165MW 16 1655 347
Grade of T0OMW 21 213 350
Below the grade of 100MW 148 361 367
Gas turbine 44 1161 229
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FIGURE 6-7. Power generation efficiency of coal-fired units under the Reference Scenario and the IEC
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(2) Energy efficiency of power transmission system
Theoretically, there are many factors affecting energy
loss from the electric grid, such as the materials of which
the grid cables are made, the coverage of the grid, the
rcgu]atory capacity ofgrid transmission and distribution,
the power load dcnsity, the characteristics of the power
distribution, the power transmission distance, the grid
management level, ete. After years of efforts, grid loss has
declined consistently in China. The proportion of line
loss in transmission capacity declined from 7.2% in 2005
to 6.6% in 2014.
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From the perspective of the various factors affecting grid
line loss in China in the future, this not only includes
increasing energy consumption, but also dcclining ener-
gy consumption. Resources for coal-fired power, hydro—
power, wind power and photovoltaic power generation
are abundant in the western regions in China, while the
Clcctricity load is mainly concentrated in the castern
regions. Because of the rcgional difference between re-
sources for power generation and load, China will cer-
tainly improve its long—distancc power transmission ca-
pability in the future. This will increase the line-loss level



FIGURE 6-9. Efficiency levels of coal-fired power plants at different classes in 2010
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of the electricity grid in China, which in the future will
not be comparable to developed countries with higher
load densities such as Japan, South Korea, etc. Meanwhile,
along with advances in grid-dispatching technology and
the optimization of the materials used for grid lines,
especially the wide application of digitalized grid regu-
lation technology and the popularization of new mate-
rials such as high-temperature superconductors, etc., the
energy efficiency of the electricity grid will be improved
and line loss constantly reduced. By synthesizing the two
factors above, the research group believes that the trans-
mission loss to the electricity grid in medium and long
terms will be slowly reduced. In the reference scenario,
the line loss will be reduced from 6.3% in 2010 to 5.5%
in 2050, and in the intensified energy-saving scenario,
line loss in 2050 will continuously decline to 4.5%, being
reduced by 1 percentage point more compared with the
reference scenario.

Economy of various power plants

During research, the research group collected and ana-
lyzed economic data for various power plants, inclu-
ding coal-fired power generation, gas power generation,
hydropower, nuclear power, wind power, photovoltaic
power generation, etc.

(1) Coal-fired units

The cost of coal-fired plants can be divided into three
elements: initial investment, operating and maintenance
costs, and fuel costs, of which the initial investment is
related to construction capacity and installed capacity
and is generally represented by investment in unit ins-
talled capacity (also called capacity cost). The operating
and maintenance costs are related to human resources
costs and other factors, while the fuel cost is related to
the price of the fuel used. At present, China has maste-

red the design, manufacture, construction, debugging
and operational technology of supercritical 600 MW-
class thermal power generation units, as well as, basically,
those of 1,000 MW-class supercritical units. Large turbine
condenser air-cooling technology, especially direct air-
cooling technology, will be developed rapidly. As tradi-
tional and mature power generation technologies, invest-
ment in and the construction of large coal-fired power
plancs in different places will be conducted according to
national standard, though the difference in investment
levels is not great. In this research, the initial investment
in coal-fired power generation unit will be calculated at
4,000 RMB/kW (see Figure 6-9).

(2) Gas-fired units

Natural gas as a clean and high-quality energy will play
important role in optimizing China’s energy consump-
tion structure, improving the atmospheric environment
and controlling greenhouse gas emissions. Due to the role
of market, natural gas-based gas turbine technologies
have achieved rapid development over the past twenty
years. Since the start of this century, China has achieved
better effects in markets for technology, in the localized
manufacture of gas-turbine equipment and in the deve-
lopment of domestic gas-turbine technology. Binding
bids have accounted for cighteen power stations and 41
gas turbine generator sets. Especially in supporting the
‘West-East natural gas transmission’ project, a group of
natural gas-combined cycle units have been construc-
ted in load centers. The specific investment costs of gas
turbines and their combined cycle units are lower than
those of coal-fired steam-turbine power stations. In this
research, it is assumed that the capacity cost of combi-
ned-cycle power plant in the base year is 3,000 RMB/kW.
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(3) Hydropower

Hydropower investment is Closely related to the geogra-
phical and geological conditions, immigration conditions,
etc. of the factory site. Investment in unit installed capa-
city varies greatly. Along with increases in investments
in migration compensation in the future, a certain level
of increase may appear in the unit’s initial investment. In
this research the hydropower capacity cost in the base
year will be calculated at 10,000 RMB/kW.

(4) Nuclear power

Nuclear power is a clean, safe, economical energy source
and one of the zero-carbon alternative energy sources for
scale gcncralization in the near and medium terms. In the
past twenty years, the international focus has been on
the construction of the third generation of pressurized
water reactor power plants. China has basically laid the
foundations and set the conditions for scale development
in the independent design, manufacturing, construction,
operation and site resources reserves of pressurized water
reactor power plants, as well as the safety and economy
of the supply and operation of nuclear fuels. From the
perspective of the construction costs of both established
and in-construction nuclear power stations, the cost level
of the initial investment in nuclear power in China has
been reduced from 2,068 USs/kW in Daya Bay to 1,385
USs/kW in the Qinshan Phase-II project. This research
assumes that the capacity cost of nuclear power construc-
tion in the base year is 10,000 RMB/kW.

(5) Wind power

In recent years, the development of wind power techno-
log_y has mainly been concentrated in the expansion in
the scale of the monomer unit. Rcducing costs is one of
the important tasks for the development of wind power
technology. A]ong with the increasing maturity of wind
power manufacturing and development technologies and
the scale development of wind power, wind power costs
have been constantly reduced in the past twenty years. In
the development of onshore wind power, the cost of wind
power units accounts for approximately 65% - 84%; the
operating and maintenance costs of wind power (inclu-
ding service, spare parts, insurance, management, other
expenses, etc.) account for approximately 25%.

The average investment in the installed capacity of ons-
hore wind power units in China is approximately 9,000
RMB/kW. It is estimated that the average investment
in the unit installed capacity of onshore wind power in
China in 2030 and 2050 will be greatly reduced.

(6) Solar power generation

Since 2011, China has been the largest manufacturer of
solar energy cells and components in the world, and out-
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put exceeded 50% of global production in 2012. Under
the dual driving factors of continuous technical progress
and fierce industrial competition, in the past ten years
the price of solar battery packs has been rapidly reduced
from 46 RMB/W to 4.6 RMB/W, and the cost per kWh of
power to approximatcly 1 RMB/kWh. The cost of‘photo—
voltaic power generation, on the other hand, approaches
that of conventional power generation.

It is estimated that the price of solar battery packs will
be further reduced in the future, from the present 8,500
RMB/kW to 7,000 RMB/kW by 2030. The conversion ef-
ficiency of monocrystalline silicon and polysilicon com-
ponents will be improved from the present 17% and 16%
rcspcctively to 25% and 24% in 2030.

(7) Biomass power generation

The biomass power generation industry has developed
rapidly in China in recent years and has become the
most mature and largest field in modern biomass ener-
gy utilization technology. The cost composition of bio-
mass power generation is similar to the cost of coal-fired
power generation in being divided into three parts: ini-
tial investment, equipment operation and maintenance
costs, and fuel costs.

At present, the initial investment cost of biomass power
generation is 8,600 - 11,000 RMB/kW. The cost of most
projects falls within a range of between 9,000 -10,000
RMB/kW. Since the investment cost has no direct rela-
tion to regional distribution, in this research, the initial
investment of biomass power generation projects in the
base year is calculated at 9,500 RMB/kW.

From the perspective of time scale, due to the progress
made in power generation technology, initial investment
in various modes ofpowcr generation will vary over time.
Therefore, the price relationship between the unit initial
investments of various forms of power generation will
also vary over time, further affecting the decision-making
of power investment enterprises. The research group as-
sumes the future changcs in initial investments in unit
installed capacity in various modes of‘powcr generation
that are shown in Figure 6-10. It is estimated that, due
to scale effects and technical progress in renewable en-
ergy sources, capacity costs will be grcntly reduced in the
next twenty years. At the same time, since the room for
technical progress in fossil energy power generation is
small and the scale benefits almost saturated, declines in
future capacity costs will be limited. New changcs such
as these will be favorable to the large-scale development
of renewable energy sources such as wind power, solar
power, etc.



FIGURE 6-10. Initial investment costs of different power generation technologies
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At the same time, resources such as straw, methane and

FIGURE 6-11. Fuel cost changes of different power generation technologies
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FIGURE 6-12. Future terminal power demand and heat demand in China
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Power and heating power demand

Figures for power and heating power demand used by
the research group are worked out with reference to
the situation in the terminal energy consumption sec-
tor, including industry, building, transportation, etc. in
the reference scenario. In the reference scenario, future
power demand and heating power demand in China will
both sce great growth. By 2050, power demand will be
3.0 times what it was in 2010, and heating power demand
3.2 times (as shown in Figure 6-12). In the intensified en-
ergy-saving scenario, future terminal power demand and
heating power demand will be greatly reduced compared
with that in the reference scenario.

It should be noted that, in order to better reflect the
impact of improvements in the energy Cfﬁcicncy of the
power sector on energy demand, the research group uni-
formly adopted terminal power demand and terminal
heating power demand in the reference scenario as the
basis for analyzing this impact, instead of the terminal
power demand and heating power demand in the inten-
sified energy-saving scenario. The calculation may the-
refore overestimate the energy saving potcntial of the
power sector to some extent. Therefore, when the entire
energy system is analyzed and the national amount of
energy savings calculated, energy savings in the power
sector as measured in this chapter should not be added
dircctly to the ﬁgurc for energy savings in industry or the
building and transportation sectors.

112 | CHINAENERGY EFFICIENCY SERIES

Difference between modes of power generation in

the two scenarios

Estimating changes in the scale and structure of instal-
led power generation capacity in the future forms an im-
portant basis for formulating development plans for the
power sector in the future. The total scale of national ins-
talled power generation capacity and the variation trend
in the power structure over time as obtained from the
research group’s model analysis are shown in Figure 6-13.

In the reference scenario, in order to meet the constant
growth in power demand, the scale of the main power
generation modes, inc]uding coal-fired power, gas power,
hydropower, nuclear power, wind power, photovoltaic
power generation, etc., will be markcdly increased. Of
this, coal-fired power will be increased from 660 GW in
2010 to 2100 GW in 2040, wind power from 30 GW to
910 GW, and photovoltaic power generation from almost
zero to 1200 GW. In respect of coal-fired power genera-
tion units, the development of cogeneration units will
not be so rapid. Comparatively speaking, in the inten-
sified energy-saving scenario, the installed capacities of
wind power, photovoltaic power and nuclear power will
be highcr. By 2050, the installed capacity of wind power
will be increased from 910 GW to 1600 GW, of photovol-
taic power generation from 1200 GW to 2500 GW, and of
nuclear power from 350 GW to 400 GW (see Figure 6-14).

Energy Saving in the Power Sector in Two Scenarios

In the two scenarios, great differences appear in the
consumption of fossil fuel. In the reference scenario,
fossil-fuel consumption in the power sector will be in-
creased from 1.02 Gtce in 2010 to 178 Grce in 2033; the-



FIGURE 6-13. Installed power-generation capacity under the Reference Scenario in China
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FIGURE 6-14. Installed capacity of wind power and solar PV in China under the Reference Scenario and the

IEC Scenario
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reafter, it will be reduced to 1.05 Gtee, the peak value
appearing around 2035. In the intensified energy-saving
scenario, the peak value of fossil-fuel consumption in the
power sector will appear around 2030, approximately five
years ahead compared with the reference scenario. The
peak value will be 1.61 Gtee, reduced by 180 Mtce com-
pared with that in the reference scenario. By 2050, fossil
energy consumption in the intensified energy-saving sce-
nario will be lower than that in the reference scenario
by 341 Mrce. This reflects the comprehensivc effects in
improving the efﬁciency of energy technology in China

and the structural adjustment of the power generation
and heating power sectors in the future.

It is worth mentioning that, in the intensified energy-sa-
ving scenario, fossil energy is mainly consumed by way of
combined heat and power generation and heat supply. The
fossil-fuel energy consumed by combined heat and power
generation as a share of total fossil energy consumption
is up to 70.0%; fossil fuel use in the reference scenario
by 2050 will be only 30.7% used for combined heat and
power generation and 51.7% used for Clcctricity-only ge-
neration (see Figurc 6-16). Fossil-fuel Cncrgy-bascd coge-
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FIGURE 6-15. Fossil fuel consumption in China under the Reference Scenario and the IEC Scenario
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FIGURE 6-16. Different mixes of fossil fuel consumption

under the Reference Scenario and the IEC Scenario
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neration will be difficult to replace by renewable energy
source power generation. This explains Why gross fossil-
fuel demand will still be maintained and will not decline
to some extent after 2045 (see Figure 6-15).

Energy savings resulting from the improved

transmission efficiency of the electric grid

Model analysis indicated that, in reference scenario and
intensified energy-saving scenario, the energy saving
amount of grid transmission and distribution line loss
resulted from the improvement in grid efficiency will be
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gradually expanded. Compared with reference scenario,
by 2050, the improvement in grid energy efficiency in in-
tensified energy-saving scenario will bring in the energy
saving amount of 15 Mtce (as shown in Figure 6-17).

Energy savings resulting from the improved

efficiency of condensing power generation units

Model analysis indicates that, in both the reference sce-
nario and the intensified energy-saving scenario, as the
cfﬁciency of pure condensing power generation units is
improved, the fossil-fuel consumption of the pure power



FIGURE 6-17. Energy saving from improved grid efficiency
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sector will be reduced. The energy savings rcprcscnted by
investments in fossil-fuel consumption (the investment
in renewable energy sources is not included) will be gra-
dually improved. Comparcd with the reference scenario,
by 2050, continuous improvements in the Cfﬁcicncy of
thermal power generation units in the intensified energy-
saving scenario will produce energy savings 0f56 Mtce (as
shown in Figure 6-18).

Energy savings resulting from the expanded scale of

CHP

Cogeneration, as a high-efficient and energy-conserving
mode of power generation and heating, will effectively
improve the utilization rate of fossil fuels after large-scale
generalization. After expanding the power generation
and heating capacity of cogeneration units, the installed
scale and generation capacity of pure condensing power
generation units will be reduced. The demand for boiler
heat supply will also be reduced. Therefore, when the

energy saving amount resulting from the expansion of

FIGURE 6-18. Energy saving from improved power generation efficiency of pure condensing units
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FIGURE 6-19. Energy saving from expended application
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the installed capacity of’ cogeneration units is measured,
overall consideration will be given to the increase in the
fossil-fuel consumption of cogeneration units, reductions
in fossil-fuel consumption resulting from the decline in
the scale of pure condensing power generation units, and
reductions in fossil-fuel consumption resulting from the
decrease in the heating scale of pure boilers.

Model analysis indicates that the energy savings resulting
from the increased installed capacity of cogeneration
units (i.e., reduced fossil fuel o) will be increased with
improvement to the installed scale of cogeneration. By
2050, fossil energy consumption in the intensified ener-
gy-saving scenario may be reduced by 32 Mtce compared
with the reference scenario, equivalent to saving fossil
fuel amounting to 32 Mtce. By about 2045, this alternative
effect will reach its peak value, and the energy savings
will reach 33 Mtce (see Figure 6-19).

Energy savings resulting from improved installed

capacity of renewable energy sources and nuclear
power generation

After the installed capacity of renewable energy and nu-
clear power has been improved, it will reduce the capa-
city of condensing power, thus reducing the consumption
of fossil fuels accordingly. Model analysis indicates that,
by 2045, the energy savings resulting from the improved
installed capacity of renewable energy and nuclear power
will be increased to 620 Mtce. By about 2045, since the
peak value of fossil fuel consumption in the reference sce-
nario will come a little later and in the intensified energy
conservation will come earlier, the reduction in fossil fuel
consumption resulting from the difference between the
two (the ‘energy saving amount’ of the power sector defi-
ned in this chapter) will rapidly decline to approximately
240 Mtce (as shown in Figure 6-20).

FIGURE 6-20. Energy saving from higher installed capacity of renewable energy sources and nuclear power
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Waterfall chart of energy efficiency in the power
sector_

In summary, in the long term, the power sector in China
will see the dominant role of thermal power (especially
coal-fired power generation) declines and a gradual shift
toward renewable energy sources and nuclear energy by
2050. This will be the general trend in the development
of the Chinese power sector. At the same time, there is
still potential for China’s power sector to save energy and
reduce fossil fuel consumption.

The analysis conducted by the research group indicates
that, compared with the reference scenario, in the inten-
sified energy-saving scenario, by 2050 the maximum ‘en-
ergy efficiency’ potential (defined by the research group
as the potential for reducing fossil fuel consumption) will
come from replacing fossil-fuel power generation and
heat supply with renewable energy sources and nuclear
power. Energy savings will be 248 Mtce; for improving the
power generation echiency of thermal power generation
units, by 2050, there will be an energy efficiency potential
of 56 Mtce, for advancing cogeneration 32 Mtce, and for
improving grid efficiency 15 Mtce (see Figure 6-21). It is to
be noted that, in a future age of power being dominated
by renewables, the reduction of fossil fuel consumption
by improving energy efficiency will be relegated strategi-
cally to a secondary position.

Therefore, from the long-term perspective, the main fea-
ture of the power sector in the future will be its transfor-
mation from existing improvements to thermal power cf-
ficiency to attempts to improve the share of zero-carbon
energy, such as renewable energy and nuclear power. For
Chinese decision-makers in the energy field secking new

solutions for new situations, it will be important to grasp
the gcncral trend of dcvclopmcnt in the Chinese power
sector in the future and the changc in the focus of work
on energy cfﬁcicncy work.

6.3 IDENTIFICATION OF HIOS
OF THE POWER GENERATION
SECTOR IN CHINA

The difference between the reference scenario and the
intensified energy-saving scenario in the results in the
model are attributable to both technical and structural
factors. The major technologies with an impact on the
power sector include cogeneration (e.g. transforming
pure condcnsing units into cogeneration units), energy
conservation transformations of thermal power genera-
tion units, improving grid transmission, distribution effi-
ciency, etc. The structural factors include reducing fossil
fuel consumption, mainly including improving the share
of renewable energy, developing nuclear power, generali-
zing natural gas power generation, etc.

6.3.1 TECHNICAL HIOS

HIO 1: Transformation of pure condensing units to

realize cogeneration

The tcchnology for transforming pure condcnsing tur-
bine units to realize cogeneration is mainly applicd to
125-200MW pure condcnsing turbine units in the power
sector. The technical principle is the holing-extraction of
pure condcnsing turbine units to enable them to serve the
dual functions of pure condcnsing power generation and

FIGURE 6-21. Waterfall chart of energy efficiency improvement potential in the power sector
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heat supply. (1) No change will be made to the body of
pure condcnsing turbines. Holing—cxtraction is conduc-
ted through two mcdium—low—prcssurc connecting pipes,
consolidnting the same sides, and making use of the regu-
lating valve and main governing valve to control the ex-
traction parameters to enable the pure condensing power
generation unit to assume the functions of cogeneration
and pure condensing power generation. (2) In dual-func-
tion mode, the pure condcnsing mode maintains the ori-
ginal operating mode without a changc. For operation in
the form ofcogcncration, in order to maintain the safcty
performance unchanged, a heating capacity of 150t/h and
above can be achieved, thus reaching the requirements of
the basic indicators of cogeneration, namcly the heat-to-
clectric ratio: >50% and thermal efficiency: >45%. (3) The
parameters of heating, heat supply and extraction after
transformation cornply with the requirements of the
conventional heat supply.

At present, the average energy consumption of 200 MW
thrcc—cylindcr three-exhaust pure Condensing turbine
units is approximately 355gce/kWh, while that of centra-
lized boiler rooms is approximately 52kg/GJ. From the
perspective of the technical and economic parameters
of the existing investment project, investment in the
transformation of the two sets of 200 MW three-cylin-
der three-exhaust pure condensing gas turbine units re-
quircd will be RMB 16 million, achieving energy savings
of 14,000 tce per year. The analysis of the China Catalo-
gue for Generalization of Energy Efficiency and Low-carbon
Technologies (2015) suggests that the generalization ratio of
cogeneration technologies realized through the transfor-
mation of pure condensing turbine units is less than 5% at
present. It is estimated by 2020 the technical generaliza-
tion ratio will be 10%. During the 13th Five-year Plan pe-
riod, the total investment required will be approximately
RMB 1.6 billion, and China will achieve energy savings of
4 Mtce per year.

The main barriers to the transformation of generali-
zing cogeneration include (1) the lagging behind of the
construction of urban heat supply network infrastruc-
ture. In China, thermal power plants generally belong to
power generation companies, while heat supply networks
are generally planned and constructed by local govern-
ment and heating power companies. The enthusiasm of’
local government and local heating power companies
for heat supply network construction is not high, and
such construction is not timely, possibly impeding the
development of cogeneration. (2) The heating power and
power system is incomplete. Under the existing system,
heat power plants and thermal power plants will bid to
access the network on an equal basis. However, since the
installed capacity of heat power plants is restricted by
thermal load, property, etc., unit capacity will be much
smaller than the scale of the existing pure condensing
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steam generator units. In addition, thermal power plants
are usually close to urban and dcnscly inhabited districts,
and environmental protection standards will be much
highcr7 and so will unit investment as a result. This means
that combined heat and power generation and pure
condcnsing thermal power generation units are usually
disadvantngcous in grid competition. (3) The generation
capacity of cogeneration units is affected by hcnting
power demand. Cogeneration units are usually dcsigncd
according to the principlc of ‘ordcring power by heat’;
when the heat load demand is instable, the generation
capacity will also be affected. Therefore, the problcm has
arisen that the economic benefits of heat power plants
are affected by the instahility of the hcating power load
and electric load. If the growth in economic dcvclopmcnt
slides and the rate ofopcration ofcntcrpriscs becomes in-
sufficient, new changcs will have to take placc to hcating
and power demand in industrial parks7 and the difficul-
ties in guaranteeing the economic benefits of cogenera-
tion unit will increase.

HIO 2: Comprehensive energy conservation

transformation technology of coal-fired power plants

The comprehensive energy conservation transformation

technology of coal-fired power plants mainly consists of

the comprchcnsivc transformation of turbine units, the
in-depth recovery of residual heat from flue gas, conden-

ser vacuum kccping7 and other tcchnologics dcsigncd o

realize energy cfficiencies in the operation of the power

plant.

(1) Comprchcnsivc tcchno]ogy for improving the pcrfor—
mance of turbine units in thermal power plants. This
tcchnology is mainly applicab]c to gas turbine gene-
rator units that have been commissioned with higher
energy consumption. By optimizing the body of the
turbine and thermal system, analyzing equipment
dcsign and manufacturing, power pl:mt dcsign and
auxiliary machine configuration, equipment instal-
lation and overhaul, operation and maintenance,
and their mutual relations, turbine performance will
be comprchcnsivcly improvcd. Key tcchnologics for
transformation include turbine unit pcrformancc
diagnosis tcchnology7 tcchno]ogics for improve
turbine unit performance, technologies for impro-
ving heat-power systems and equipment, measures
and methods for improving equipment overhaul, and
best practice opcrationa] and maintenance measures
and methods. Through improvements, the unit
heat consumption rate will be reduced by 80-150](]/
kWh (mainly for the 300-600 MW class unit). After
improvement, the unit can reach a highcr economic
level in the long term and also reduce maintenance
costs and pollution emissions per unit ofgcncration

capacity.



(2) Technology of waste-heat in-depth recovery of the
thermal power plant exhaust gas comprchcnsivc
optimization system. This tcchnology is :1pplicnblc to
coal-fired units with an actual exhaust gas tempera-
ture greater than 120°C. The principlc of this techno-
logy is to install gas coolers at the tail flue between
the air prc—hcatcr of the power station boiler and the
clectric Pprecipitator, thus rcducing the flue tem-
perature to approximatcly 90°C. The recovered gas
heat may heat the compcnsatcd water from 70°C to
npproximatcly 110°C, thus pushing out low—prcssurc
heater steam extraction and increasing the action
of the turbine. While recovering residual heat from
flue gas, the system will not affect the long—cyclc
safe operation of the heat system. This can not only
reduce the exhaust gas temperature and improve the
cfficicncy of the unit, but also improve the cﬂicicncy
of the electric precipitator and save water consump-
tion by the dcsulfurizing tower. The kcy tcchnologics
for this transformation are mainly the dcsign of the
gas cooler, a low—tcmpcrnturc corrosion study of the
flue gas cooler, anti-ash and anti-abrasion dcsign of
the gas cooler, heat system optimization dcsign and
control, etc. After adopting flue gas in—dcpth cooling
tcchnology, coal consumption for power generation
will be reduced by 2-3g/kWh. Compared with tra-
ditional low—tcmpcraturc economizer tcchnologics,
since the in—dcpth cooling cffect increases energy
savings by more than 30%, dust emissions will be
reduced by more than 50%.

-

(3) Vacuum holding energy efficiency system technology
of thermal power plant condensers. This technology
is applicablc to the generation units of water-cooled
condenser systems in various spcciﬁcations. Conden-
sers deal with the exhaust steam from turbines and
the heat exchange of cooling water. The fouling
formed in the condenser cooling tube can not only
affect heat exchange efficiency and further reduce
turbine cfﬁcicncy7 it also casily corrodes the conden-
ser and wearing tube, reducing the vacuum, etc., and
scriously achcting the economic and safe operation
of the turbine. Turbine condenser vacuum holding
energy efficiency systems clean using a rubber ball
and can automatically and continually eliminate

the Fouling of the condenser and maintain a ball
collection rate of more than 95% for long periods

of time. After normal operation, the cleanliness

of the condenser will be improvcd and kcpt above
0.85 for long pcriods of time, thus improving unit
performance and reducing the energy consumption
of the turbine. The application of this tcchnology
can maintain the ball collection rate above 95% for
long pcriods of time, kccp all che cooling tubes of
the condenser clean for a long time, avoid manual

clcaning by closing down, and significantly reduce
the terminal temperature difference of the gas
turbine. The dcgrcc of vacuum in the condenser can
be obviously improvcd and kcpt at an ideal vacuum
value, and the average coal consumption of turbine

will be reduced by 2-4g/kWh.

Based on an actual case from the existing project, it is
estimated that by making use of the comprchcnsivc tech-
nology for the performance of turbines in thermal power
plants, by transforming five units with investments of
RMB 18 million, the energy saving potential is about
54,000 tee per year. By transforming a 300 MW unit with
an investment of RMB 9.6 million for the in-depth reco-
very technology of residual heat for the flue comprehen-
sive optimization system of the thermal power plant, it
can realize energy savings of 3900 tce per year. Through
the transformation of two sets of 310 MW units with an
investment of RMB 8 million in the condenser vacuum
holding energy efficiency system technology of the ther-
mal power plant, energy savings of 6000 tce per year can

be achieved.

Analysis of the China Catalogue for Generalization of Energy
Efficiency and Low-carbon Technologies (2015) indicates that
the generalization share of the comprehensive techno-
logy for improving the performance of the turbine unit
of thermal power plants is at present less than 10%. It is
estimated that by 2020 the technology generalization rate
will be 30%. During the 13th Five-year Plan, the total in-
vestment required will be approximately RMB 1 billion,
producing expected energy savings of 2.1 Mtce per year.
The generalization rate of the residual heat in-depth re-
covery technology for the comprehensive optimization
system for the flue gas of thermal power plants is ap-
proximately 10%. It is estimated that by 2020 the tech-
nology generalization ratio will reach 50%. During the
13th Five-year Plan, the total investment required will
be approximately RMB 7.2 billion, with expected energy
savings of 3.2 Mtce per year. The generalization rate of
the vacuum holding energy efficiency system technology
of the condenser of the thermal power plant will be less
than 3%, and it is estimated by 2020, the technology gene-
ralization share will reach 20%. During the same plan, the
total investment required will be approximately RMB
3.2 billion, with expected energy savings of 1.7 Mtce per
year. During the same plan as well, total investment in
the generalization of the three technologies in the ther-
mal power sector is expected to be RMB 11.4 billion, with
energy savings of 7 Mtce per year.

HIO 3: Newly built unit adopts |arge-capacity, high-

parameter coal-fired generation unit.

Ultra-supercritical power generation technology uses
large-capacity, high-parameter units, which will be
distinctively advantageous in efficiency, reduce coal
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consumption and reduce carbon emissions. In 2010, the
average gross coal consumption rate in China was 333
gce/kWh. The gross coal consumption rate of super-
critical coal-fired power units with a capacity of 6oo
MW and above was less than 300 gcc/kWh, potcntially
rcducing CO, emissions by approximatcly 110 g/kWh.
According to actually measured data, the power supply
coal consumption of two sets of supcrcritical generation
units in Shanghai Waigaogiao Plant No.3 may be 274.7
gcc/kWh, and the SO, NOx and dust discharged will be
much lower than the national environmental protection
standard. During power generation, emissions of NOx
are even lower than for gas-burning thermal power units
in the same conditions (Table 6-7).

HIO 4: Implement grid energy conservation
transformation

In iinking power transmission and distribution, the gene-
ralization of such tcchnologics as controllable automatic
c:lpacity—rcgulating and Voltagc—rcgulating distribution
transformers, full optical fiber current / Voltagc trans-
formers, fast cddy current drives and short circuit iden-
tification-based power grid operation control, overhead
ground wire insulation grounding method-based power
line and energy cfficicncy tcchnology, ete. will producc
marked energy cfficicncy potcntials.

(1) The controllable automatic Capacity-reguiating
and Voitagc-rcgulating distribution transformer
tcchnology is one of the power industry’s icading
pieces of equipment, consuming power energy while
transmitting it. Although the efficiency of transfor-
mers reaches 96.0%-99.7% due to large consumption
levels and a wide range ofappiications, there are
considerable numbers ofhigh—cncrgy consumption
transformers still in the operation in China’s electric
grid7 the power energy consumed bcing astonishing.
In electric grid loss, transformer loss accounts for
more than 60%. The loss of all transformers accounts

for more than 4% of national generation capacity,

of which the loss of the distribution transformer
accounts for approximately 30% of the total loss.
Therefore, reducing the energy loss consumption

of transformers has increasingly become one of the
kcy points in the energy conservation of the power
system. Controllable automatic cnpacity—rcguiating
and Voitagc—rcgulating distribution transformer tech-
nology is applicabic to 10kV distribution networks
in the power sector. This technology makes use of
combined type capacity/vo]tagc regulating switches
to change the connection of each tap in the coil of
the transformer and the load switch state to provide
such functions as automatic capacity rcgu]ation [vol-
tage regulation, remote negative control, three-phase
active imbalance adjustmcnt etc., to achieve energy-
cfficient transformer operation. Comparcd with the
Type Su1 transformer, the total loss of the operation
will be reduced by 48%; comparcd with the Type S9
transformer, it will be reduced by 53%.

(2) Full optical fiber current / voltage transformer
technology. Current transformer and voltage trans-
formers are one of the core pieces of equipment that
form the basis of smart electric grids. Traditional
clectromagnetic-type current transformers will
not only consume a great quantity of nonferrous
materials such as copper, aluminum, etc., but also
great quantities ofcncrgy during operation. Com-
pared with traditional mutual inductors, full optical
fiber current sensor technology will not consume a
great quantity of nonferrous metals, nor pollute the
atmosphcrc, water, ctc. This is an energy-saving, en-
vironment protecting, high—tcch product and will be-
come the alternative product to the traditional mu-
tual inductor in the future. Full optical fiber current
/ voltage transformer technology will be used in large
smart transformer substations. The key technologies
include Zero—phasc position and modulated wave

TABLE 6-7. Actually measured emission performance of the ultra supercritical generation unit at Shanghai

Waigaogqiao Third Power Plant

PARAMETER UNIT AMOUNT NOTE

Power generation GWh/half a year 5,728 Two units: #7, #8

capacity

Coal consumption g/kWh 274.65

SO, Kg/tce 047 National environment protection standard: 2 Kg/tce
After overhaul of unit #7, 0.17 Kg/tce

NO, Kg/tce 0.37 National environment protection standard: 4.5 Kg/tce;
Emission of unit #8, installed with SCR;
Emission of fuel gas cogeneration is 1.2 Kg/tce.

Dust Kg/tce 015 National environment protection standard: 0.5 Kg/tce

(Source: January - June 2013 Report of Shanghai Waigaogiao Third Power Plant, actually measured results)
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reset double closcd—loop control (negative feedback)
tcchnology, full optical fiber current transformer
error and suppression tcchnology, common optical
pat]n7 differential signal demodulation tcchnology,
ctc.

-

(3) Fast eddy current drive and short circuit identifica-
tion-based power grid operation control tcchnology.
The high and low Vo]tage transmission lines in China
usua]ly have current ]imiting reactors and series
compensation capacitors to prevent short circuits,
reduce loss of line and improve Vo]tagc quality. As
the electric grid has been Constantly Cxpandcd in
China in recent years, the short-circuit capacity of
the power system will be increased Continually. The
app]ication proportion of current limiting reactors
will be increased year by year. When a short-circuit
faulc occurs on an electric grid system, current
limiting reactors can play the role of reducing the
impact on clectric grid equipment, but since the se-
ries connection in electric grids will produce a great
quantity of heat loss, this will lead to increases in
line loss and cause the loss of power energy. A set of
current limiting reactors may consume several hun-
dred thousand to millions of kWh of power energy
annually. Series capacitors can solve the problems
of the poor quality of the terminal Voltagc of the
power transmission line and excessive grid loss, but
restrictions such as the highcr cost of series compen-
sation capacitor tcchno]ogy7 inconvenient mainte-
nance, etc., make it difficult for series compensation
capacitor devices to be gcncralizcd and applicd on

a large scale. Fast eddy current drives and short
circuit identification-based power grid operation
control technologies are applicable to those places
where long-distancc transmission lines, transformers
with high leakage impedance in the power sector, or
clectric reactors and other energy-consuming equip-
ment operate for long periods of time. By way of fast
cddy current drivc-type vacuum circuit breakers, in
combination with power grid fault fast recognition
techno]ogy, inputting compensating capacitors in
long-distance transmission lines or current limiting
reactors in cases of electric grid failure, this will
reduce the power energy loss of current limiting
reactors and avoid the impact of large current and
high voltage surge current to series compensation
capacitors during short circuits, this achieving the
highly efficient operation of the electric grid.

(4) Overhead ground wire insulation grounding method-
based power line and energy efficiency technology.
y
Overhead ground wire provides security assurance
in power transmission lines, but power transmission
wires produce electromagnetic induction and form
induced currents between ground wires and between

ground wires and the earth. Calculated according to
the existing design standard in China, among 110kV,
220kV and 500kV power transmission systems, the
energy loss of overhead ground wires will be 3,700
kWh/km per year, 14,400 kWh/km per year, and
28,400 kWh/km per year respectively. By taking

the line scale of the south power grid, the power
energy loss of overhead ground wires each year is
approximately 1.67 billion kWh, equivalent to the
consumption of 540,000 tce. Overhead ground wire
insulation grounding method-based power line and
energy cfficiency technology will change the earthing
mode ofordinnry ground wire and optical fiber com-
posite overhead ground wire from tower-to-tower
grounding to insulation singlc point grounding, thus
cutting off the current path between grounding wire
and earth and reducing the energy loss generated by
induced current. At the same time, through the ef-
fective control of‘voltngc, it will reduce the potcntinl

SilfCty hnzard.

From the perspective of the operating effects of the exis-
ting project, controllable automatic capacity-regulating
and voltage-regulating distribution transformer techno-
logy is introduced to conduct intelligent transformation.
An investment of RMB 14 million can realize energy
savings of 1800 tce per year. Full optical fiber current/
voltage transformer is used for the intelligent transfor-
mation of high-voltage equipment, and an investment of
RMB 2 million can realize energy savings of 1000 tce per
year. Fast eddy current drives and short circuit identi-
fication-based power grid operation control technology
are used, and an investment of RMB 3 million can realize
energy savings of38oo tce per year. For AC transmission
power efficiency technology based on overhead ground
wires, an investment of RMB 22,000 can realize energy
savings of 150 tce each year.

Analysis of the China Catalogue for Generalization of En-
ergy Efficiency and Low-carbon Technologies(2015) indicates
that the share of generalization in controllable automatic
capacity-regulating and voltage-regulating distribution
transformer technology in 2006 was less than 1%; it is es-
timated that by 2020 that the rate will be 5%. During the
13th FYP period, the total investment required will be ap-
proximately RMB 5.2 billion, with expectations of energy
savings of 670,000 tce per year. The generalization rate of
the full optical fiber current/voltage transformer is ap-
proximately 1%, and it is estimated that by 2020 the gene-
ralization rate of the technology will be 50%. During the
13th Five-year Plan period, the total investment required
will be approximately RMB 1.8 billion, with expectations
of energy savings of 1 Mtce per year. The generalization
rate of the fast eddy current drive and short circuit iden-
tification-based power grid operation control technology
will be less than 1% and will be 40% by 2020. During the
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13th Five-year Plan pcriod, the total investment rcquired
will be approximatcly RMB 500 million, with expecta-
tions of energy savings of 1.90 Mtce per year. The genera-
lization rate of overhead ground wire insulation groun-
ding method-based power line and energy cfficicncy
tcchnology will be approximatcly 1%, with expectations
that by 2020 the generalization rate of the technology
will be 30%. During the 13th Five-year Plan pcriod7 the
total investment rcquircd will be RMB 250 million, with
expectations of energy savings of 810,000 tce per year.
During the 13th Five-year Plan period, the estimated in-
vestment rcquircd for improving power transmission and
distribution cﬂicicncy will be more than RMB 7.7 billion,
with energy savings of more than 4.38 Mtce per year.

6.3.2 STRUCTURAL HIOS

HIO 1: Speed up the development of renewable
energy

Renewable energy power generation will not emit any
carbon dioxide during power generation and is characte-
rized by ‘zero carbon power’. At the same time, renewable
energy sources do need manpower to prepare ‘fuel’. Once
the power generation facility has been constructed,
power can be used continuously free of charge and is cha-
racterized as ‘near zero cost’ energy. In the context of res-
ponding to climate change, renewable energy sources are
considered to be the alternative energy source with the
greatest potential. In 2011, at the United Nations General
Assembly, the United Nations Secretary-General Ban Ki-
moon declared the goal of ‘Sustainable Energy for All,
i.e.: (1) by 2030, the whole world population should have a
modern energy service; (2) the speed of improving energy
efficiency should be doubled; (3) the share of renewable
energy in the energy used globally should be doubled.

In China, the share of renewable energy in primary en-
ergy consumption has been made one of the compulsory
objectives of Chinese economic and social development.
The latest objcctivc is that the proportion of renewable
energy in the consumption of primary energy will be
increased from 12% in 2015 to 15% in 2020. In order to
:1ccomp1ish this objcctivc, the Chinese government has
drawn up an ambitious renewable energy source deve-
1opmcnt plan and promotcd realization of the objcctivc
by such measures as government subsidies, implcmcnting
quotas for renewable energy, etc.

The barriers faced by renewable energy source power
generation in China include: (1) che greater cost of unit
installed capacity. At present, the unit installed cost of
renewable energy is higher than coal-fired power, and
Chinese enterprises have not Fu]ly mastered some core
tcchnologics. Therefore, power generation pricing has
become the main barrier to whether largc—scale genera-
lization can be implemented in the future. (2) The capa-
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city of the electric grid to digcst sources of renewable
energy is relatively limited. At present, China’s electric
grid has insufficient capability to digcst renewable en-
ergy sources, lcading o problcms of wind abandoning,
water abandoning, light abandoning, etc. In minority
areas, wind abandoning and light abandoning have even
reached levels of one-third. The insufficient absorption
capacity of the electric grid has alrcady become the most
important bottleneck in the dcvclopment of renewable
energy sources.

HIO 2: Scale development of nuclear power

International experience has shown that nuclear power
is one of the most important low-carbon energy sources,
and it has assumed an important position in the power
structure of dcvclopcd countries. Through more than
three decades of dcvclopmcnt, China has basically gras-
pcd the second generation of prcssurizcd water reactor
power generation tcchnology. China’s energy dcvclop—
ment strategy sees the safe dcvclopmcnt of nuclear power
as one of its important objcctivcs in energy dcvclopmcnt.
At present the generation capacity of nuclear power in
China only accounts for 2-3% of national generation capa-
city. In order to realize the scale dcvclopmcnt of nuclear
power, China has alrcady bcgun to construct the second
generation and a half and the third generation of pressu-
rized water reactor nuclear power stations. Today7 China
has become the country with the most nuclear power
plants under construction in the world. It is cxpcctcd
that nuclear power will play a more important role in
Chinese energy structure in the future.

Barriers faced by China in the dcvc]opment of nuclear
power include: (1) Investment in unit initial installed ca-
pacity will be very high. At present the unit installed cost
of nuclear power is obviously higher than for coal-fired
power. Especially in the case of third-generation pressu-
rized water reactor technology, Chinese enterprises are
still at the construction phase of demonstration pro-
jCCtS, and the initial investment will be relatively higher.
(2) Coastal factory sites are insufficient, and the merits
of onshore nuclear power initiation are still in disputc.
Concerning nuclear power safcty, there are still different
voices in China. Especially after the Fukushima Daiichi
nuclear disaster, there are still some debates on whether
the construction of nuclear power stations should be ini-
tiated in the inland areas of China.

HIO 3: Develop natural gas power generation

Natural gas power generation units are characterized by
quick pcak regulation responses and rc]ativcly low car-
bon dioxide emissions compared with coal-fired units.
Natural gas power generation, which uses a low-carbon
fossil fuel, not only helps carbon dioxide emission reduc-
tion, but also undertakes the important task of peak re-



gulation in power grids when renewable energy sources
dcvelop ona largcr scale in the future, when the installed
power generation capacity of natural gas in China will
enter a stage of rapid growth.

The barriers faced to the development of natural gas
power generation include: (1) the cost of unit installed
capacity is relatively high. At present, Chinese enter-
prises have not fully mastered the design and manufac-
turing technology of the heavy-duty gas turbines used in
power generation. The unit installed cost of gas turbines
is higher than for traditional coal-fired power units. The
higher price hinders the large-scale generalization of na-
tural gas power generation units. (2) The price of natural
gas is still high. Sources of natural gas are scarce in China,
and the price of imported natural gas is also very high.
Higher initial investment and higher fuel costs make it
difficult for natural gas power generation and conven-
tional coal-fired power generation to achieve economic
competitiveness in the power market. (3) The market-
oriented reform of power has not yet been completed. At
present, the grid companies still determines the genera-
ting units for meeting the grid load based on the traditio-
nal economic dispatch model. In this mode, natural gas
power generation, mainly for peak regulation, is difficult
to obtain a higher price for in accordance with the cost
of the peak load. This income is obviously on the low side,
and the economic benefit is very poor.

6.4 POLICY
RECOMMENDATIONS

In order to promote further advance power technology
with high opportunities to affect energy efficiency and
play larger role in power generation, the research group
put forward the following suggestions:

6.4.1 RECOMMENDATION 1: ENCOURAGE
THE PROMOTION OF COGENERATION
ACCORDING TO CIRCUMSTANCES

Encourage cities and industrial parks and zones with suf-
ficient conditions to construct cogeneration units and
encourage coal-fired units to implement the transfor-
mation of cogeneration. Encourage local government to
develop cogeneration and formulate preferential policies
in the areas of initial investment, operation and main-
tenance, infrastructure construction, etc. In areas where
cogeneration development plans have been formulated,
local government should formulate regional heat-sup-
ply pipe network development plans appropriate to the
development scale of cogeneration units to enable uses
based on centralized heat supply to adopt it to the full.
Further promote heat supply system reform, perfect hea-

ting power pricing mechanisms, remove heat supply sub-

sidies and adjust heat supply charging modes.

6.4.2 RECOMMENDATION 2: ENCOURAGE
COAL-FIRED PLANTS TO IMPROVE POWER
GENERATION EFFICIENCY

Encourage coal-fired power plants to establish enter-
prise energy management systems and formulate energy
conservation and energy cfficicncy improvement plans
on the basis of energy audits and awareness of own re-
sources. Encourage competent dcpartmcnt for power
generation or power association to implcmcnt energy ef-
ficicncy hcnchmarking for power generation enterprises
and create a culture of competition in which power enter-
prises go after ‘energy cfficicncy paccmakcrs7. Implcmcnt
total carbon emissions control and carbon emissions
trade in power generation enterprises through carbon
emissions trade; encourage power generation enterprises
to improve energy cfficicncy and obrtain the economic
benefits of carbon dioxide emissions reductions through
trading.

6.4.3 RECOMMENDATION 3: STUDY OF
NEW-GENERATION HIGH-PERFORMANCE
AND LOW-COST POWER GENERATION
TECHNOLOGY

Accelerate efforts regarding the research and develop-
ment of new generations of power technology and make
key breakthroughs in the core technology of large wind
power units, heavy-duty gas turbine technology for
power generation, third—gcncration nuclear power tech-
nology, high-temperature gas cooled reactor technology,
etc. Encourage the piloting and demonstration of ad-
vanced tcchnology and strive to realize the localization
of these core technologies in the design, manufacture and
operation early, thus greatly reduce costs.

6.4.4 RECOMMENDATION 4: ENCOURAGE
THE ENERGY CONSERVATION
TRANSFORMATION OF THE POWER GRID
AND THE DIGESTION OF RENEWABLE
ENERGY

Encourage grid enterprises to accelerate the implcmcn-
tation of energy conservation transformation and intel-
1igcnt transformation, and improve the automation and
digitalization of the links between grid trading, transmis-
sion and distribution, schcduling, charging clectric fee,
etc. while rcducing grid line loss. The dcvclopmcnt of
the electric grid should take the digestion of renewable
energy sources as the important dcvclopmcnt objcctivc,
enhance the construction of cross—rcgional transmission
lines and improve the c:lpability of the interconnection
between rcgional grids. Improve the prcdictivc ability of
electric grids rcgarding renewable energy power genera-
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tion and enhance the power generation capacity of pcak
rcgulation in the power grid to ensure that the share of
renewable energy power generation in gross power gene-
ration be improved stcadily.

6.4.5 RECOMMENDATION 5: SPEED UP THE
REFORM OF THE POWER SYSTEM

China has alrcady drawn up a new roadmap for the re-
form of the power system. This calls for the spirit of the
central government to be followed by accclcrating the
market-oriented reform of the power sector, brcaking the
monopoly in such links as power generation, schcduling,
transmission and distribution, sales, etc. and spccding up
marketization, accclcrating the pace of adjustmcnt in kcy
fields such as power pricing, power supervision and ma-
nagement, pollutant emissions, grccnhouse gas emissions,
ctc., to encourage China’s power sector to move in an
high—cfﬁcicncy, clean, low-carbon direction.
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7.1 CONCLUSIONS

Energy efficiency and conservation efforts, either
through improved energy efficiency or energy intensity
tcchnically, or through structural shifts from energy-in-
tensive activities to more service-oriented activities, both
contribute greatly to upgrading the quality of economic
growth, alleviating environmental pressures and impro-
ving energy security. The Chinese government has atta-
ched great importance to energy efficiency and conser-
vation in past decades, setting mandatory reduction
targets for the energy intensity of GDP in its economic
and social development plans, broken down into provin-
cial, municipal, county and energy-intensive enterprises.
Remarkable progress has been made in technical energy
efficiency, as well as improvements in nationwide energy
efficiency and competitiveness. By 2015, energy use per
unit of GDP declined by 18.4% compared to 2010, far ex-
ceeding the set target of 16% for the 12" FYP. From 2010 to
2015, energy efficiency and conservation allowed China
to avoid the equivalent of 865 Mtce of energy use, equiva-
lent to a reduction of 1.82 billion tons of CO, emissions.
Efforts in achieving energy efficiency and conservation in
China contributed greatly to sustainable transformation
globally, accounting for more than half of the world’s en-
tire energy savings in the past thirty years.

Energy efficiency is the most important mechanism
through which countries can act to mitigate climate
change in the short- to long-term, especially in countries
experiencing fast industrialization and urbanization like
China. Over the next few years, China will continue to
draw up various energy-efficiency programs within its
economic and social development strategies in order
to achieve the new target to reduce energy intensity by
15% from 2015 to 2020, as well as to cap primary energy
consumption by around 5 Gtce by 2020. In 2015, China
released its INDCs, in which it promised thar its CO,
emissions will reach peak value in around 2030 and that
it will strive to reach this peak value as early as possible,
that CO, emissions per unit of GDP will decrease by 60%
to 65% against 2005, and that the share of non-fossil fuel
energy in primary energy consumption will reach about
20%. To act on energy efficiency and conservation, China
is not only driven by its domestic need for sustainable
dcvelopment in ensuring its economic prosperity, energy
security and environmental quality, but also by its sense
of responsibility to engage fully in global governance and
promote common development for all human beings. In
accordance with its pledge to cut greenhouse gas emis-
sions, China will also institute a revolution domestically
in energy production and consumption for 2030 and
2050, with improving energy efficiency being an impor-
tant pillar of the strategy.
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Using the LEAP model and the C-CGE (China - Global
Encrgy) model, in addition to various case studies across
industry and the building7 transportation and power sec-
tors, it was concluded that China could achieve its INDC
targets by intcnsifying its energy conservation and low-
carbon transformation efforts. Compare to the reference
scenario, carbon emissions in 2030 could be 15% lower if
China is to achieve its emissions pcak around 2030. Under
the intensified energy-saving scenario, on the other hand,
carbon emissions in 2030 could be 27% lower comparcd
to the reference scenario. Energy efficiency and conser-
vation play a vital role in both scenarios in nchicving the
climate plcdge, contributing about three quarters of total
emissions reductions.

As the low-hanging fruit for energy efficiency has been
gathercd in recent years, the report provides detailed
insights into the future options for energy efficiency. By
conducting comparative analyses and sensitivity analyses
of the reference scenario and the intensified energy sa-
ving scenario until 2050, HIOs for energy efficiency from
both the technical and structural perspectives have been
identified. In total, there are 26 HIOs in the industrial,
building, transportation and power sectors, of which
sixteen are technical and ten structural. Under the joint
effects of technical improvements and structural optimi-
zation, these HIOs together can realize energy savings of
over 2 Gtce in 2050.

In the industrial sector, four technical and three struc-
tural HIOs are identified, which will result in energy sa-
vings of over 1 billion tce in 2050. The selected technical
HIOs included industrial waste heat recovery techno-
logy, advanced industrial combustion/calcination tech-
nology, high-efficiency environment-friendly industrial
boilers, and raw material route-based process adjustment
and energy use optimization. The four technical HIOs
are estimated to save energy amounting to 580 Mtce in
2050, of which nearly 200 Mtce will be saved by industrial
waste heat recovery technology. The structural HIOs in-
cluded ‘de-capacity’ and the transformation development
of energy-intensive industries, industrial ‘eco-link’ deve-
lopment mode and a subversive industrial production
technical revolution. In 2050, the three structural HIOs
are estimated to save energy amounting to about 500
Mtce, of which nearly 200 Mtce is saved by ‘de-capacity’.

In the building sector, four technical HIOs and one
structural HIO are identified, which will contribute en-
ergy savings of over 700 Mtce in 2050. Energy savings in
the bui]ding sector are mainly contributed by technical
HIOs, including promoting passive housing, populari-
zing high energy efficient equipment, carrying out deep-
level energy conservation retrofits to existing buildings
and using low-gradc industrial waste heat for hcating.
The first three HIOs contribute respectivcly energy sa-



vings of 220 Mtce, 200 Mtce and 120 Mtce in 2050. The
structural HIOs mainly involve promoting building in-
dustrialization. Energy savings in 2050 will stand at 30
Mtce. Moreover, building industrialization can save ma-
terials, indircctly lowcring energy consumption in the
industrial sector.

In the transportation sector, four technical and three
structural HIOs are identified, which will contribute
energy savings of 650 Mtce. Technical HIOs include up-
grading the fuel economy of trucks, improving the fuel
economy of light passenger vehicles, developing and po-
pularizing battery electric and plug-in hybrid electric
vehicles, and increasing the electrification of the railways.
In 2050, energy savings from the above HIOs respecti-
vely will be 45.94 Mtce, 12.39 Mtce, 49.22 Mtce and 11.28
Mtce. Structural HIOs include improving the share ratio
of public transport, improving the share of railway use
and promoting vehicle sharing. In 2050, energy savings
from the above HIOs respectively will be 14.85 Mtce, 8.06
Mece and 0.3 Mtce.

In the power sector, four technical and three structural
HIOs are identified, which will contribute energy savings
of 340 Mtce in 2050. Technical HIOs include the erans-
formation of pure condensing steam turbine units to
realize cogeneration, comprchensive energy conservation
transformation technology for coal-fired power plants,
the adoption of large-capacity and high-parameter coal-
fired generation units for newly built units, and the im-
plementation of power grid energy-saving technological
transformations. Structural HIOs include accelerating
the development of renewable energy power generation,
promoting the scale development of nuclear power and
developing natural gas power generation. The biggest fos-
sil fuel energy saving potential in the power sector un-
der the intensified energy-saving scenario in 2050 comes
from the replacement of fossil fuels with renewable en-
ergy and nuclear power for power generation and hea-
ting, which can save energy by 248 Mtce. Improving the
power generation cfficiency of thermal power units can
contribute energy savings of 56 Mtce, popularization of
cogeneration can contribute 32 Mtce in energy savings,
and improvements to power grid efficiency contributes
15 Mrce.

7.2 DISCUSSION

Achieving energy and CO, reductions under the inten-
sified energy-saving scenario will require overcoming
a multitude of barriers to the full deployment of HIOs
that exist in the building, industry, transport and power
sectors. Overcoming these barriers will require the sus-
tained and targeted support of China’s government, its
enterprises and its society at large, including the imple-

mentation of policics that target common actionable
approaches, including aligning government policics and
business interests with the strategic goals of energy cf-
ficicncy and conservation; prioritizing structural adjust-
ment and irrational demand reduction as critical drivers
to make the energy transformation happcn in an affor-
dable and efficient manner; promoting clectrification
and rcforming the clcctricity sector to support clean
and low-carbon supply options; and spurring technolo-
gic:ll innovation and integrative dcsign to minimize in-
vestments in smart and shared infrastructure. Besides,
spccific attention should be paid to sectoral high impact
opportunities, including:

In the industrial sector, widening the channels for enter-
prises to acquire information and application in cases of
energy-saving technologies; improving standard systems
related to energy saving production processes, techno-
logies and equipment; removing system and mechanism
barriers across departments and industries; and esta-
blishing an institutional environment that is favorable to
the optimization and upgrading of industrial structure
and to improving industrial competitiveness. In the buil-
ding sector, strengthening capacity building to promote
passive housing; improving the minimum requirements
for the energy efficiency standards of appliances; explo-
ring dcep—level energy conservation retrofits for existing
buildings; and reinforcing the planning of industrial
waste heat for heating in cities and towns. In the trans-
portation sector, boosting the transformation and upgra-
ding of transportation sector management; quickening
the pace of the reform ofmilway marketization; periodi—
cally releasing and updating fuel economy standards in a
timely fashion; expediting the construction, investment
and financing of public transport infrastructure; and
continuing with R&D and the promotion of advanced
technology. In the power sector, encouraging cogenera-
tion promotion according to local circumstances; im-
proving power generation efficiency in coal-fired power
plants; exploring new-generation, high-performance and
low-cost power generation technologies; boosting energy
conservation transformation and renewable energy ab-
sorption of power grids; and speeding up power system
reforms.

The analyses in this report have shown that China could
fulfill its pledge in its INDCs by achieving an earlier emis-
sions peak by around 2025. It can do this by scizing high
impact opportunities for energy efficiencies in the indus-
trial, building, transportation and power sectors. Howe-
ver, this will not be achieved without a concerted set of
market actions and policy interventions, as well as deep
reforms in almost every aspect of a developing country
such as China, which is still making the transition from
a central-planned economy to a market-oriented cco-

nomy. This report has highlighted the energy efficiency
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and conservation opportunities from both technical and
structural perspectives, but a high dcgrcc of uncertainty
remains when it comes to fully tapping into the potenti-
als available, such as rebound effects from restructuring
patterns of consumption, lowcr—than—cxpcctcd technical
progress in renewable energy, a social backlash in nuclear
power dcploymcnt, and vexed adjustmcnts to interests
caused by institutional reforms. This report has laid the
foundation for analyzing high impact opportunities for
energy cfﬁcicncy in China. In terms of future areas of
research, rcgional and sectoral analyscs should be dee-
pcncd, with a focus on cross—rcgional and cross-sectoral
opportunities, in light of emerging tcchnologics related
to energy use, innovative commercial patterns and the
institutional dividends from reforms to energy pricing,
clcctricity dispzltch and industrial governance. As China’s
€conomy enters a new normal ph:lse with a lower GDP
growth rate, attention should also be paid to the poten-
tial contributions of energy cfﬁcicncy and conservation
to economic growth.
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