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In June 2014, General Secretary Xi Jinping
remarked at a conference of the Communist Party
of China’s (CPC) Central Leading Group for
Financial and Economic Affairs Commission that a
revolution in energy production and consumption
was needed to safeguard national energy security.
New patterns in supply and demand, compounded
by changing trends in international energy devel-
opment, were presenting China with opportunities
to develop and drive a new energy era.

In December 2016, the Chinese government
published its Energy Production and Consump-
tion Revolution Strategy (2016–30), which set
out the specific actions needed to promote the
energy revolution that President Xi had referred

to. In October 2017, the report of the 19th CPC
National Congress noted that:

Socialism with Chinese characteristics has crossed
the threshold into a new era. China’s economy is
transitioning from a phase of rapid growth to a
stage of high-quality development.
China must put quality first and prioritise perfor-
mance; and China should make supply-side
structural reform its main task and work hard to
achieve better quality, higher efficiency, and more
robust drivers of economic growth.
The new era provides a new background and poses
new requirements for China to deepen its study of
the energy revolution. Global practices show that
all countries have undergone an energy transition
in the course of their development, albeit along
different paths. From the perspective of the global
energy system as a whole, the current energy
transition towards a greener and more sustainable
energy system is significantly different from the
energy transitions of the past.
China needs to learn from other countries’ practices
in promoting energy transition. It must keep up with
the latest trends in global energy transitions, take
account of the needs of economic, social and envi-
ronmental development inChina, vigorouslydevelop
energy technologies, and conduct an in-depth study
on how to achieve China’s energy revolution.

1 Global Energy Transitions:
Historical Experience
and the Latest Trends

The energy system is comprehensive in scope,
integrating energy production, conversion,
transmission, consumption and management into
a single system.
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Energy transition is a long-term structural
change to the energy system, where entirely new
components arise or old patterns fundamentally
change. The energy system is in a constant state of
evolution. For example, China’s and India’s energy
systems have been organised to date around
low-cost energy; France’s transition to nuclear
power in the 1970s was driven by the desire for
security after the oil price shocks of that decade;
and Germany’s energy transition in the 2010s was
propelled by the desire for clean energy. Transition
also occurs when new end uses require new forms
of energy. For example, the development of electric
vehicles changes the transport industry’s demand
for oil into the need for electric power.

1.1 Energy Demand Changes
with Economic
Development

Countries generally go through an energy tran-
sition as they develop. Energy demand can be
divided into three broad categories (Fig. 1). In
the first category, countries with an income per
person of less than $5,000 in purchase power
parity (PPP) have less economic development
and therefore low energy consumption. Second,
countries with an income per person of between
$5,000 and $15,000: as these countries industri-
alise, energy demand growth accelerates due to

the high energy intensity of industrialisation,
urbanisation and large-scale infrastructure con-
struction. And third, countries with an income
per person of more than $15,000: once these
countries have industrialised, the growth rate of
energy demand starts to slow down.

While there is a general trend of energy transi-
tion that countries go through as they develop,
national experience shows that the energy demand
path that a country follows can vary significantly.

The USA and Canada are typical examples of
high-income countries with high energy con-
sumption. As Fig. 2 shows, the USA and Canada
rapidly increased their energy consumption per
person between 1960 and the late 1980s, during
which time income per capita doubled. This rapid
increase in energy consumption was the outcome
of fast growth in energy-intensive industries and
high domestic energy consumption. Energy
consumption in the transport sector was high due
to both countries’ low population densities. Since
the late 1980s, incomes continued to grow, albeit
more slowly, while energy consumption was
relatively flat.

Japan and major European countries experi-
enced a slower increase in energy consumption
than the USA and Canada. These countries have
reached similar levels of income per capita as the
USA and Canada, but with around half the level
of energy consumption per person. In addition to
having more light industry and less transport

Fig. 1 Countries go through
energy transition as they
develop. Note Average energy
supply per capita since 1960
of those countries that had
GDP per capita in one of five
income classes in 2015.
Source Shell International
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demands, these economies generally focus more
on energy efficiency, often driven by policy.
Spain and Italy have lower energy use per person
than other developed economies. This is because
they are more service-oriented, with fewer
energy-intensive industries and a Mediterranean
climate that reduces the need for heating and
cooling relative to other countries.

The data for Australia, SouthKorea and Sweden
show how countries with energy-intensive indus-
tries can have higher energy consumption. These
three countries form a cluster between the USA and
Canada, which have high energy consumption, and
Japan and major European countries, which have
lower energy consumption, as shown in Fig. 2.
This is because although Australia, South Korea
and Sweden have large energy-intensive industries,
they are more energy efficient than the USA and
Canada. Australia has built an energy-intensive
industrial system on its extensive natural resources,
primarily non-ferrousmetals, iron and steel,mining
and chemicals. It also has a high transport energy
use per person due to its low population density and
large size. South Korea is an example of a country
that has increased GDP per capita through high-
value industrialisation, despite not having domestic
energy resources. Sweden is somewhat unique as
its energy use is increased by a large pulp and paper
industry, which is very energy intensive, and a very
high level of energy use in buildings for heating.

1.2 Previous Global Transitions
in Energy Supply

The global energy system undergoes transitions.
There have been three global energy transitions
since 1800 (Fig. 3). The first was the rise of coal
to fuel the Industrial Revolution; the second was
the use of oil for mass transport; and the third
was the rise of gas, hydropower and nuclear
power in electrification. In recent years, a fourth
energy transition has begun with the use of
renewables to provide clean and sustainable
energy.

History shows that rising societal demand for
energy and advances in technology can lead to
global energy transitions. For example, energy
supply shifted from traditional biofuels to coal in
the 19th century to fuel industrialisation in the
UK and other countries in Europe. After the oil
price shocks in the 1970s, many countries needed
to secure energy supply, stimulating the transi-
tion from oil to gas and nuclear power in elec-
tricity. Since the beginning of this century,
demand for clean energy is also driving an
energy transition. Transitions also occur when
significant improvements are made in energy
technologies or when new energy carriers offer
the flexibility of providing a range of increas-
ingly sophisticated services and end uses, as
electricity does for buildings and industry.

Fig. 2 Energy transition
paths of various countries.
Note Data are from 1960 to
2015; note the log scale on the
X axis. Source Vivid
Economics based on IEA data
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1.3 Energy Technologies are
Undergoing Significant
Change

New energy and information technologies are
developing rapidly and having a significant
impact on energy production and consumption.

1.3.1 The Cost of Clean Energy
Technologies is Declining
Rapidly

Since the early 2010s, the cost of renewable
energy technologies such as wind and solar have
fallen by more than half. Lithium-ion batteries,
which have the potential for use in the transport
and power sectors, have also seen similar cost
reductions (Fig. 4).

1.3.2 New Information
and Communications
Technologies
(Digitalisation) are
Increasingly Being Used
in the Energy System,
with Several Important
Implications

To begin with, digitalisation increases the
demand-response potential for electricity.
According to International Energy Agency

(IEA) forecasts, digitalisation could increase
global electricity demand-response potential
from 3,900 terrawatt-hours (TWh) in 2015 to
6,900 TWh in 2040, up 77%. This level of
demand-response can free up some 185 GW of
generating capacity and reduce the need for
investment in new generation, transmission and
distribution on a cumulative basis by $270 billion
(calculated in 2016 $).

Second, digitalisation has improved the flex-
ibility of the power system to integrate renewable
energy. For example, the IEA estimates that
digitalisation and demand-side response tech-
nologies can limit total wind and solar power
curtailment to less than 1.6%. By 2040, total
wind and solar curtailment will be 79% lower
than in 2015. This will enable the global power
system to accommodate 67 TWh of new
renewable energy annually by around 2040 and
avoid about 30 Mt of CO2 emissions per year.

Third, digitalisation can help improve elec-
trification in the transport sector. Smart charging
of electric vehicles can greatly reduce the
demand for power generation. With the added
flexibility that smart charging provides to power
grids, investment in grids can be reduced by
$100 to $280 billion by 2040 (in 2016 $).

Fourth, digitalisation may affect the energy
use and consumption patterns of manufacturing.

Fig. 3 There have been four
global transitions in energy
supply since 1800. Source
Vivid Economics based on
data in energy transitions:
Global and National
Perspectives by Vaclav Smil
(2017)
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Industry 4.0—the trend towards greater use of
automation and data exchange—will have a
significant impact on energy demand. As shown
in Fig. 5, the adoption of 3D printing in US
commercial aircraft manufacturing can reduce
energy use in production and in flight, thanks to
the use of more lightweight components.

1.4 Main Characteristics of the New
Global Energy Transition

The global energy system is undergoing a major
transition, after a period of relative stability.
Before 1985, the energy systems of the G7
countries experienced significant changes as a

Fig. 4 The cost of many clean energy technologies is
declining rapidly. Note Cost does not include subsidies.
*The calculated cost of solar energy is based on
utility-scale monocrystalline silicon solar panels. Source

The cost data of wind and solar energy are from Lazard
(2016), while the **cost data of batteries are from
Bloomberg New Energy Finance (2017)

Fig. 5 Industry 4.0 will have a significant impact on energy demand. Note The data above are based solely on the
adoption of 3D printing in US commercial aircraft manufacturing. Source Huang et al. (2016)
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result of oil price fluctuations, the discovery of
new oil and gas reserves, the emergence of new
energy carrier networks and the development of
new technologies like nuclear power. However,
the global energy system has been relatively
stable over the past 30 years, with little change in
the energy mix of the G7 countries (Fig. 6). Over
the next 30 years, digitalisation, new technolo-
gies, decarbonisation, more stringent environ-
mental requirements and new forms of economic
activity are expected to transform the energy
system.

1.4.1 Clean and Low-Carbon Energy
are Driving the New Global
Energy Transition

The unprecedented attention paid by countries to
climate change and environmental protection,
along with increasing consumer demand for
cleaner energy services, is driving the global
transition to clean and low-carbon energy.

Compared with previous drivers of energy
transition, climate change is a global concern, the
solution to which requires the engagement of all
countries. Both energy consumption and CO2

emissions per unit of GDP are now declining.
There is a sign that energy consumption and CO2

emissions have been decoupling from economic
growth increasingly rapidly since 2010. The
Paris Agreement of 2015 shows that the world is
paying more attention to climate change and
strengthening its efforts to disconnect CO2

emissions from economic growth. In this respect,
the European Union is in a leading position, with
GDP increasing by 50% between 1990 and 2015
and CO2 emissions dropping by more than 20%

over the same period. The USA and Japan have
also remained generally stable in CO2 emissions
(Fig. 7), but the USA’s withdrawal from the Paris
Agreement and President Trump’s new energy
policies bring some uncertainties.

1.4.2 Significantly More Electrification
Characterises the New
Global Energy Transition

To achieve the ambitions of the Paris Agreement,
more electrification is required to decarbonise the
global economy. This process is accelerating in
the major economies, especially in transport.
Figure 8 shows growth in electric car registra-
tions in several countries over recent years.
Electric vehicles remain an important area of
growth, despite their current small market share
(except in some Nordic countries).

Economic restructuring is also driving elec-
trification. As developing countries like China
move towards a service-oriented economy, and
consumers are keen to get cleaner and more
flexible types of energy, such as gas and elec-
tricity, electrification continues to increase. Dur-
ing the current energy transition, this trend has
become more and more obvious—emerging
economies such as China and Brazil have
achieved higher levels of electrification at a
lower level of per capita income—and is expec-
ted to continue (Fig. 9).

1.4.3 Policy Plays a More Important
Role in This Energy
Transition

While policy has been a key driver of previous
energy transitions, the scope of the policy

Fig. 6 Changes in the energy systems of G7 countries. Note Information on the energy mix change metric can be
found in Special report 3 on the technology revolution. Source Vivid Economics
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Fig. 7 Energy consumption and CO2 emissions per unit of GDP are declining globally. Note GDP data are calculated
in 2010 $; CO2 emissions refer only to energy-related CO2 emissions. Source IEA (2017) and World Bank (2017)

Fig. 8 Electrification in the transport sector is accelerating. Note BEV = battery electric vehicles; PHEV = plug-in
hybrid electric vehicles. Source IEA, Global EV Outlook (2017)

Fig. 9 Electrification increases with income. Note Data for all countries except China are from 1960–2015; data for
China are from 1971–2015. Source Vivid Economics, based on IEA data
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challenge this time is vast. This is because the goal
of the new transition is to promote the develop-
ment of clean and renewable energy. To level the
playing field, the negative environmental effects

of fossil fuels, such as air pollution and carbon
emissions, compared to the positive environmen-
tal effects of clean energy, must be reflected in
economic decisions. Policy interventions are

Fig. 10 Carbon pricing is accelerating globally. Source World Bank, State and Trends of Carbon Pricing (2017)
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needed to rectify the economic distortions caused
by such market failures. In addition, the intro-
ductory and growth periods of new energy need
support policies. Due to the complexity of the
energy system, the energy transition must use
market forces to promote innovation and find
effective and flexible ways to deliver desired
goals. Many governments have realised this and
are taking measures to ensure market failures are
corrected. Figure 10 shows the countries that have
implemented, are about to implement, or are
considering implementing carbon pricing (in the
form of a carbon tax or emissions trading system).

1.5 Developing and Emerging
Economies Can Leapfrog
Ahead

International experience shows that while there is
a general route for countries to follow in energy
transition as they develop, the path that a country
takes can vary significantly, depending on its
economic structure, improvements in energy
efficiency, consumption patterns, population
density and climate, among other things.

Countries such as China, Brazil and Malaysia
are at a crossroads. Their path to energy transition
may diverge from international experience. These
countries need to choose between the energy
development paths available to them: whether to
have a level of energy consumption per person
similar to that of the USA (high), South Korea
(medium) or Spain (low) as income per capita
increases. Alternatively, they can use policy to
leapfrog historical patterns of energy system
development to achieve high income per capita
and lower and cleaner energy consumption.

By leveraging advanced technologies and
learning from, then adapting, the policies and
institutional frameworks of other countries,
developing and emerging economies can achieve
lower energy consumption and greenhouse gas
emissions per capita earlier than high-income
countries (as shown in Fig. 11). Developing and
emerging economies have the potential to pro-
vide advanced energy services without the neg-
ative environmental impact that advanced

economies have had, and they can exploit their
late-mover advantage in the growing global
market for energy services.

2 From Quantity to Quality: The
Goal and Approach of China’s
Energy Revolution

2.1 The Goal of China’s Energy
Revolution

In 2015, China’s 13th Five-Year Plan (2016–20)
proposed to empower low-carbon cyclic devel-
opment by promoting an energy revolution,
accelerating energy technology innovation, and
setting up a clean, low-carbon, secure and effi-
cient energy system. In 2017, the report of the
19th National Congress of the Communist Party
of China noted that China’s economy has moved
from a phase of rapid growth to one of
high-quality development. China, it said, must
focus on improving the supply system and
strengthening the economy in terms of quality.
Quality energy is an important part of the supply
system and a key objective of the energy
revolution.

2.1.1 What is a High-Quality Energy
System?

Based on the 13th Five-Year Plan, the report of
the 19th National Congress of the CPC and
development strategies such as Made in China
2025 state that China’s high-quality energy sys-
tem should feature the following three
characteristics:

First, it should be clean and low carbon.
A clean energy system is one in which the entire
energy life cycle—from production and conver-
sion to transmission and consumption—achieves
the lowest possible levels of pollution and
emissions. Low carbon is a key part of this. CO2

itself is not a polluting gas, but it has significant
impacts on the environment. Moreover, the
Chinese government has made a solemn com-
mitment to the international community, as part
of its nationally determined contributions, to
reduce global carbon emissions. The energy
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system is the largest carbon emitter, so low car-
bon is undoubtedly an important characteristic of
a high-quality energy system.

Second, it should be efficiently priced and
affordable. Affordability means that the price of
energy should be competitive internationally to
allow manufacturing to compete with global
manufacturing powers like the USA, Japan and
Germany. China is now in an important period of
making itself a manufacturing power. Energy
cost is a key element of the real economic cost,
so a high-quality energy system should be able to
supply energy at a competitive price. Efficiency
means that existing technologies should be
leveraged in energy production, conversion,
transmission and consumption to save energy
and improve efficiency.

Third, it should be secure and reliable. Secure
means that energy sources are diverse and that
they ensure a stable supply for economic devel-
opment, even during natural disasters or times of
geopolitical change. Reliable means that as the
amount of renewable energy increases, the
energy system has the flexibility to adapt and
maintain a sustainable and stable energy supply
for the national economy.

2.1.2 Three Characteristics
of the Energy Revolution

(1) Clean and low carbon
According to research by the Institute of
Resources and Environmental Policy of the
Development Research Center of the State
Council, total emissions of major air pollutants in
China are likely to peak during the 13th
Five-Year Plan (2016–20), after which the
country’s energy system will be much cleaner.
Total inhalable particulate matter (PM10) emis-
sions have been declining since the 1990s. Sul-
phur dioxide emissions reached their highest
point in 2006, and have since declined steadily.
Nitrogen oxide (NOx) emissions dropped for the
first time (in 2012) since reliable databases were
established and are expected to flatten, then fall.
The research initially concludes, therefore, that
air pollutant emissions have reached a turning
point. Combined emissions of major water pol-
lutants are estimated to peak in 2016–20, then
flatten, flowed by a gradual decline.

In terms of CO2 emissions, more effort is
needed to achieve a turning point by 2030.
According to the Energy Production and Con-
sumption Revolution Strategy (2016–30), by

Fig. 11 Low- and middle-income countries can leapfrog the historical patterns of energy consumption of high-income
countries. Note PPP = purchasing power parity. Source Vivid Economics, based on World Bank and WRI data
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2020, China’s CO2 emissions per unit of GDP
will decrease by 18% compared to 2015, and by
2030 they will drop by 60–65% compared to
2005. The findings of this report show that to
achieve the goal of carbon intensity reduction,
additional policies and measures—including
carbon pricing and subsidies for non-fossil
energy sources—need to be gradually intro-
duced to achieve tangible results.

In terms of the energy mix, the share of clean
energy should increase significantly. According to
the Energy Production and Consumption Revo-
lution Strategy (2016–30), the share of non-fossil
energy in China will be 15% by 2020, increasing
to about 20% by 2030. In the Recommended
scenario of this report, in which the energy revo-
lution is strongly promoted, the share of non-fossil
energy is expected to reach 15.7% by 2020, 22.5%
by 2030, and more than 40% by 2050.

(2) Affordable and efficient
According to the above-mentioned strategy,
energy consumption per unit of GDP is expected
to drop by 15% by 2020 (compared to 2015),
reach the current world average by 2030 (based
on current prices), and achieve stability by 2050.

In the Recommended scenario of this report,
energy consumption per unit of GDP will be
19.7% lower in 2020 than in 2015. This exceeds
the 15% reduction target of the Energy Produc-
tion and Consumption Revolution Strategy
(2016–30). Energy intensity in 2030 will be
35.1% lower than in 2020, and 54.1% lower in
2050 than in 2030 (Fig. 12).

Energy cost per unit of GDP, which reflects the
quantity and price of energy consumed to produce a
unit of GDP, needs to be reduced significantly.
Energy consumption per unit of GDP is an indi-
cator of energy consumption efficiency but does not
take price into consideration. In fact, energy price
has an obvious impact on economic and social
development. On the one hand, the price of energy
can incentivise the whole economy and society to
save energy. On the other hand, it constitutes a
major cost to the real economy. To sharpen China’s
international competitive edge, energy cost per unit
of GDP should be significantly lower.

Historical statistics show that China’s energy
cost per unit of GDP has followed an inverse
U-shape path. It increased rapidly from 0.1 in
1990 to 0.18 in 2005, up by 80%. It then peaked
around 2005 and decreased to 0.12 in 2012.

Fig. 12 Evolution pathways of China’s energy consumption per unit of GDP in two scenarios. Source Findings of the
DRC research team
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The current energy cost per unit of GDP in
China is comparable to that of South Korea, but
notably higher than the USA and Japan. South
Korea’s energy cost per unit of GDP in 2011 was
0.18, slightly higher than China’s. But the figure
in Japan is only 0.09 and 0.08 in the USA, about
66% lower than in China. Since 2011, energy
cost per unit of GDP in the USA declined
rapidly, down to 0.04 in 2016 (Fig. 13).

(3) Secure and reliable
Energy supply sources should be diverse. To
achieve energy supply diversity, China should
develop new and unconventional energy sources
domestically by leveraging its own energy
resources and reducing the use of coal, while
increasing the share of clean coal facilities in its
fleet of coal-fired power plants. Externally, China
should seize the opportunities of economic
globalisation and diversify its international
energy supply sources, by increasing imports of
oil and gas from regions other than the Middle
East to spread risk and secure supply.

The reliability of the energy system should be
improved. Efforts should be made to:

(i) promote Internet+ smart energy develop-
ment and establish an Energy Internet by
2025;

(ii) build smart wind farms and smart solar
photovoltaic power plants; a smart system
for the recovery, processing and use of
coal, oil and gas; and a cloud-based plat-
form to enable intelligent energy
production;

(iii) deploy grid-scale energy storage of appro-
priate size at large-scale power generation
sites to coordinate and optimise the opera-
tion of energy storage systems, renewable
energy sources and power grids;

(iv) build smart homes, smart buildings, smart
communities and smart factories, featuring
smart end-use technologies and flexible
energy trading to help create smart cities; and

(v) strengthen demand-side management,
popularise intelligent energy consumption
metering and diagnostic technologies,
accelerate the deployment of energy
management centres for industrial com-
panies, and build an Internet-based infor-
mation service platform.

Fig. 13 Comparison of energy cost per unit of GDP between China and several major countries. Source Results
calculated by the DRC research team based on the input-output table by country
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2.2 To Achieve the Energy
Revolution, China Needs
to Get Five Driving Forces
into Play: Four Pillars
and International
Cooperation

To achieve an energy revolution requires identify-
ing, guiding and strengthening the driving forces
behind it. Analysis of energy transitions in G20
countries since the 1970s shows that the drivers of
energy transition include four pillars and interna-
tional cooperation. Often several drivers must be in
place before transition can develop momentum.
Individually, these drivers are insufficient to start
the process of systemic change. The G20 energy
transitions were driven mainly by economic
growth, energy security concerns, new market
incentives or price shocks, with new technology
playing a supporting role. They occurred primarily
in the upstream and midstream sectors, with the
energymix remaining relatively constant (Fig. 14).

Supply
Historically, the abundance or scarcity of local
energy resources is a fundamental driver of
transition. The greatest transitions occur at the
extremes, either when resources are plentiful or

extremely scarce. In the current transition, tech-
nology is making unconventional and renewable
energy resources increasingly available and
competitive, and doing so in geographies that do
not have access to conventional resources.

Demand
Rapid economic growth is usually accompanied by
a change in industrial structure, often to higher
added-value economic activities that favour a new
energy mix based on natural gas and renewable
electricity. Furthermore, consumers tend to choose
cleaner and more flexible fuels as their income
rises. This is a major trigger of energy transition,
especially when accompanied by new low-cost
supplies of energy. Energy security is also an
important driver. For example, the oil crisis of the
1970s and the shutting down of Japan’s fleet of
nuclear power plants following the Fukushima
tsunami and nuclear accident in 2011 increased
people’s awareness of the need for energy security,
resulting in significant energy transition events.

Technology
Many energy technologies like nuclear power
require vast investment in research and devel-
opment. Once deployed, such technologies can
transform the energy system through scale
effects. International experience shows that gov-
ernment deployment of capital-intensive tech-
nologies is a common way to deliver energy
system requirements such as supply security.
Technologies that can plug and play into existing
networks tend to be more successful than those
requiring new networks to be built, thereby
contributing more to the energy transition.

Markets
Markets have an important role to play. They can
accelerate the process of innovation and adoption
of new technologies through liberalisation and
reform. Governments also have an important role
to play. They can ensure markets operate effi-
ciently through pricing externalities and regula-
tory oversight. Policies and institutions that
increase the efficiency of markets like market
liberalisation and reform can help the energy
transition progress faster.

Fig. 14 The drivers behind energy revolution: four
pillars and international cooperation. Source Vivid
Economics
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International cooperation
An increase in a country’s participation in global
energy trade can also trigger an energy revolu-
tion. For example, new gas pipelines or liquefied
natural gas (LNG) infrastructure could increase
trade in natural gas. New technologies and
infrastructure can deepen international coopera-
tion and have a transformational impact on future
development. For example, extra high voltage
power transmission enables long-distance power
trade between countries.

2.3 Accelerating the Energy
Transition Requires Four
Intensifiers

Once the drivers for transition are in place, positive
feedback loops (intensifiers) can accelerate transi-
tion or increase its scale. Our review of historical
transitions concludes that while the four pillars and
one cooperation can provide the necessary condi-
tions for a transition and themomentum for change,
these drivers only cause real transition when rein-
forced by positive feedback (intensifiers). Policy-
makers can often directly influence these
intensifiers and should use them to control the
speed and scale of transition (Fig. 15).

Preferences cause society to act
Transition can be accelerated and intensified if
people’s preferences are influenced by the belief
that energy transition is good. The reason is

simple: when some people think something is
good or bad, they can influence or persuade
others, which can cause their preferences to
spread. This creates a positive feedback loop,
which makes the next action easier. Value pref-
erences about what society should or should not
be doing have been powerful forces in past
energy transitions. For example, Japan and
France’s embrace of nuclear power was a signi-
fier of a technologically advanced society,
whereas Germany’s anti-nuclear movement saw
the same technology as an environmental threat.

Expectations cause consumers to act
Expectations are also an intensifier: as more and
more people expect transition to happen, they
will act as if it is already happening. As with
preferences, when people expect the world to
change they will act accordingly and convince
others that it will change. This creates a positive
feedback loop. An expectation describes what is
likely to happen, while a preference is a view
about what ought to happen. For example, a
person can expect something to happen even if
he or she has no preference for it. Consumer
expectations were important in past energy
transitions, as it is consumers who select and
purchase the products they expect to serve them
best in the future. For example, consumers in the
present transition may purchase an electric
vehicle in expectation of future climate policies
and legislation.

Fig. 15 The four intensifiers for transition act together. Source Vivid Economics
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Private economics cause businesses to act
Energy transition may improve the private eco-
nomics of businesses through positive spillover
effects, which encourage further action. Busi-
nesses will act if it creates value for them, or if the
benefits from energy transition are greater than the
cost. When businesses take action this can change
the private value of future action via externalities,
positive spillovers or complementary goods. For
example, the cost of wind power decreased as
deployment increased due to the positive spillover
of learning effects. Because action now increases
the net private value of future action, this
encourages future action, which then further
increases the net private value of future action,
creating a positive feedback loop.

Public good causes government to act
Government tends to act if the economics or the
politics of the transition improve.

If energy transition generates value for soci-
ety, it will win the public’s backing, and in turn it
can generate national political support or directly
drive policy action. International political support
can also modify national political support. For
example, the Paris Agreement and the Interna-
tional Energy Agency have affected national
political support for climate action and energy
security respectively.

During energy transition, there is a strong
positive feedback loop between private eco-
nomics and the public good. As Fig. 16 shows,
private economics and the public good are clo-
sely interrelated. If private actions by businesses
can have positive externalities, such as reducing
carbon emissions, or negative externalities, such

as pollution, then government action will
increase net private value, thereby creating an
additional feedback loop between public and
private action in a virtuous and reinforcing cycle.

The four intensifiers of the transition come
together to accelerate and scale change. As
Fig. 15 shows, social preferences, consumer
expectations, the private economics of businesses
and the public good all contain positive feedback
loops that can intensify the motivation to act.
Furthermore, these all work together so that if,
for example, social preferences are causing peo-
ple to act in a way (such as demanding
low-carbon energy and related products and
services) that makes a particular investment more
valuable, then businesses will act. This, in turn,
may create political conditions and support for
government actions intended to promote energy
transition.

2.4 Policy Plays a Crucial Role
in Effectively Leveraging
the Drivers and Intensifiers
of Energy Transition

Compared with previous transitions, the current
energy transition is more complex and has
stronger externalities. For example, in the current
transition the increasing complexity of a diverse
and decentralised power sector requires
system-wide change to drive down the cost of
renewables and integrate them effectively into
the power grid. The need for change affects the
entire power value chain—flexible low-carbon
generation, dispatch, balancing and ancillary

Fig. 16 Private economics and the public good have strong positive feedback loops between them. Source Vivid
Economics

Overview: High-Quality Energy for High-Quality Growth … 15



services, transmission and distribution networks,
and consumer participation in retail markets
through mechanisms such as demand-response to
prices—and the incentives to support a more
flexible and complex system.

In this case, policy plays a crucial role in sup-
porting the drivers of transition. For example, poli-
cies help shift energy demand to cleaner and more
efficient end uses, support a cleaner energy mix,
develop efficient market mechanisms, stimulate
innovation in clean and efficient technologies, and
support national energy transition by leveraging
international energy cooperation and governance.

Policies accelerate transition by giving the
intensifiers momentum. As shown in Fig. 17,
given the policy-directed nature of the current
transition, government must take action to
address environmental market failures, encour-
age change in consumer behaviour (and in
broader society) and prompt businesses to invest
in new low-carbon technologies. For example,
subsidies or other policy tools could be offered to
improve businesses’ risk-return structure.

In short, policy plays a crucial role in energy
transition. Perhaps a more important role for
policy than giving the intensifiers momentum is
keeping the rate and scale of change in social
preferences, consumer expectations, private
economics and the public good in sync as energy
transition happens.

3 Adopt Multiple Measures:
A Roadmap for China’s Energy
Revolution

3.1 Continuously Improve Energy
Consumption Efficiency
by Saving First

3.1.1 Optimise China’s Industrial
Structure by Reducing
the Proportion
of Energy-Intensive
Industries

As China’s economic development enters the later
stages of industrialisation, there is a drive to
upgrade the country’s industrial structure, which,
together with guiding policies, may lead to cleaner
and more environmentally friendly industries.

It can be seen from the demand structure of
investment, consumption and export that the share of
investment in economicgrowthgraduallydeclines as
the share of consumption steadily grows. In thisway,
China is undergoing a shift from production-driven
to consumption-driven economic growth, leading to
accelerated industrial restructuring.

Moreover, there is great potential for adjusting
the energy consumption mix.

First, with mechanisation at saturation point,
agricultural modernisation will shift focus to
biotechnology and digitalisation, which is

Fig. 17 Policy plays a crucial role in driving energy transition. Source Shell International
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expected to further reduce the energy consump-
tion per unit of added value (Fig. 18).

Second, optimisation of the country’s indus-
trial structure and changes to production processes
will significantly improve the efficiency of
industrial energy consumption. Starting with the
13th Five-Year Plan (2016–20), the amount of
energy-intensive products—such as steel, cement,
glass, aluminium and synthetic ammonia—has
begun to peak and may drop.

Third, energy consumption in buildings is
expected to grow steadily. Based on the experi-
ence of developed countries, China’s urban resi-
dential floor space per person is likely to peak at
about 40 square metres and public floor space per
person at about 20 square metres. Estimates based
on future population trends show that the floor
space peak in China should remain at about 90
billion square metres.1 To ensure steady and sus-
tainable development of the real estate industry,
the peak should occur around 2040. However,
with the development of energy-efficient

buildings, energy consumption per unit of build-
ing area will be significantly reduced, even though
the total energy consumption of buildings in
China is expected to increase steadily.

Fourth, energy consumption in the service
sector is expected to continue to grow as it scales
up, but will be constrained by the total stock of
commercial floor space. Based on forecasts of
added value in the service sector and commercial
floor area, end-use energy consumption will
increase to 350 Mt of coal equivalent (Mtce) by
2035 and 470 Mtce by 2050.

Fifth, residential end-use energy consumption
will continue to grow, but could remain signifi-
cantly lower than that in developed countries.
With people’s living standards improving,
household energy consumption is expected to
reach 520 Mtce by 2035 and 660 Mtce by 2050.

3.1.2 Use New Technologies, Processes
and Products to Save
Energy

Efforts should bemade to promote the development
of green and low-carbon buildings. In China,
energy consumption in buildings accounts for
nearly half of the country’s total energy consump-
tion, far higher than that of developed economies.

Fig. 18 Forecast of China’s
end-use energy consumption
in agriculture. Source
Findings of the DRC research
team

1China’s floor space stock in 2015 was close to 60 billion
square metres, including 17.6 billion square metres of
urban residential floor space, 27.6 billion square metres of
rural residential floor space, and 14.0 billion square
metres of urban commercial floor space.
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Government ministries and agencies intro-
duced a series of plans, including the 12th
Five-Year Plan for Developing Green Buildings
and Eco-Cities (2012–17). However, further
improvements in green building systems and
standards and increased R&D of green building
technologies and life cycle management of green
buildings are required. Technology innovation in
green buildings is currently focused on lighting
and heating. Energy- efficient lighting is one of
the most effective ways to reduce greenhouse gas
emissions from buildings in almost all countries.
The Roadmap for the Phase-out of Incandescent
Lamps in China, issued by the National Devel-
opment and Reform Commission (NDRC), ban-
ned the import and sale of incandescent lamps of
15 W or more from October 2016. If all existing
incandescent lamps are replaced with energy-
efficient lamps, 48,000 GWh of power would be
saved annually, equivalent to a reduction in CO2

emissions of 48 Mt. It is estimated that China’s
cumulative newly built urban residential areas
will exceed 5 billion square metres by 2020, and
that the newly added energy consumption from
heating in north China (the coldest part of the
country) will be about 125 Mtce. If heating from
renewable sources is deployed in all these new
residential areas, the resulting reductions in CO2

emissions would be 375 Mt.
Centralised coal-fired power generation and

coal-fired combined heat and power
(CHP) should be increased to save energy and
reduce emissions. Currently, centralised coal-
fired power generation at large power plants
accounts for only 48% of total coal consumption
in China, compared to 99% in the USA. The
extremely large number of distributed,
small-scale coal-fired facilities in China, which
do not have the capability to treat pollutants,
offers great potential for energy saving and
emissions reduction. China needs to take several
measures to significantly shift coal use from
small-scale to large-scale centralised generation.
This will reduce pollutant emissions from coal
combustion and improve the heat to electricity
conversion efficiency of coal.

3.1.3 Introduce Carbon Pricing
to Improve Energy
Consumption Efficiency

Carbon pricing can have a significant energy saving
effect as it increases the cost offossil fuels and causes
a shift in the energymix towards lower-carbon fuels.
The increase in the price of energy will also drive
energy efficiency and reduce total energy con-
sumption—as the carbon price goes up, total energy
consumptionwill decrease. In the policy scenarios of
$30 per tonne CO2 equivalent (tCO2e), $60/tCO2e
and $90/tCO2e, total energy consumption will be
7.4%, 14.0% and 19.4% lower respectively than in
the zero-carbon-tax scenario. Furthermore, the
effects of carbon pricing policy will become signif-
icant over time.

3.2 Enable Cleaner Energy
Consumption by Using Less
Scattered Coal
and by Increasing
Electrification

3.2.1 Substitute Electricity and Gas
for Scattered Coal

In 2015,China’s scattered coal consumption reached
617million tonnes (Mt), mainly used in coal mining
(120 Mt), household heating (93 Mt) and chemical
production (90 Mt). A further 260 Mt of scattered
coal was used by light industries—food, textiles,
equipment manufacturing and services.

To replace scattered coal in residential heat-
ing, China will encourage central heating
(gas-fired boilers, geothermal heating and waste
heat recovery) and increasingly substitute elec-
tricity and gas for scattered coal (such as
wall-mounted gas-fired heaters) in areas where
central heating is not possible. The measures for
substituting electricity and gas for scattered coal
in the industrial and commercial sectors include
replacing small coal-fired boilers with gas-fired
boilers or installing waste heat recovery or other
intensive heating methods. According to the
Energy Production and Consumption Revolution
Strategy (2016–30), more than 35% of scattered
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coal will be replaced by 2020 and about 70% by
2030. In this way, scattered coal consumption
will decrease to 400 Mt in 2020, 180 Mt in 2030
and 60 Mt in 2050.

3.2.2 Speed Up Electric Vehicle
Development to Promote
Clean Energy Consumption

In the Recommended scenario, the number of
registered electric vehicles (EV) in China will
reach 3 million in 2020, 80 million in 2030 and
270 million in 2050. However, the industry’s
current strong momentum indicates the possibil-
ity of faster development.

First, there is a global boom in EV R&D,
mainly around such critical technologies as

batteries, automated driving systems and
charging facilities. New concepts in leasing,
business models and financial services are
expected to accelerate developments in the EV
market.

Second, as artificial intelligence technologies
evolve, automated driving +EV is expected to
become a standard travel model in the future,
extending vehicles from a travel tool to a home
on wheels. This new way of travelling can speed
up the transition from conventional vehicles to
EVs in the medium and long terms.

Third, EVs can serve as both a means of
transport and a distributed energy storage facility.
With expanding battery (energy storage) size and
support from smart grid technologies, EVs can

Table 1 Two EV
development scenarios
Source Findings of the
DRC research team

Scenario Year

2020 2030 2050

Recommended scenario Ownership (million) 5.24 83 270

Proportion (%) 1.9 18.4 50.0

Accelerated scenario Ownership (million) 5.24 200 500

Proportion (%) 2.0 44 93

Vehicle ownership (million, including fuel
vehicles and EVs)

272.23 450 540

Fig. 19 China’s total vehicle energy demand in two EV development scenarios
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make the most of renewable energy and support its
long-term development.

To this end, and based on its findings in the
recommended scenario, this report proposes an
Accelerated development scenario in which we
investigate energy demand in transport and its
impact on China’s energy supply mix. EV devel-
opment scenarios are set up as follows (Table 1).

Estimates for vehicle energy consumption in
the Accelerated scenario are shown in Fig. 19.
They assume vehicle ownership remains unchan-
ged and newly added EVs replace mainly diesel
and petrol vehicles and do not affect the number of
natural gas-fuelled vehicles. Petrol and diesel
consumption are expected to decrease by 100 Mt
by 2030 and by 130 Mt by 2050. Meanwhile,
electricity demand is projected to increase by
200,000 GWh by 2030 and by 340,000 GWh by
2050, compared to the recommended scenario.

3.2.3 Accelerate Electrification
by Decarbonisation

In 2014, electricity accounted for nearly a quarter
of China’s end-use energy demand. The coun-
try’s electrification rate is comparable to that of
many OECD economies. As China’s society and
economy develop, consumer demand for higher
quality energy will grow, and technological and
structural shifts will drive further change. His-
torical experience suggests that the electrification
rate in 2030 will grow by 5.5% compared to
2015, thanks to higher incomes; and by 6.4% due

to technological progress; but shrink by −2.6%
as a result of economic restructuring. Together,
these factors may lead the electrification rate to
rise from 23% today to 32% by 2050.

Decarbonisation will further drive the process
of electrification. The electrification rate is
expected to increase by 5–10% due to accelerated
EV development in the transport sector, by 2.5–
5% from decarbonisation in construction projects,
and by 0.5% from decarbonisation in industry,
reaching more than 40% by 2050 (Fig. 20).

Through the rapid development of clean
energy and the use of clean coal, the share of
electricity in the end-use energy mix will grad-
ually increase from 22% in 2015 to 30% by 2030
and to around 40% by 2050, significantly
improving the electrification rate.

3.3 Develop a Clean Energy
Production Mode Featuring
the Efficient Development
of Conventional Energy
and a Combination
of Centralised
and Distributed Energy
Systems

3.3.1 Increase the Proportion
of Scientific Coal Capacity

Coal-dominated conventional energy will remain
the main energy source in China, both now and

Fig. 20 China’s electrification rate growth potential
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in the longer term. To address the requirements
of the energy revolution, production needs to be
safe, efficient and sustainable. In mining, coal
production will shift from extensive development
to intensive, green production. In conversion,
priority will be given to upgrading coal-fired
generation from high to ultra-low emissions.

Taking into account the geology, coal
reserves, water resources and ecology of China’s
coal-producing regions, the one-third of coal
mines that meet the criteria for scientific capacity
will be retained, the one-third that fail to meet the
criteria will be upgraded, and the one-third that
are backward or not possible to be upgraded will
be gradually shut down.

3.3.2 Maintain Steady Development
of Oil Supply Capacity

Although EV development can significantly
reduce future oil demand, in the Recommended
scenario China’s oil demand and oil processing
capacity peaks will exceed 650 Mt and 720 Mt
respectively in 2030. Even in 2050, China’s oil
demand will still be around 650 Mt. Currently,
China’s oil processing capacity has been close to
its peak, so it is necessary to continue to con-
strain total demand and accelerate the shift from
oil refining to chemical production.

3.3.3 Significantly Increase Gas Supply
Capacity

In the future, China’s natural gas demand is
expected to see fast growth. To ensure that
demand can be met, which will increase as gas is
substituted for scattered coal, supply capacity
must be significantly improved. It is forecast that
260 billion cubic metres (bcm), 450 bcm and 490
bcm of natural gas will be needed by 2020, 2030
and 2050 respectively.2 Therefore, China needs

to vigorously explore and exploit conventional
gas, tight gas, shale gas and coalbed methane,
and drive research forward into natural gas
hydrate exploitation technologies.

3.3.4 Develop Clean Energy (Mostly
Renewable Energy)
in a Well-Planned Manner

China’s clean energy sources and load centres
are located in west and east China respectively.
As the energy supply revolution progresses, the
development of clean energy in these two regions
should be coordinated.

First, there needs to be coordination between
renewable energy generation and transmission
and distribution networks to connect regions rich
in renewables to demand centres, provide energy
storage to manage intermittency, and optimise
demand (including the use of demand-side
response to manage peaks and intermittency).

Second, a mix of multiple sources of energy
and technologies is needed to ensure a stable
supply of electricity. These would include small
wind farms; solar photovoltaic; combined cool-
ing, heat and power plants; and others.

Third, collaboration across the entire elec-
tricity supply chain (generators, grid operators
and consumers) is essential to optimise supply,
distribution and consumption.

Fourth, in west China, energy should be
generated at large utility-scale renewables plants
and connected to national and regional trans-
mission and distribution networks. In east and
central China, generation should be smaller scale
—distributed renewables and low carbon in
microgrids or community power grids.

3.4 Gradually Establish an Energy
Mix Centred on Conversion
to Electricity

In the end-use energy mix, electricity’s share will
progressively increase from 22% in 2015 to 30%
by 2030, and then to around 38% by 2050. This
electricity-centred energy mix is made possible
mainly by the rapid development of clean power
technologies and clean coal utilisation (Fig. 21).

2Research on China's Gas Development Strategies, pub-
lished by China Development Press in 2016 and by
Springer in 2017, forecasts China’s gas output to reach
270 bcm in 2020 and 470 bcm in 2030.
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3.4.1 Increase the Proportion
of Renewable Energy
(Mostly Wind, Solar
and Biomass) and Nuclear
Power

Based on an optimal design of the future power
supply mix, the research team recommends the
following roadmap for clean energy
development:

• the proportion of wind power and solar pho-
tovoltaic will increase from 4.9% in 2015 to
about 15% in 2030 and more than 25% by
2050;

• the share of gas-fired power will increase
steadily from 3% in 2015 to 9% in 2030 and
around 10% by 2050; and

• although hydropower capacity will continue
to grow, the rapid development of other
power sources will lower its share of the
energy mix from 17% in 2015 to 14% in 2030
and around 13.5% by 2050.

Overall, the proportion of clean power, not
fuelled by coal or oil, will increase from 30% in

2015 to 38% in 2020 and 52% by 2030. By
2050, non-fossil fuel generation will increase to
more than 70% of installed capacity and 66% of
power output.

In the medium term, total consumption of coal
as a primary energy source will not change
greatly, but its share of energy supply will
decrease sharply. The energy supply revolution
will drive the shift from direct coal use to its
conversion into an electricity-oriented secondary
energy source of efficient and clean coal
utilisation.

3.4.2 Encourage the Substitution
of Non-fossil Fuel Energy
for Oil and Coal

Coal consumption will fall sharply from about
44% in 2015 to 27% by 2050. Oil consumption
will first increase and then decrease, returning to
its current share of around 16% at mid-century.
Natural gas, which is a cleaner energy source
than coal and oil, will enjoy rapid growth in the
medium term, rising to 15% in 2030 and staying
stable thereafter. Non-fossil fuel energy will
increase substantially, rising to more than 20% in

Fig. 21 Changes in China’s end-use energy mix in the Recommended scenario. Source Findings of the DRC research
team
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2030 to replace oil as the second-largest energy
source. By 2050, non-fossil fuels’ share of the
energy mix will be more than 40%, replacing
coal as the number-one energy source (Fig. 22).

3.5 Build an Internet+ Intelligent
Energy System

Internet+ is an intelligent energy system of the
future that uses digitalisation to integrate a
greater share of distributed renewables into the
power system. It will need to incorporate micro-,
community and regional grids and coordinate
their activities into a greater, harmonised whole.
It will use energy storage and demand-side
response to manage solar and wind intermit-
tency. And it will encompass a range of
low-carbon energy sources and technologies
(horizontal integration), as well as the various
parts of the electricity value chain—generation,
transmission, distribution and consumers (verti-
cal integration). This will help manage the
impacts of intermittency that distributed renew-
able energy systems can have on local grids and

provide a feasible pathway for connection of
distributed renewable energy at large scale.3

3.5.1 Promote Intelligent Energy
Consumption

The development of smart homes, buildings, com-
munities and factories featuring smart meters and
flexible energy trading should be encouraged to help
create smart cities and leverage intelligent tech-
nologies to reduce residential energy consumption.

A smart energy system, through the use of
smart grids and smart meters, should be developed
to enable real-time measurement, information
exchange and active control of energy consump-
tion for electricity, heating and cooling. The
implementation of such an intelligent and
advanced measurement system will be enriched to
enable remote, automatic and centralised acqui-
sition and collection of water, gas, heating and
electricity consumption data, thereby realising
multi-meter integration. The networking structure

Fig. 22 Changes in China’s primary energy mix in the Recommended scenario. Source Findings of the DRC research
team

3Gao Shiji and Guo Jiaofeng et al., Energy Internet Boosts
Energy Transformation and Institutional Innovation in
China, China Development Press, 2017.
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and information interface of the advanced mea-
surement system will be standardised throughout
the whole system to achieve secure, reliable and
fast two-way communication with all users.

Efforts should also be made to strengthen
demand-side management and increase the use of
intelligent energy consumption monitoring and
diagnosis technologies. Additionally, the creation
of energy management centres for industrial com-
panies needs to accelerate and an Internet-based
information service platform should be built, so that
businesses can monitor and analyse energy con-
sumption in each production process and intelli-
gently dispatch water, electricity, gas and fuel
whenever changes in production parameters are
made. Thiswill enable real-timemonitoring, timely
adjustment, automatic alarm and other functions
throughout the production process (from procure-
ment to use), thereby realising intelligent energy
management and tapping energy saving potential.

3.5.2 Establish Micro-Balancing
Systems that Allow Energy
End Users to Participate
in Energy Markets

Equipment, facilities and platforms need to be
established to allow energy users—homes, busi-
nesses, industrial parks and communities—to
participate in the energy market and provide bal-
ancing services to the microgrid or community
grid to which they are connected. This would be in
the form of, for example, behind-the-meter stor-
age, electric vehicle batteries as storage, or
demand-side response. It would promote flexible
and interactive energy use, support distributed
energy trading and feature multi-energy source
integration, openness and sharing, real-time
two-way communication and intelligent control.

3.5.3 Accelerate the Construction
of Integrated Energy
Network Infrastructure

An integrated energy network, based on the smart
grid concept, should interconnect with other net-
works such as those for district heating or cooling,
natural gas distribution and various transport net-
works. It would enable efficient conversion from
one energy form to another, such as natural gas

into heating or cooling, and allow centralised and
distributed energy operations to be coordinated in
a single smart system. Deployment would initially
be made in new urban areas, new industrial parks,
or in districts affected by air pollution. The
objective would be to create a highly integrated
energy system that provides flexible, controllable,
safe and stable energy transmission.

3.5.4 Set up Internet+ Intelligent
Energy Development

In 2017–20: (i) distributed power generation and
storage technologies will be promoted and
deployed at scale; (ii) the digital multi-energy
trading system will go live; and (iii) pilot and
demonstration projects featuring interconnectiv-
ity among various energy networks, energy
sources and technologies will be launched.

In 2021–25: (i) optimisation across diversified
energy carriers will be gradually made possible,
and distributed power generation and storage
systems widely deployed; and (ii) urban smart
and diversified energy networks will be estab-
lished to optimise energy from different sources
and address various energy requirements.

In 2026–30: (i) new electricity microgrids and
an interconnected non-fossil energy network that
features multiple and complementary energy
sources and technologies will be promoted and
constructed across China; and (ii) an open and
sharing smart energy ecosystem will take shape to
significantly improve overall energy efficiency.

After 2030: (i) renewable energy will be widely
used in such sectors as agriculture, industry,
transport, commercial and residential; and (ii) the
industry ecosystem supporting rapid and sound
development of renewable energy will continue to
fast-track renewable energy development.

3.6 Develop New Energy Technologies
that Fully Support the Energy
Revolution

3.6.1 Continuously Promote the Smart
Power Grid

The smart power grid is an important means to
integrate energy production and consumption, as
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well as new technologies and system revolutions.
It is also the enabler of the Energy Internet. In
April 2016, the National Development and
Reform Commission (NDRC) and the National
Energy Administration (NEA) published their
Action Plan for Innovation in the Energy Tech-
nology Revolution (2016–30)4 and their Road-
map for Major Innovation Actions in the Energy
Technology Revolution,5 which launched a plan
to develop smart grid power transmission and
smart end-user devices.

To develop a smart grid, China will: (i) strive
to make breakthroughs in key technologies and
core equipment that it currently imports from
other countries, especially in the fields of direct
current, power electronics and renewable energy;
and (ii) develop a national and industry standards
system for smart grids as soon as possible to
support the building of smart grids.

3.6.2 Develop New Energy
Technologies

In wind power, China will work to achieve
breakthroughs in fields such as aerodynamics,
flow field analysis, load calculation, as well as
high-end technologies like large wind turbine
design, wind turbine bearings, and wind farm
control and pitch control systems. This will
address the country’s current weakness in con-
ducting basic research on wind power and critical
wind power equipment.

In solar photovoltaic, China needs to signifi-
cantly improve photovoltaic conversion effi-
ciency and make breakthroughs in areas like
interdigitated back contact, heterojunction with
intrinsic thin layer cells, passivated emitter cells
and rear cell technology, metallisation wrap
through, bifacial modules and boost the effi-
ciency of battery technologies.

In new energy technologies that have great
potential in the short and medium terms—such as
solar thermal power and ocean power—China

will continue to develop demonstration projects
to rapidly accumulate experience in planning,
design, construction, operation and management.
Such an approach will lay a solid foundation for
policy studies and the development of
industrial-scale technologies. It will also improve
international competitiveness and reduce costs.

3.6.3 Increase Support
for the Development
of Energy Storage
Technologies

Energy storage technologies are the key to the
electricity revolution. They are also at the cutting
edge and the site of fierce competition. Currently,
China sees severe wind, solar and hydro curtail-
ment and nuclear power restriction, which result in
more than 100,000 GWh of wasted power output.
Energy storage is an important means to use cur-
rently wasted output and integrate unstable energy
supply and consumption. Technologies such as
physical and chemical energy storage, hydrogen
fuel cells and heat storage are at the forefront.
Ultimately, one or two of these technologies will
survive the competition and grow.

3.6.4 Prioritise Nuclear Power
Development

Nuclear power is indispensable to China’s
development and one of the energy pillars China
must secure strategically. To this end, China will:
(i) invest more in scientific research to enhance
basic capabilities in nuclear technologies; and
(ii) establish scientifically based decision-making
and interaction mechanisms to win the public’s
recognition of the importance of nuclear power
and enable the safe development of nuclear
energy in China.

3.6.5 Make Unconventional Gas
a Major Component of New
Gas Capacity

China will increase its collaborative R&D efforts
with overseas organisations to innovate advanced
technologies, especially exploration and produc-
tion technologies suitable for China’s uncon-
ventional oil and gas resources. This will speed
up the development and scale-deployment of

4NDRC and NEA, Action Plan for Innovation in the
Energy Technology Revolution (2016–30), 2016, p.6.
5NDRC and NEA, Roadmap for Major Innovation
Actions in the Energy Technology Revolution, 2016,
pp.67–69.
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critical technologies with Chinese characteristics.
Moreover, China will focus on the development
of unconventional natural gas resources like tight
gas, shale gas and natural gas hydrates.

3.7 Strengthen China’s Energy
Security by Improving
Global Energy Governance

3.7.1 Cooperate with and Reform
Existing International
Energy Governance
Organisations

Make sure energy security is in line with countries’
interests. With the strengthening of its global influ-
ence, China should participate deeply in global
energy governance systems as soon as possible.
This, to make them more widely representative and
better reflect the interests of developing and emerg-
ing countries, thereby promoting a global energy
community with a common future. China should
implement international energy cooperation strate-
gies that integrate multi-level international energy
cooperation partners, diversified international
energy cooperation forms, multi-channel interna-
tional energy cooperation methods, multi-area
international energy cooperation content and
multi-task international energy cooperation pro-
cesses to adapt to the changes in the global energy
landscape and meet its own development demand.
High-quality development of China’s energy system
should be promoted while accelerating the global
transition to clean, low-carbon, affordable, efficient,
secure and reliable energy.

3.7.2 Seek G20 Support to Facilitate
the Energy Transition
by Aligning Global Energy
and Climate Governance

Attempts should be made to get the G20 to attach
more importance to the energy transition and
reach agreement on the transition to a low-carbon
and secure energy future. This could be achieved
by the G20 issuing statements and commitments
on energy security and long-term decarbonisation
and by making collective efforts to raise the
ambitions of nationally determined contributions

(NDCs) to reduce greenhouse gas emissions.
Long-term G20 ministerial conferences on
energy should be set up and institutional capacity
built by establishing energy secretariats in rele-
vant international organisations.

3.7.3 Reduce the Risk of Investing
in Partner Countries
to Improve China’s Energy
Security

Over the past decade, China’s Go Out strategy to
encourage its enterprises to invest abroad has
rapidly increased foreign direct investment
(FDI) in overseas energy sectors. In the coming
decade, the Belt and Road Initiative (BRI) will
further channel Chinese capital into energy
resources and infrastructure. It is necessary for
China to ensure good energy sector governance in
those partner countries where it invests. This will
mitigate the risk of instability and underinvest-
ment in those countries, enhancingChina’s energy
security as a result. China can also cooperate with
partner countries to support them through the
energy transition, especially by providing access
to China’s low-carbon technologies.

In-depth cooperation on energy between
China and the BRI countries should be
strengthened. Through its cooperation in the
BRI, China plays a unique role in low-carbon
energy, energy security and the energy transition.
A framework for FDI and energy infrastructure
development in clean energy technologies should
be created. At the same time, China should work
with others to enhance the governance and
transparency of energy sector investment.

The way that China invests in countries in the
BRI will be a measure of its commitment to
green and sustainable growth, both at home and
abroad. The risk of investment disputes with host
countries would be minimised by learning from
historical experience, adhering to high standards
of social and environmental governance, and
developing appropriate risk management tools.

3.7.4 Strengthen Global Electricity
Cooperation

One of the principal solutions to achieve power
supply security, reduce curtailment and ensure
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balance in power systems with a high penetration
of renewables is to increase electricity trading
through interconnected grids. As the largest
battery manufacturer and generator of renewable
power in the region, China could take the lead in
cooperation and governance reforms to facilitate
cross-border grid interconnections with neigh-
bouring countries.

China and its regional partners should har-
monise national electricity markets to enable power
trading through such interconnections. Connecting
high renewable supply areas with load centres
requires regional planning to avoid lock-in of
fossil-based assets and infrastructure and lock-out
of renewables. Further, as electricity markets
become increasingly interconnected the risk of
cyberattack is best mitigated by strengthening and
harmonising regulations across jurisdictions.

China can benefit from the opportunities to
export surplus electricity and reduce electricity
costs through grid interconnections and balanc-
ing: regional electricity trading saves consumers
money and decreases the capacity margin
requirements for China and its partners. Coop-
eration on energy interdependence can build trust
among partners, creating wider benefits.

Regarding electricity market reform (EMR),
regional differences in capacity, dispatch and
balancing and political willingness to align
reforms may be difficult to overcome. A stepped
approach to EMR could be adopted, so that the
benefits of progressive reform are tangible to
each partner country.

4 Systematically Build
a High-Quality Energy System:
Policy Suggestions for Promoting
the Energy Revolution

4.1 Structural Change Is Necessary
for China’s Energy
Revolution

China’s strategic goal of supporting high-quality
economic development with high-quality energy
requires China to create a global and modern

energy system with effective market mecha-
nisms, moderate macro-control, vibrant enter-
prises and clean, low-carbon, economic, efficient,
secure and reliable energy. To achieve this, the
government has a key role to play in setting the
policy framework that levels the playing field
between low- and high-carbon sources of energy.
Once the government does this, markets will seek
out the cheapest energy sources and drive inno-
vation in low-carbon technologies and invest-
ment in enabling infrastructure.

4.1.1 Strategic Goals

• Well-designed market system. The objective is
to create a modern energy market system based
on harmonisation, openness and orderly com-
petition. Market monopolies will be eliminated.
Instead, a market will be shaped comprising
large energy companies cooperating, coexisting
and competing fairly with a range of companies
of different scale and ownership across the
energy value chain—in energy production,
transmission and sales. This will address issues
such as themisallocation of resources caused by
the unequal status of market players and dis-
orderly competition.

• Sound price mechanism. In competitive seg-
ments, prices will be decided by the market. In
natural monopoly segments such as pipeline
transmission, prices will be controlled by the
government. A price mechanism and a fiscal and
taxation system that truly reflect market supply
and demand, resource scarcity and environmen-
tal impact will be created to address current
unreasonable price formation mechanisms.

• Well-regulated government management. To
clearly define the boundary between govern-
ment and market and the new round of gov-
ernment reforms, several high-level,
consolidated and independent energy man-
agement authorities will be created, integrat-
ing functions such as industrial development,
Five-Year Plans, and energy policies and
regulations. They will operate according to
the principles of “what is not mandated by the
law shall not be done, what is not prohibited
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can be done, and what is defined as legal
responsibility must be done”.

• Effective market regulation. Unified, inde-
pendent and specialised regulatory authorities
and a modern energy regulation system will
be established. The latter will demonstrate
clear rights and responsibilities, fairness and
impartiality, transparency and efficiency, and
effective regulation. It will address issues
such as policymaker-regulator overlaps,
decentralisation, the current lack of regulatory
functions and the shortage of regulatory per-
sonnel and powers.

• Well-developed legal system. A system of
regulations and standards will be developed—
based on the Energy Law and supported by
legislation in the power, coal, oil, and gas
sectors—to ensure national energy security
and sustainable development. It will address
issues across the energy system such as the
lack of consistent guidelines and principles for
legislation, and the present inconsistency and
lack of alignment of the current legal system.

4.1.2 Strategic Priorities
A modern energy market system should be cre-
ated by:

(i) separating natural monopoly enterprises
from competitive businesses, improving
market access and encouraging investors
to enter the energy sector in an orderly
manner;

(ii) establishing and enhancing an energy
trading system that integrates the national
market with multiple regional markets and
applies consistent rules, complementary
functions and multi-level coordination;

(iii) establishing power system operators with
independent scheduling and trading to
effectively separate ownership and opera-
tion of power transmission and distribu-
tion networks;

(iv) encouraging oil and gas pipeline operators
to gain exclusive rights, separating pipe-
line transport services from downstream
retail sales, and providing fair access for
third parties to pipeline networks; and

(v) accelerating the development of smart
energy systems and an integrated energy
services market, and building an energy
system where centralised generation, dis-
tributed energy, energy storage and
demand-side load management enjoy
equal access.

The energy market’s price mechanism should
be reshaped by:

(i) applying the principle of “allowable costs
plus a reasonable profit” to natural
monopolies like pipelines, as this incen-
tivises monopoly industries to reduce pri-
ces and other companies to innovate;

(ii) deregulating market prices in competing
segments to achieve a market-determined
price mechanism;

(iii) implementing an electricity price mecha-
nism—that controls power transmission
and distribution and deregulates power
generation, sales and use—by establishing
a well-designed, independent and
performance-based power pricing system;

(iv) determining the methods needed to dis-
close power transmission and distribution
costs and pricing;

(v) deregulating the price of oil and natural
gas (which will be based on market com-
petition) and taking steps to deregulate
pricing in infrastructure like oil and gas
pipelines (but not gas distribution
networks);

(vi) establishing and improving directional
subsidy and relief mechanisms for people
in need and some non-profit industries;
and

(vii) eliminating cross-subsidies in energy
prices.

The energy management system should be
improved by:

(i) establishing and strengthening regulatory
authorities to better manage state-owned
natural resources and monitor natural
ecosystems. This should be in line with the
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new round of institutional reforms to
implement responsibilities relating to
publicly owned natural resources;

(ii) defining the boundary between govern-
ment and the market, standardising and
simplifying approval procedures, and
reducing the administrative burden on
companies subject to these approvals;

(iii) addressing grid integration of renewable
power and the need for inter-provincial and
interregional power transmission and dis-
tribution under the national energy strat-
egy; as well as fully deregulating the power
generation sector and ensuring all regions
purchase and use the legally binding min-
imum number of hours of wind and solar
power generation annually; and

(iv) improving peak shaving and the backup
auxiliary service market mechanisms,
upgrading thermal power flexibility and
increasing energy storage power sources.

The energy regulatory system should be
improved by:

(i) promoting policymaker-regulator separa-
tion, setting up independent, unified and
specialised regulatory authorities, and
improving the regulatory system at the
national and provincial levels;

(ii) defining regulatory responsibilities
(mainly for economic regulation), and
strengthening social regulation to ensure
competitive outcomes in natural monopoly
segments such as network infrastructure
(mostly pipelines); and

(iii) improving regulatory capabilities, inno-
vating regulatory approaches, improving
regulatory effectiveness and maintaining a
fair and competitive market.

A modern energy legal system should be
accelerated by:

(i) developing the Energy Law to provide a
basis for the creation and revision of other
laws and regulations in the energy sector;

(ii) revising the Electric Power Law, devel-
oping the Oil and Gas Law, improving the
Coal Law as soon as possible, and clari-
fying the basis for the creation, imple-
mentation, assessment, supervision and
adjustment of plans and strategies for
electricity, coal, oil and gas;

(iii) implementing the Energy Conservation
Law and the Renewable Energy Law, and
establishing consistent regulatory, coordi-
nation, decision-making and social par-
ticipation mechanisms; and

(iv) developing energy regulations and estab-
lishing and improving existing energy
rules, requirements, approaches and
procedures.

4.2 Create a Nationally Unified
and Dynamic Carbon
Trading Market

China has announced the launch of a nationally
unified carbon trading market, covering key
carbon-emitting industries such as steel, elec-
tricity, chemicals, building materials, paper and
non-ferrous metals. From the progress of ongo-
ing pilot programmes, the following challenges
were observed.

First, the failure to achieve market-based
electricity pricing is preventing the carbon trad-
ing market from working effectively. China
hasn’t yet established a new mechanism that
enables the market to determine electricity prices.
Electricity price control limits the power sector’s
potential to tap low-cost emissions reduction.

Second, current regulations on carbon emis-
sions are not sufficiently advanced to support the
creation of an effective carbon trading market, as
there are no uniform standards yet on assessment
and approval, trading and settlement, and their
effective supervision is not possible.

Third, the regional carbon trading mecha-
nisms are immature. Domestic products are iso-
lated from the international carbon trading
market. It is still under discussion whether Chi-
na’s future national carbon trading market should
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choose centralised trading at a single exchange or
decentralised trading at several exchanges.

Fourth, the liquidity of the carbon trading
market needs further improvement. Pilot carbon
trading markets experience the same problem of
poor liquidity, with both low volume and low
turnover.

To overcome these challenges, efforts need to
be made to:

4.2.1 Improve the System of Laws
and Regulations to Increase
Regulatory Capacity

Relevant legislative procedures should be strictly
implemented and the legal system for carbon
trading improved. In particular, the system
design for the national carbon trading market
should be based on experience from pilot
schemes. The rights and obligations of carbon
emission allowance trading participants, trading
methods and rules, dispute resolution mecha-
nisms, type and extent of penalties for violations,
and legal authorisation from jurisdictions should
be clarified—based on the Measures for the
Administration of National Carbon Emission
Trading issued by the NDRC.

Moreover, a regulatory mechanism for a car-
bon emission allowance trading market should be
established and a dedicated regulatory authority
set up to supervise market operations and par-
ticipants. The building of a comprehensive risk
control system for the carbon trading market
should be explored to prevent illegal operations
and maintain a well-functioning carbon trading
market. A legal supervisory system covering
various parties—including the government, ser-
vice providers, trading platforms and businesses
—should be developed. While fulfilling its reg-
ulatory role, the government should avoid con-
trolling and commanding the market directly.
Rather, it should focus on macro-policy planning
and supervision and leave the market to play its
intended leading role.6

4.2.2 Coordinating the Cap and Quota
Structure Correctly

The initial allocation of carbon trading quotas is
a core function of a carbon trading market. The
regional quota cap should be determined by a
combination of factors, including greenhouse gas
emissions, economic growth, industrial structure,
energy structure, and inclusion of the businesses
that fall within the emissions trading scheme.
Some quotas should be reserved for auction, held
in reserve to regulate the market if needed, and
for major projects.

First, the cap should take into account eco-
nomic growth, technological progress and emis-
sions reduction targets, and follow the principles
of “rigid cap, flexible structure, tight stock and
optimal increment” in the functioning and evo-
lution of the carbon trading market. Given eco-
nomic volatility and the uncertainty of
technological progress, an adjustment mecha-
nism should be designed to deal with these
uncertainties.

Second, industries vary in their emissions
reduction costs, emissions reduction potential,
competitiveness and carbon leakage effects,
which should be taken into account when
designing industry-specific emissions control
coefficients.

Third, the design of a 3–5-year trading cycle,
early determination of cap and adjustment mea-
sures, and a quota-relevant reserve system, are
necessary to meet long-term market expectations
and businesses’ inter-temporal quota manage-
ment needs and hence reduce compliance costs.

4.2.3 Establish a Unified Trading
Platform and Pricing
Mechanism

A unified carbon trading platform should include
regulatory, trading and support systems. Given
the inconsistencies in trading rules, trading pro-
cedures and price control in different carbon
trading markets, it is necessary to improve the
pricing mechanism (Fig. 23).

Auctioning initial carbon emission rights
enables the fair and effective allocation of those
rights. Government can set the minimum price
and businesses can acquire emission allowances

6Liu Huiping, Song Yan, Challenges for Launching the
National Carbon Emission Rights Trading Market and
Solutions, in Economic Review, 2017, (01):pp.40–45.
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through bidding. Given the status quo of Chinese
businesses, the creation of a pricing mechanism
for auctioning initial emission rights will need to
evolve from mostly free allowances to a growing
number of auctioned allowances.

4.3 Create a Unified, Efficient
and Flexible Electricity
Market

4.3.1 The Goal of Electricity Market
Reform

Electricity market reform is intended to:

(i) design a unified nationwide electricity
market to allow the free flow of resources
across the country, integrate provincial
markets in a phased manner and eliminate
the barriers to energy trading between
them;

(ii) increase the types of energy traded
between provinces and regions, and
enlarge the number of participants in the
market;

(iii) create a market mechanism that promotes
inter-provincial and interregional grid

connections for the exchange of clean
energy; and gradually introduce auxiliary
service market mechanisms, like
inter-provincial and interregional peak
shaving, to increase clean power trading
volumes across domestic borders;

(iv) expand the size of the electricity market
through mergers or fusions to reduce the
concentration ratio of power generators;
and

(v) develop a variety of power products such
as contracts for difference and medium-
and long-term contracts and futures to
mitigate fluctuations in electricity prices
and ensure stable revenues for all market
participants.

4.3.2 Establish an Efficient Pricing
Mechanism

• Deregulate prices. Price deregulation should
proceed step by step. It could start upstream
and develop into downstream, beginning with
input fuels and progressing through to gen-
eration and network access and eventually to
retail.

Fig. 23 China’s carbon
trading market system
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• Harmonise trading arrangements between
different transmission systems. Use price to
determine flows between interconnected
provincial and regional transmission systems,
signalling which provinces or regions could
benefit from new investment. Price can
stimulate lower-cost power plants to respond
more efficiently to demand.

• Implement time-of-use pricing. Time-of-use
pricing gives consumers the flexibility to
respond to variations in electricity prices and
demand.Again, it can proceed gradually, starting
with larger consumers, such as industrial facili-
ties with flexible production schedules, and
ending with smart household appliances.

4.3.3 Launch Market Trials
Progressively

• Carry out small-scale trials. Carry out
small-scale trials to competitively procure
new transmission investments in non-network
alternatives like microgrids or distributed
energy resources, ancillary services and so
on. Use competitive bidding or auctions for
the trials. These could provide valuable
proof-of-concept experience, as well as
innovative and cost-effective solutions. To be
successful, procurement must be open and
transparent.

• Progressively introduce market-oriented pro-
curement. If the competitive procurement trials
are successful, they can be scaled up and wider
market procurement progressively introduced,
where appropriate, across each electricity
system. Market procurement can reveal infor-
mation about the relative cost and benefits of a
range of power generation technologies.

4.3.4 Optimise the Power Management
Structure

The power management structure includes an
enhanced role for market procurement and a

regulated transmission system operator (TSO) or
independent system operator (ISO). Interna-
tional experience of the regulated TSO or ISO
model is yet to reveal the best performer of the
two, so it is more important to adopt a good
quality model early than to choose between the
options.

4.4 Reform and Improve New Energy
Subsidy Policies

4.4.1 The Combination of Carbon
Pricing and New Energy
Subsidy Policies Can
Deliver Better Results

The present study shows that the implementation
of carbon pricing policies will have a significant
impact on total energy consumption. As the ini-
tial carbon pricing level increases, total energy
consumption will decrease. The effects of carbon
pricing policies will be evident in the short term
and become significant over time.

In contrast to carbon pricing policies, the
introduction of renewable energy subsidies will
increase total energy consumption. Subsidy
policies will have a less significant impact on
total energy consumption than carbon pricing
policies. In the scenario that incorporates both
carbon pricing and renewable energy subsidies,
total energy consumption will be higher than in
the pure carbon tax scenario but lower than in the
subsidy policy scenario.

The scenarios reveal an important insight. If
governments are concerned that the introduction
of carbon pricing will have a significant negative
impact on energy consumption, they can intro-
duce non-fossil energy subsidy policies at the
same time. This will increase non-fossil energy
consumption and reduce fossil energy use,
thereby ensuring a smooth transition in the
overall level and patterns of energy consumption
(Fig. 24).
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4.4.2 Continuously Improve
and Implement Non-fossil
Energy Subsidy Policies

With the introduction of carbon pricing and
non-fossil energy subsidy policies, the proportion
of non-fossil energy in the energy mix will

increase. Non-fossil energy subsidies will have a
greater impact on energy mix adjustment than
carbon pricing. This may be due to the slower
reduction in cost of non-fossil energy technolo-
gies in the absence of policy support. Even though
carbon pricing policies reduce fossil energy

Fig. 24 Influence of carbon pricing and non-fossil
energy subsidies on total energy consumption and the
energy mix. Note BAU represents a carbon- and
subsidy-free baseline scenario. T90, T60 and T30

represent three carbon price scenarios ($90/tCO2e,
$60/tCO2e and $30/tCO2e respectively). S30 and S20
represent two scenarios (non-fossil energy price subsidy
of 20% and 30% respectively)
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consumption, if non-fossil energy subsidies are
not introduced the widespread use of non-fossil
energy would be difficult to achieve and the
adjustment of the energy mix would be slow.

In the combined policy scenario, fossil energy
consumption can be reduced and subsidy support
given to non-fossil energy. Under the joint action
of the two policy types, the effects of energy mix
adjustments can be very significant. Model
analysis results show that by combining carbon
pricing at $30/tCO2e with subsidies of 30%, the
proportion of non-fossil energy in the energy mix
can be increased to 50% by 2050. This indicates
that a combined policy mechanism is both
effective and necessary to promote future energy
transformation and an energy revolution.

4.5 Build a New System for Oil
and Gas Management
and Operation

In line with the overall requirements of Several
Opinions on Deepening Oil and Gas Sector
Reform published by the Central Committee of
the CPC and the State Council, China will pro-
mote market-oriented reform throughout the
entire oil and gas value chain. The objective is to
build a modern oil and gas market system that
features fair competition, openness and orderli-
ness, a strong legal foundation and effective
regulation by around 2030.

4.5.1 Reform the Mining Rights
Management System
for Oil and Gas to Help
Create a Mining Rights
Market

Reform the franchise system for oil and gas
exploration and production and deregulate the
mining rights market in an orderly manner.
While single-level mining rights management
continues, a shift from allocation to tendering
should be made. In high-risk areas, exploration
rights may be freely transferred by means of
invitation for bids, open bidding, exploration
plans or investment, or joint venture/cooperation.

In proven or low-risk areas, mining rights should
be transferred (sold) according to their valuation.

Set a reasonable cost of ownership for mining
rights and resolve the relationship between
resources and income. Different minimum
exploration investment standards should be set
for different regions, different minerals and dif-
ferent oil and gas resource areas at different
stages of exploration. In particular, the minimum
exploration investment thresholds for the first
and second years should be raised, while those
for the third year should be raised if needed.

Establish an exit compensation mechanism
and speed up the transfer of mining rights and
reserves to improve resource utilisation. To
acquire the exploration rights after a licence
holder exits, the prospective owner (the relevant
national government authority or other applicant)
should compensate the licence holder
accordingly.

Reform the franchise for joint operation with
overseas companies and improve domestic oil
and gas capacity. China will deregulate the
franchise of the three major state-owned oil and
gas companies (CNPC, Sinopec and CNOOC)
for cooperation with foreign companies in
onshore exploration and allow other companies
to make independent decisions consistent with
government regulations. The franchise for off-
shore cooperation should also be steadily
deregulated.

4.5.2 Accelerate Reform of the Natural
Gas Pipeline Network
and Build an Independent
and Diversified Oil and Gas
Infrastructure Market

Take steps to promote orderly pipeline indepen-
dence. In the medium and long terms, pipeline
transmission companies will take steps towards
financial, legal and ownership independence to
accelerate the separation of pipeline manage-
ment, sales and storage. This will ensure open
and fair access to third parties and improve
pipeline utilisation.

Improve laws and regulations and strengthen
supervision to ensure fair access. The Measures
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for the Regulation of Fair and Open Access to
Oil and Gas Pipeline Networks and the Measures
for the Administration of Natural Gas Infras-
tructure Deployment and Operation will be
improved, and the Rules for the Implementation
of Fair, Open Access to Natural Gas Infrastruc-
ture will be developed. These rules and regula-
tions will define how infrastructure operators will
maintain independent operation and provide
various services, such as pipeline transmission,
to all users in a fair and just manner. They will
also define rules for pipeline access, information
disclosure requirements and legal liability for
breach of fairness and openness.

Progressively eliminate restrictions to diver-
sify investment. Restrictions will be progressively
eliminated to allow and encourage the invest-
ment of private capital in pipeline deployment
and operation.

Strengthen the supervision and approval of
transmission and distribution pricing to reduce
transmission and distribution costs. Following
the principle of “controlling power transmission
and distribution, and deregulating power gener-
ation, sales and use” in the power industry, a
pricing system should be established to verify
independent gas transmission and distribution
costs. It should be based on allowable cost, plus
reasonable profit, and include constraints and
incentives,

Create standards and plans to interconnect
pipeline networks. The government should make
plans regarding investment, construction, opera-
tion and pricing criteria for crude oil, natural gas
and oil product pipelines.

4.5.3 Improve Oil and Gas Pricing
Mechanisms
and Progressively
Deregulate Oil and Gas
Pricing

Improve the oil product pricing mechanism. It is
advisable to deregulate domestic oil product
pricing step by step, allowing it to be determined
by supply and demand.

Progressively deregulate natural gas pricing.
In the near term, China will:

(i) carry out pilot programmes to deregulate
the end-use retail price of natural gas;

(ii) introduce price incentive policies, such as
interruptible supply pricing and peak and
off-peak gas prices;

(iii) determine the relationship between resi-
dential and non-residential gas prices and
gradually eliminate cross-subsidies between
residential and industrial/commercial gas
consumption; and

(iv) improve directional subsidy and relief
mechanisms for the most vulnerable
households and some non-profit industries.

In the medium to long terms, once upstream
operators are diversified, third parties have fair
access to infrastructure, and prices at the natural
gas exchange reflect supply and demand, China
will fully deregulate gas supply and sales pricing,
leaving it to be determined by the market.

4.5.4 Standardise Government
Administration and Create
an Effective Regulatory
System for Oil and Gas

China will:

(i) promote policymaker-regulator separation;
set up independent, unified and specialised
regulatory authorities; and improve the
vertical regulatory system at national and
provincial levels;

(ii) consider setting up an independent cen-
tralised energy supervision system within
the National People’s Congress, define
regulatory responsibilities (mainly eco-
nomic) and strengthen social regulation to
ensure fair competition in natural mono-
poly segments such as network infras-
tructure (mostly pipelines); and

(iii) improve the efficiency of government
regulation; give regulatory priority to
processes and activities such as market
access, trading behaviour, monopoly seg-
ments, tax payments, pricing, security and
environmental protection; and use a com-
bination of approaches including laws,
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administration, regulation and public
engagement to enable collaborative
supervision.

4.5.5 Improve China’s Energy
Emergency Response
System and Increase Its
Strategic Oil Reserves

China should accelerate its introduction of the
laws and regulations on energy emergency
response and strategic reserve management to
improve coordination and command in response
to energy emergencies and the ensuing risk to
energy security. Energy emergency response
tools should be strengthened. The use and stor-
age of strategic oil reserves should be improved,
as should supervision, post-event evaluation, and
information, technology and capital management
systems. Private capital’s desire to enter the
commercial reserve sector should be stimulated
with a reasonable reserve price mechanism.

4.6 Deepen Reform of the Coal
Industry

4.6.1 Restructure National Coal
Authorities

Government should guide and serve the coal
industry. By grasping the opportunities provided
by “deepening CPC and national institutional
restructuring”, national coal authorities should be
restructured to better implement coal industry
and market strategies and reduce administrative
intervention in individual entities.

4.6.2 Improve the Regulatory System
First, the coal industry regulatory system should
be strengthened and include input from regula-
tory and government authorities, central and
local governments, trade associations and social
organisations.

Second, the regulatory regime should cover
the various parts of the coal market. In addition
to coal quality, the regulation of commercial
transactions, logistics, capital and information
flow should be considered.

Third, regulation should efficiently target key
processes, such as quality standards, environ-
mental protection, performance of contract, credit
supervision, risk supervision, flow rate and flow
direction control, and coal mine safety.

Fourth, supervision of coal mine safety needs
to be aligned with reform of the state-owned
capital management system. Information and
smart technologies should be used to do this. The
limits of corporate governance should be defined
to reduce the burden of management on share-
holders and investors.

4.6.3 Build a Market Information
Network

First, coal circulation (from mine to end user)
should become increasingly smart to provide
insights into logistics and processing, deliver
important information on the coal market, and
enable key performance indicators to be measured.

Second, smart technologies should be used to
create integrated coal distribution parks, and
centralised real-time data acquisition points
should be set up at different distribution nodes.

Third, administrative silos should be disman-
tled and the regulatory IT platform should be
able to aggregate data from different authorities
and local government departments.

Fourth, cooperation between coal industry
associations and big data companies should be
enabled to create an intelligent coal market
information network and enhance coal distribu-
tion regulations.

4.6.4 Deepen the Reform
of State-Owned Coal
Companies

China should seize the policy opportunities pro-
vided by the structural reform of the coal
industry and the state-owned capital management
system to speed up the optimisation of capital
stock and eliminate inefficiencies.

At the same time, efforts should be made to
promote the two-wayflowof capital, coordinate the
exit of inefficient assets, facilitate the entry of new
companies, optimise the industry’s structure,
improve the operation of coal companies, and
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accelerate innovation and transition through
reform. A disposal platform for inefficient assets
should be created to promote their repackaging and
restructuring. Financial policies to reduce capacity
should be used to their full extent. The ability to exit
capital should be made easier and in conformity
with market principles by leveraging the reforms to
the state-owned capital investment management
system and through mixed ownership.

4.7 Speed Up Reform of State-Owned
Energy Companies

4.7.1 Accelerate Reform
of State-Owned Energy
Companies by Improving
Investment Efficiency

The government’s responsibilities as the investor
of state-owned capital should be defined to
achieve a shift from corporate management to
capital management. Within the framework of
reforming the state-owned capital management
system, state-owned energy companies should
set up state-owned capital investment and oper-
ations companies as soon as possible. They
should also establish modern corporate systems
and internal mechanisms adapted to the new
management system and carry out mixed
state-private ownership reforms.

4.7.2 Help State-Owned Energy
Companies Become
Stronger and More
Competitive

To ensure national energy security and social sta-
bility, state-owned energy companies have a social
responsibility to become stronger and better. They
should make the most of the country’s strong
industrial base. Issues such as high interest on debt,
weak operational ability and low profit margins
should be resolved to strengthen their businesses
and improve their global competitiveness.

4.7.3 Make Reform Breakthroughs
by Tackling Key Issues

First, a mechanism for state-owned capital’s exit
from inefficient and ineffective energy assets

should be created. State-owned energy compa-
nies could limit losses by exiting state-owned
capital to become leaner and fitter. The central
government, local government, businesses and
the general public should work together to
resolve the issues of “where will the laid-off
workers go, how will the debt be paid, and how
will the value of assets be managed”.

Second, the pace of reform in the power and oil
and gas industries should be accelerated. A dy-
namic and unified market system should be cre-
ated by eliminating the impact of existing interests
on conventional businesses. Energy market
supervision and regulation should be rapidly
introduced to improve energy supply capability.

Third, the investment management capability of
state-owned energy companies should be
improved, and the investment function of
state-owned capital given full play. More people
should be employed by state-owned energy com-
panies, especially those with capital investment
experience. To help state-owned energy companies
become dynamic, their internal management sys-
tems should be optimised and incentives increased.

Fourth, mixed ownership reform should be
deepened. Given the strategic significance of the
energy sector, state-owned holdings will con-
tinue to exist in the long term. But investment
openness and collaboration between state-owned
and private capital should be realised at different
levels and in different ways. Most importantly,
the different capital governance and management
mechanisms that apply to public and private
companies respectively should be aligned.

4.8 Enhance China’s Engagement in
Global Energy Governance

4.8.1 Develop Strategies for,
and Engage Deeply in,
International Energy
Governance Organisations

It is in China’s interests to firmly adhere to
multilateral norms and international rules, seize
opportunities and address challenges together
with the international community, and actively
participate in global energy governance.

Overview: High-Quality Energy for High-Quality Growth … 37



China should:
• establish comprehensive strategies and a

roadmap for participation in global energy
governance; assess the cost, benefits and risks
of its participation in global energy gover-
nance in different scenarios; and define the
different methods for participation and the
support systems required;

• respond actively to the expectations of the
international community on China’s partici-
pation in global energy governance by
adopting the International Energy Agency’s
oil emergency response mechanism, improv-
ing data quality and integrating international
energy strategies;

• establish an internal conference and consul-
tation mechanism to reach agreement on
major international energy issues and be
represented at international conferences to
express China’s point of view in a more
powerful way;

• decide which international energy confer-
ences and activities to participate in and
identify the departments and officials to
attend and the goals to be achieved;

• release transparent national energy policies on
a regular basis. This means publishing a
national energy white paper at regular inter-
vals and publicising China’s domestic energy
policies and external energy relations; and

• set up a minimum supply and emergency
system (like strategic oil reserves) for poten-
tial energy security problems (like wars).

4.8.2 Strengthen China’s Capacity
to Participate in Global
Energy Governance

China’s ability to modernise its energy gover-
nance is a prerequisite for its participation in
global energy governance. China should:

• work actively on the international energy
agenda, especially those issues that affect
emerging economies and developing coun-
tries (soft power);

• develop the ability to apply international
energy rules expertly and be familiar with the

laws and regulations of international energy
trade and financial investment;

• reform the domestic energy governance sys-
tem and international energy cooperation
mechanism and introduce a modern gover-
nance structure for energy diplomacy;

• develop a pool of expertise on international
energy governance;

• improve the ability of energy companies to
participate in international energy market
activities (hard power); and

• form discussion platforms with the help of
non-official and international organisations
and enhance research in—and build capacity
to participate in—global energy governance.

4.8.3 Create a Spirit of Openness and
Accept that the International
Energy Market Can Ensure
Energy Security Under
Normal Conditions

In the future, China and the world will be
increasingly open towards each other in global
energy governance. China should be more aware
that the international energy market can ensure
energy security under normal conditions and
support efficient and competitive global markets.

There is global consensus that the interna-
tional energy market can ensure energy security
under normal conditions. Dependence on
imported energy (mainly oil and gas) no longer
means weak energy security. In the future of
globalisation, thanks to mutual opening up, the
global energy transition and China’s energy
revolution, the effects of an energy shortage may
not be as critical as before and energy com-
modities procured from the international market
may be cheaper than those produced in China.

Win-win energy development can be achieved
by identifying areas for international cooperation,
learning from international energy development
experience, applying advanced technologies, and
using foreign investment to make the domestic
energy market more competitive. China’s further
integration into the global energy market will
contribute to the energy security of the whole
world, not only to China and East Asia.
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source, provide a link to the Creative Commons license
and indicate if changes were made.
The images or other third party material in this chapter are
included in the chapter’s Creative Commons license,

unless indicated otherwise in a credit line to the material.
If material is not included in the chapter’s Creative
Commons license and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you
will need to obtain permission directly from the copyright
holder.
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