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Preface

In June 2014, Chairman Xi Jinping came up with a new strategic thinking
of energy security involving pushing through revolution of energy consumption,
supply, technology advancement, the energy system, as well as strengthening
international all-round cooperation. The new strategic thinking tears the mask
of the underlying logic and overall trend of global energy sources development,
elucidates the inherent law of China’s energy sources development, and points
out the direction of development. This new strategy, which is summarized as
“Four Revolutions and One Cooperation”, could be seen as the guideline to
follow for all sectors among China’s energy industry in the new era.

Over the course of the “13™ Five-Year Plan” period, China’s energy
revolution has made distinct progress in accelerating China’s ecological
conservation and promoting green development of the globe. In the aspect
of energy consumption, through the revolution total consumption has been
effectively controlled, energy conservation and emission reduction, as well as
clean utilization of fossil energy has been intensively implemented, extensive
form of energy consumption pattern has been mitigated, with energy efficiency
being improved evidently, and the structures of the industry and energy
consumption have both been optimized. In the aspect of energy supply, share
of renewable and natural gas in the energy mix has been increased, share of
coal is gradually reduced, transition to clean production and environmentally
friendly utilization of coal supply is ongoing, construction of transportation,
distribution and storage system is accelerating, a diversified energy supply
system is initially established. In the aspect of energy technology, new energy
technology such as distributed energy system, energy storage and hydrogen has

been actively promoted, which makes photovoltaic and wind power generation,



and power battery more economical, new sectors such as shale oil and gas,
new energy vehicles and “Internet Plus” smart energy technology grow rapidly,
transformation and upgrading of the energy industry has achieved prominent
results. In the aspect of energy system governance, reform of electricity and
oil&gas industries has been deepened, a market-driven pricing and regulatory
system aiming to “control the midstream and open up the upstream and
downstream” is under way, the reform of “Delegation, Regulation and Service”
delegate power, strengthen regulation and optimize service is actively carried
out, legal system construction is forging ahead orderly, great progress has
been achieved in building a modern energy governing system. In the aspect
of international cooperation, cooperation with countries along “Belt and
Road” has been reinforced, overseas energy project investments have been
increased, China has become an active participant in global energy governance,
multilateral and bilateral cooperation is promoted vigorously, and the variety of
energy supply channels has been expanded.

In response to changes unseen in a century, especially to the development
tendency of a post-2019 Corona Virus Disease (COVID-19) era, we should
insist on the aim of moderate energy consumption growth which is capable
of supporting economic growth. We should insist on “double control” of total
amount and intensity of fossil energy consumption. We should promote the
green and low-carbon transition, enhance the multi-wheel driving, multi-variety
collaborative supply capability. We should concentrate on striving to break
through technology barriers, and overcome difficulties regarding key and core
technologies and equipment. We should get rid of any system and mechanism
shortages that disagree with the demand of future development, create a fair
competition environment, and let the market exert its influence in allocation of
energy resources. We should continue to open-up further to the outside world,

and actually enhance our capability of securing energy safety. We should make



great efforts to level up in capabilities of international energy cooperation, and
actively participate and facilitate changes of global energy governance system.
In order to implement the new strategy of energy security of Chairman
XI Jinping, follow the guidelines of ecological conservation and energy
high-quality development, and promote the strategic deployment of “Four
Revolutions and One Cooperation”, Institute for Resources and Environmental
Policies, Development Research Center of the State Council gather a large
group of experienced and highly-skilled professionals and scholars to
summarize achievements and experiences made by various departments,
industry association, major enterprises, research institutes, universities and
colleges across the country since the publication of the new energy strategy,
analyze opportunities and challenges confronted among the energy sector
due to domestic and foreign factors, and depict an outlook of China’s energy
revolution for the next decade, in order to better serve the green development
strategy, and provide support to the nation’s energy security. Hopefully this
work could facilitate the energy revolution going into a further and deeper

place.
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1. Remarkable Results of China Energy Revolution
during the “13" Five-Year Plan” Period®

Energy issues are of great significance and have profound influences since
they are closed related to homeland security as well as economic growth. Facing
the new era development demand and the global and domestic situation, based
on the fact that by far China is still the largest developing country and in the
primary stage of socialism, and following a strategic direction of guaranteeing
safety, preferring conservation, green and low-carbon, and initiating innovation,
the Chinese government pays heavy attention on promoting energy revolution
and building a clean, low carbon, safe and efficient energy system. Over the
course of the “13" Five-Year Plan”, China has been accelerating adjustment of
energy consumption structure, reducing coal consumption, stabilizing oil and
gas supply, substantially increasing clean energy in the mix. The new energy
security strategy, also known as “Four Revolutions and One Cooperation”
has been promoted persistently, and consequently there are some major

achievements stemming from the revolution.

(1) Adjustments of Industrial Structure and Energy Mix Have
Been Made solidly and Energy Efficiency Is Improved remarkably

@ Energy Consumption Is under Appropriate Control and
Energy Mix Is gradually Improved

The controlling target set by the “13™ Five-Year Plan”—*“double

control” of total energy consumption and consumption intensity, as well

@ Data from 2015 to 2019 on China energy and others are derived from the Energy Data Analysis
Manual of the National Energy Administration, National Development and Reform Commission, National
Bureau of Statistics, China Electricity Council, China Coal Industry Association and other institutions.
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as controlling for carbon emission intensity—effectively makes energy
consumption growth rise at a moderate pace, and facilitates the
improvement of energy structure. China’s energy consumption reaches
4.86 billion tons standard coal in 2019, increasing 0.53 billion tons standard
coal comparing to 2015, representing a 2.9% increasing rate per annum, and
a 0.8 percentage points drop than the “12" Five-Year Plan”. The elasticity
coefficient of energy consumption is 0.44, falling 0.05 than that of the “12"
Five-Year Plan”. Among the mix, the share of coal consumption is 57.7%, 6
percentage points lower than 2015, oil consumption 18.9%, slightly higher
(0.6 percentage points) than 2015, natural gas consumption 8.1%, increasing
2.2 percentage points, non-fossil fuels 15.3%, increasing 3.2%. China’s non-
fossil fuels consumption in 2019 reaches 740 million tons standard coal (year-
on-year growth 12.1%), which represents 22.7% of the world’s total non-fossil
consumption, and is the highest among countries globally.

Share of clean energy goes up, and coal consumption falls. The
consumption structure reshaping is making considerable advances. China
determines to restructure and reshape its energy consumption structure, and
promote the coal substitution strategy, the “coal to electricity, coal to gas
heating reform” policy, as well as the acceleration of development of green
energy carriers. In 2019, China’s non-fossil consumption share is more than
15%, which is in line with world’s average level. The coal consumption
share is 63.7% in 2015, which falls from 36 percentage points higher than the
world’s average level to 30 percentage points higher in 2019. Oil and natural
gas consumption share is around 30 percentage points lower than the world’s
average level, however, the absolute share of natural gas is 5.9% in 2015, which
increases from 18 percentage points lower than the world’s average level to 16
percentage points lower than the world’s average level. Growing replacement

of coal by clean energy has gained pronounced carbon reduction effect. During
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the “13" Five-Year Plan” period, carbon reduction from use of non-fossil fuels
is close to 700 million tons of carbon dioxide, total carbon reduction in five

years adds up to 3.5 billion tons carbon dioxide.

(@ Energy Efficiency Increased steadily and Conservation
Effects from Major Energy-intensive Industries Are Satisfactory

Comprehensive energy efficiency has been increasing gradually.
Efficiency of major energy-intensive industries has been improving
constantly. China’s energy used per unit of GDP in 2019 falls by 87.1% (on
a 2015 purchasing power parity basis, 0.55 tons standard coalper 10,000
CNY). The efficiency has been increased steadily. Target set by the “13" Five-
Year Plan” is hopefully to be achieved. In the power sector, average coal
consumption rate for coal-fired power unit of 6,000 kilowatt-hours and above
i1s 306.4 grams per kilowatt-hour, an 8.6 grams per kilowatt-hour fall than
2015, which represents a reduction of 2.15 grams per kilowatt-hour per annum.
The efficiency of coal-fired power unit is keeping in a world class level. The
loss rate of national grid is 5.93%, falling 0.71 percentage points than 2015.
Efficiency of major energy-intensive sectors and products is approaching the
world class level. Comparing efficiencies in 2018 to 2015, energy consumption
per ton of crude steel falls by 4.2%, machine-made paper and paperboard falls
by 6.2%, caustic soda falls by 2.9%, calcium carbide falls by 2.9%, synthetic
ammonia falls by 2.8%, concrete falls by 3.6%, plate glass falls by 4.8%. In
transport sector, number of new energy vehicles owned is reaching 5 million,
CHINA 5 emission standard for motor vehicles is implemented, which is
broadly consistent with standards adopted by developed countries in EU and
Americas.

Shutting down and phasing out excessive capacity continue to be
promoted in the energy-intensive industries, which facilitate efficiency

improvement effectively. During the “13"™ Five-Year Plan” period, China
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continues to push forward excessive capacity phase-out of the energy-intensive
industry by mitigating industrial operating difficulties as well as promoting
improvement of energy efficiency. By 2018, phasing-out capacity among
sectors of steel making, coke, aluminum, concrete, plate glass, calcium carbide
and paper has been 145 million tons per year, 76 million tons per year, 6 million
tons per year, 134 million tons per year, 383 million tons per year, 9.72 million
tons per year, 14.6 million tons per year, respectively, which represent 15.6%,
17.3%, 16.8%, 6%, 44%, 38%, and 12.6% share in 2018 annual capacity
respectively. Also, the level of recycle and reuse of energy in key industries
and sectors has been increasing further, recycle and reuse of residual heat and

pressure, as well as emission of ambient gas have been making certain effect.

(3@ Concept of Energy Conservation Has Received Increasing
Appreciation and National awareness of Energy Conservation has
Been Nurtured preliminarily

China has been advocating simplified lifestyle and making efforts to
promote green consumption. Government enacts Citizens’ Code of Conduct
for Ecological Conservation, and launches thematic practice activities of
“For a Beautiful China, I’'m taking actions”. Various industries and sectors
have been made certain progress by practicing the green lifestyle—Building
a conservation-minded government, improving evaluation standards of
conservation-minded public institutions; setting up standards for utility of
water, electricity and fuels; establishing a quota management system; adopting
measures of financial, taxation, government procurement, etc, to promote
new energy motor vehicles; vigorously developing public transportation has
become major tasks of local governments; establishing “green communities”
from planning, residence design, to management, operating and maintenance,
adopting more high efficiency, low-carbon emerging technologies, and using IT

platforms and tools to create a beautiful and livable community; nurturing green
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family, encouraging the use of efficient electrical appliances, appropriately set
the upper limit of indoor cooling and heating temperatures, reducing wasted
illumination, as well as electrical appliances standby consumptions.

The green development idea has been followed. Circular development
in the energy sector is actively promoted. Circular Development Trend-
setting Action was launched in 2017, which clearly defined major indicators
of circular development during the “13"™ Five-Year Plan” period-constructing
experimental circular Eco-industrial complex, promoting circular restructure of
the complex, establishing effective circular industrial system, and continuing
improvement of urban circular development. Circular transformation has been
conducted for chemical and light industrial complex along the Yangtze River
Economic Belt, community complex in the Beijing-Tianjin-Hebei region, and
petrochemical, light industry and building material manufacturing complex,
planning systematically for construction of circular utilizing treatment facilities
of industrial solid waste and municipal solid waste. New business model has
been explored and implemented in area of Internet Plus resource circular
utilization, the venous industry is under accelerating development, recycling
network to combine online and offline has been built, and the full lifecycle

tracing mechanism for key products has been set up.

(2) Clean and Low-carbon Energy System Development
Is Promoted and a Diversified Energy Mix Has Been basically
Formed

@ A Diversified Energy Mix Has Been gradually Formed and
the Supply Mix Is further Improved

Capability of securing energy safety is enhanced. Scale of non-fossil
energy supply ranks 1 in the world. Energy supply securing system in China

is basic complete. Total energy production, coal production, installed electricity
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capacity and power generation all ranks first in the world. Primary energy
production of China in 2019 reached 3.97 billion tons of standard coal, 0.36
billion tons more than 2015, 3.85 billion tons among which are coal production,
0.19 billion tons are oil production, total natural gas production is 1.736 billion
cubic meters®, full scale power generation reaches 7.5 trillion kilowatt-hours
(among which non-fossil power generation share reaches 31.9%). By 2019,
national installed power generation capacity approaches 2.01 billion kilowatt-
hours, increasing 0.48 billion kilowatt-hours than 2015. In 2019, import volume
of crude oil, natural gas and coal is 0.51 billion tons, 135.2 billion cubic
meters and 0.3 billion tons respectively. Import sources of energy appears to be
diversified, in 2019, China imports oil from 43 countries, and natural gas from
31 countries.

Energy supply system adapted to special layout of high-quality
development is basically formed. Energy production and supply layout
becomes more complete. First, through construction of a series of energy
bases, various energy and resources realize large-scale extraction and localized
transformation, the “supply from the West, use in the East” pattern has been
refined-raw coal production in China is mainly from provinces of Shanxi,
Inner Mongolia, Shaanxi and Xinjiang, the production from which four
provinces takes 75% of the national total production; main producing areas of
oil and gas located in the Northeast, Northwest, Shaanxi, Xinjiang, Sichuan
and Chongqing in the Southwest, Shandong province in Eastern China, Bohai
Gulf and coastal area in the South China Sea; main hydroelectric resources
distributed among Sichuan, Yunnan, Guizhou provinces in the Southwestern
region; main nuclear power generation concentrated in the eastern coastal

area; inland wind power resources mainly located in “Three North Areas” of
; p y

@ Primary energy production does not contain “coal to gas”.
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Northwestern, eastern and northeastern regions. On the other hand, energy
demand concentrated in the Eastern and Central regions. Reinforcing building
processing and conversion capacity of power and oil refining to make it more
localized to the end users, as well as developing distributed energy systems
of wind, solar and biomass could make a gradual progress towards an energy
structure among which “distant supply” is of equal importance with “localized
supply”.

@ Level of Clean and High Efficiency Production and Utility
of Coal Has Been Improved and Non-fossil Energy Has Been
Developed rapidly

Problems of excessive capacity in the coal and coal-fired power
generation sectors are resolved. Clean and high-efficiency coal production
and utility are promoted. Industrial pattern of coal sector has been continually
improved. The industrial concentration is further enhanced. From 2014 to
2019, outdated capacity shutdown has been totaled 900 million tons, coal-
fired unit capacity phase-out has been more than 30 gigawatts, and fourteen
modern coal production bases have been constructed. During the “13"™ Five-
Year Plan” period, although the coal production is rising annually, the share of
coal among primary energy production has been declined to 68.6%, realized
3.6 percentage points decrease than 2015. Installed coal-fired power generating
capacity experienced moderate increase, and reaches 1.04 billion kilowatts by
2019, representing 51.7% share of total power generation capacity nationwide,
a fall of 7.3 percentage points than 2015. Existing coal-fired power generating
units have completely realized desulfurization and denitrification. Coal-fired
power generation unit of 0.3 million kilowatts or lower has been shut down
orderly, proportion of high-efficiency and low-carbon emission coal-fired unit

is constantly growing (and has been reached 85.6%).
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Large-scale non-fossil projects are under development, energy mix
has been improved continuously. By 2019, capacities of installed power
generating unit of hydro, wind and solar are all ranked first in the world. Non-
fossil power generating capacity takes a share of 42% of China’s total installed
capacity, renewable energy power generating capacity reached 790 gigawatts,
representing a share of 39.5% among total power generating capacity
nationwide, among which capacity of hydro, wind and solar is 360 gigawatts,
210 gigawatts and 200 gigawatts respectively, increasing 12.5%, 62.8% and
363.2% comparing to 2015. Nuclear power generating capacity is 48.74
gigawatts, power capacity under construction is around 10 gigawatts, with
projects of Changjiang phase II in Hainan and San’ao phase I in Zhejiang being
approved in September 2020.In 2019, non-fossil fuels account for 18.8% share
of the energy mix, increasing 4.3% than 2015, among which hydroelectric
capacity is 1.3 trillion kilowatts (account for 9.5% of primary energy),
wind and solar power generation is 405.7 billion kilowatts and 224.3 billion
kilowatts respectively, nuclear capacity is 348.7 billion kilowatts. Over the first
four years of the “13™ Five-Year Plan”, increment of domestic energy supply
reaches 510 million tons of standard coal, among which contribution of non-
fossil fuels accounts for around 50%. Meanwhile, new energies like hydrogen
have enjoyed rapid development, and development and utility of geothermal

and biomass has received additional attention.

(3® A Nationwide Infrastructure Network Has Been basically Built
Up and Construction of Smart Energy Production System Has Been
Promoted orderly

Apparent achievements have been made in aspect of infrastructure
network construction. A peaking load regulation storage system has
been fundamentally built. Energy transportation capability is improved,

which effectively support energy supply to be transported from the Northwest
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(Provinces of Shanxi, Shaanxi and Inner Mongolia) and the Southwest
(Provinces of Sichuan and Yunnan) to the North, Eastern, Central, and South
China, as well as from east Inner Mongolia to the Northeastern region.
Construction of channels of coal transportation is carried forward orderly,
a network of “From the West to the East, the North to the South” has been
fundamentally formed. Lengths of coal transport railway surpass 20,000
kilometres, annual transport volume by railway is 2.46 billion tons, accounting
for 64% of the total production. Material progress has been made regarding
natural gas production, supply, storage and marketing system, a nationwide
interconnected network supporting “From the West to the East, from the North
to the South, from the Costal to the Inland” has been established. By 2019,
lengths of gas trunk lines are over 87,000 kilometres, primary gas transport
capacity is over 3.5 trillion cubic meters per annum. Network of crude and
products pipelines is further improved, which could basically support supply
to be transported “From the West to the East, from the North to the South,
and from the Coastal to the Inland”. By 2019, lengths of crude and products
pipelines have reached 30,000 kilometres and 28,000 kilometres respectively.
12 key power lines for air pollution prevention are built, supporting electricity
to be transmitted “From the West to the East”. By 2019, length of power lines of
220 kilovolts and above is 755,000 kilometres, 35 kilovolts and above is almost
2 million kilometers, capacity of transporting from the West to the East is
around 300 gigawatts. A multilevel and diversified peak-load regulation storage
system has been constructed. The contingent support capability is enhanced. By
2019, 27 underground gas storages have been built up, with effective capacity
of 10.2 billion cubic meters. Gross installed capacity of pumped storage power
station is over 30 gigawatts, installed capacity under construction is over 50
gigawatts. Structure and layout of oil storage is improved, capacity of storage

is enlarged, which basically meet the target set by the “13" Five-Year Plan”.
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Deep integration of energy production and modern information
technology is promoted. Smart energy system construction has made
preliminary achievements. Interpenetration between energy producing system
and information technology is accelerating. “The Fifth Generation Wireless (5G)
plus smart mine” construction has made certain progress. By 2019, more than
200 mining and excavating smart working faces has been built. Main power
generation enterprises actively carried forward constructions of smart power
plants and model projects. Level of intelligence of oil refining enterprises is
constantly increased. Technologies such as online testing, online analysis,
online reconciliation and intelligent control have facilitate the realization of
automatic production and intelligent security emergency response for most of
the domestic refineries. In the aspect of oil and gas exploration and production,
constant excavating and utilization of massive subsurface data-3D seismic
data, well logging data and drilling data-improved successful rate of oil and
gas “sweet spot” discoveries, which facilitate major discoveries of Sichuan-
Chongqing shale gas, Dagang and Xinjiang shale oil. Construction of “smart
oil field” 1s accelerating. By 2019, digital coverage of producing wells and
stations is over 90%. Number of “unattended” oil and gas producing plant is
constantly increasing. “Well factory” pads with 6-10 wells have been emerging

successively, which effectively increase oil and gas production.

(3) Various Breakthroughs in the Areas of Energy Science
and Technology Have Been Achieved, Which Drives Upgrade of
Energy and Relative Industries

@ Innovations of Advanced Technologies in Energy Development
and Efficiency Improvement Have Been constantly Made and
Widespread Use of Green Technology Has Been Realized

Innovations of technologies and equipment in energy development,
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transport, storage and utilization have made various progress,
advancement of energy science and technology is enhanced apparently.
Energy technology of China is going through a conversion from following to
leading by independent innovation. In coal mining, technologies regarding
comprehensive mechanized mining, smart mining have been advanced
globally. In oil and gas development, technologies and equipment relative to
tertiary recovery and oil and gas development under complicated situation
is in a leading position. Technologies of Logging While Drilling (LWD),
Coiled Tubing Drilling (CTD), high accuracy 3D seismic have made massive
progress. In areas of oil and gas transportation and storage, large equipment
like compressor unit of LNG and long-distance pipeline could almost be
manufactured domestically. Large capacity gas pipeline engineering design
technologies of pipe-laying on complex topography and under complicated
weather conditions, and gas storage construction technologies have made
breakthroughs. In power generation, supercritical thermal power technology has
been used widespread. Construction of the most technological advanced clean
coal power system has been completed. In power transmission, technologies of
1,000 kilovolts ultra high voltage alternating current and £800 kilovolts ultra
high voltage direct current complete set of equipment approached world class
level. Key technologies of multi-terminal flexible direct current distribution
network have made breakthroughs.

New Energy technologies are gradually making progress. Active
promotion has been widely exerted on technologies of clean energy
utilization. In the area of power generation by renewable, conversion
efficiency of power generation by solar cells and modules is increased
continuously. Average conversion rate of Monocrystalline cell reaches 22.3%.
Comprehensive cost falls 82% relative to 2010. Prices of monocrystalline and

polycrystalline components fall to 1.5 CNY per watt or lower. Capacity of wind
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power generation units increases constantly, for which capacity of onshore units
reach 5 megawatts, offshore units reach 10 megawatts. Comprehensive cost of
onshore wind power is 39% lower than 2010, while offshore is 29% lower. In
areas of clean and alternative energy, technologies advancement of new energy
car, Liquified Natural Gas (LNG) heavy duty truck and vessel restructuring,
clean oil products, integration of refining and chemical, diversified feedstock
sources for making olefin, and high value-added chemical products are making
obvious progress. Comprehensive localization rate of the newly constructed,
third generation of nuclear power unit approaches 85%. Technology research
and development of the fourth generation of nuclear power generation such
as small, fast, high temperature gas cooled reactors is under test use. In the
area of clean coal utilization, technologies of desulfurization and denitration,
high efficiency electrostatic precipitation have been adopted on coal-fired
power units, which leads to a sharp decrease in pollutant discharge. In the
area of recycling and reuse, technologies of residual heat, pressure and gas
recycling, as well as flue gas waste heat recovery have been widely applied in
industrial departments like steel and iron, building materials, petrochemical,

nonferrous metals and papermaking.

@ Integration of New Generation of Information Technology
and Energy Technology Has Been Accelerated and Speeding Up the
Construction of a Multi-energy Complementary System

Development and integration of internet technology and the new
generation of information technology continues to proceed. The value of
information and data has been dug in depth. New energy technologies and
the new generation of information technologies are continuously combined
and integrated, 5G, internet of things, cloud computing, big data, artificial
intelligence and blockchain technologies have been gradually used in sectors

of coal, power generation, oil and gas, which leads to a material increase in
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the degree of intelligence among energy sectors. In the area of energy internet,
innovation of operation model for electric vehicles has been constantly made,
functions like charging monitoring module, mobile energy storage system and
SaaS system, energy connectivity module, smart energy management module,
020 business development and vehicle-net interactive module have been
added to charging operation management platform. Functions like charging
APP have been complemented. Interconnection between charging facilities and
integration of platforms have been promoted, which realize interconnection
among physical interface, service information and settlement of transactions,
and the charging points hosting operations. Electric car aggregating operation
technologies and high-efficiency energy storage technologies have been
utilized in smart home and smart community. Massive data of electric car
charging and discharging, energy storage and residential consumption are
gathered and utilized. Demand side response cloud platform based on electric
car are constructed, which could facilitate residential energy consumption
management, be synergized with power grid operation, and create use value of
end-use front facilities like power battery.

Industry integration between energy and information technology
is dawned. The barriers between different departments appear to be
loose. Rapid development of digital energy and information technology, as
well as the technology of synergized energy sources management platform
facilitate breakthrough of “shaft” between different fields of coal, oil and gas,
power generation, communication technology as well as automobile, with
communication enterprises step into energy, energy enterprises march into
communication. Industrial barriers gradually collapse. Energy enterprises
accelerate their pace to become smarter and more digitalized. Information is
shared between multiple industries. On the industrial level, various entities

actively promote sharing economy. Explorations in technology innovation have
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been further deepened on the subjects of synergetic stations, synergetic towers,
synergetic signs and posts, centralized management of information gathering
for electric, water, gas meters, four networks-internet, TV, telecommunication
and electric- integration, and cooperative of vehicles and internet. New models
such as power generation be renewables, effective integration of natural gas
and geothermal, interconnection between information and various energy
infrastructures, and fully interaction between energy consumption and supply

have appeared to be well promoted.

(® Technical Breakthroughs Forge Rapid Growth of Emerging
Industries and New Commercial Models and New Business Forms
Are Emerging

Technical breakthroughs that largely expand industrial chains have
become hot spot of innovation and creation in the energy industry. New
energy technologies, new materials and advanced manufacturing technologies
have been integrated. Breakthroughs create new energy and relative demand.
Solar power generation industrial chain grows rapidly over the course of the
“13™ Five-Year Plan”, the installed capacity (totaled over 2 gigawatts, among
which centralized solar capacity accounts for 60%, distributed solar capacity
accounts for 40%) of which ranks number one for consecutive years. Capacity
of off-grid power generation is over 2 gigawatts, accounting for one third of
total distributed capacity. Self-charging sales model, self-charge rent model,
sell car and rent battery model, plus charging and battery rent model have been
brought into industrial chain of new energy vehicles, which mitigate conflict
of interests among enterprises of car manufacturing, battery manufacturing,
battering rental and operating, power generation and consumers. This leads
rapid development of up, middle and downstream sectors. The leading role

of new energy manufacture and relative industries has been emerging, which
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prompt export increase of equipment like solar and wind power generation
equipment, as well as vehicles for many years, and facilitate transformation and
upgrade of relative industries and promote economic growth.

New energy technologies support the innovation of commercial
model. The new models prompt re-shape of the ecosystem of energy. New
energy internet technologies are emerging. First batch of 55 “Internet Plus”
smart energy model projects has been initiated. Those all strongly support
the innovation of commercial model. The involvement of capital, equity
and human resource markets have enhanced enthusiasm of all participating
parties, which facilitating the integration of flows of energy, information, value
and capital. Models of E-commerce for energy marketing, financialization
for energy trading, marketization for investment are created. Integrated
Energy Companies (IEC) which provide integrated solutions for clients will
be prompted to form. The concept and business model of integrated energy
service will break the traditional pattern where different energy will be
planned, designed and operated separately, and strive to achieve synergies of
“electricity-heat-cooling-gas-water” horizontally, and of “integrated operation”
vertically. Innovations of technologies and commercial models such as off-grid
power generation, distributed energy market transactions, demand response
promote the realization of information interflow between producer, consumer,
operator, transporter and regulator. Energy ecosystem formed thereby shifts
the traditional situation where producer and consumer are strictly separated.
Efficiency of the energy system is materially increased. A reformed energy
ecosystem is emerging, which could mitigate imbalances between energy
supply and demand and reduce structural waste, and therefore increase
comprehensive efficiency for the whole society, as well as reduce operation

cost of enterprises.
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(4) Pushing forward Reform of Energy System and Relative
Mechanisms and a Fledgling Modern Energy Governance
System Is Emerging

@ Positive Changes Arose with Regard to Monopoly Energy
Market and Effective Market System Encouraging Competition Is
gradually Built

The reform of energy system and relative mechanisms is stepping into
deep waters. Top-level design and supporting policies have been launched.
Over the course of the “13™ Five-Year Plan”, programmatic documents
such as Suggestions on further promoting power system reform, Instructions
on reform of the oil and gas system, Guidelines on promoting institutional
reform for equities of natural resources, Decisions on removal certain
licensing requirements and delegation of permission authorities have been
published, which leads to further reform and open-up of the energy sector and
improvement of energy market and regulatory system. A new market structure
is preliminarily constructed, with sizable enterprises taking dominant position,
numerous small and medium-sized entities participating as supplement.
Monopoly in the oil and gas industry is collapsing. Within the energy sector,
reform of state-owned companies and the mixed ownership reform is going
deeper. Market activity is heating up. The pace of constructing an open, unified,
orderly and high efficiency energy system is accelerating.

The reforms of electricity and oil and gas system are pushed forward
orderly. The degree of marketization increases. Pilot reforms cover almost
each sector within the industry, with comprehensive reform taking the lead,
supplemented by other multiple trials. Transition to shareholding structure of
power trading entities is proceeding orderly. Trial operation of spot electricity

market is initiated. Mid-term and long-term electricity trading mechanisms
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are further improved. Volume traded by market transactions is enlarging. Trial
has been made on trading by market transactions for off-grid power. The sixth
batch of trials on incremental power distribution business has been commenced.
Reform of electricity pricing is exerting with greater efforts. Reform within
the oil and gas sectors has made positive progress. Comprehensive promotion
covering the whole value chain is carried forward orderly. Upstream
exploration market is opened up orderly. Rights transfer of exploration and
development is fully promoted. Societal capitals are brought in from various
sources. Establishing China Oil & Gas Pipeline Network Corporation, starting
the process of separating marketing from transport, as well as opening up
long-distance and provincial network transported oil and gas to third parties.
In the area of urban gas and oil product sector, open-up is promoted further.
More market entities are encouraged to enter into the market. Market structure

becomes more diversified.

) Commodity Attribute of Energy Sources Starts to Rediscovered
and a System of Market Pricing Is Promoted to Be Established gradually

Market pricing reform for energy sources is being restored more
rapidly. A system of market pricing is preliminarily formed. Programmatic
documents such as Instructions on further promoting pricing mechanism
reform, Instructions on improving socialism market economic system have been
published. According to general guideline of “control the midstream and open
up the upstream and downstream”, pricing mechanism reform for electricity,
oil, natural gas and heating is carried forward steadily. More attentions are paid
to the price affordability of people in difficulties and special organizations.
Cross subsidies are steadily reduced. A market pricing mechanism is gradually
formed, which aids the expansion of market participants’ spectrum and

encouraging market competition. Pricing mechanism is gradually shifting
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towards the direction of reasonably reflecting scarcity of the energy, and
external cost including impact to the environment and climate. By introducing
differential electricity and gas price and other differential policies and measures,
the supply-side structural reform and air pollution prevention and control is
effectively pushed forward.

Degree of openness for competitive segments is rising gradually.
A market pricing mechanism is preliminarily formed. The electricity
department is steadily deregulating planning of power generation and
utilization. Direct dealing between scalable consumer and power supplier
is encouraged. A market dealing approach dominated by middle and long-
term transaction is preliminarily formed. Improvement of project tendering
mechanism for renewable sector is persistently made. Convergence towards
accessing to the grid with comparable/ bidding price is ongoing. Oil and gas
prices are linked to international market price. Dealing price is determined
with reference to international market price. Wholesale and retail fuel prices
remain under government guidance. However, market pricing process is aided
by the price-cap policy. City-gate prices is primarily determined by transaction
negotiation. Residential and industrial gas prices are converting to unified
management. Direct supply gas, fertilizer gas, underground gas storage prices
are deregulated. Meanwhile, natural gas trading centers in Shanghai and

Chongqing have made valuable tryout on domestic oil and gas trading.

(3® Reform of “Delegation, Regulation and Service” for the Energy
Industry Has Made Positive Progress and Regulatory Mechanism
and Legal System Construction Are Moving forward

Reform of “Delegation, Regulation and Service” for the energy
industry is moving forward orderly. Government regulatory capability
is strongly improved. Over 70% of the previous government approval items

are removed or delegated to lower level. CBM mineral rights permission, as
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well as construction approval for oil refinery, LNG terminal and gas station
are delegated to provincial or municipal levels. Power business licensing
formalities “completed within one application”. Separation of permits from
business license” has been fully adopted in the Free Trade Zone. Index ranking
of “Access to Electricity” is going up to 12. Energy regulation is further
improved. Innovative energy regulatory policies which emphasis subsequent
monitor as well as licensing authority delegation to lower level governments
have been successively introduced. The policies define key tasks, standards,
procedures and measures of regulation during and post operation. Regulatory
system of credit supervision, “Internet plus supervision”, “Random object,
random inspector and result publication” which have been carried out on over
85% of the regulation items is further improved.

Construction of energy legislation is steadily promoted. Capability
of regulating by law is enhanced. The Energy Law (draft) is under public
consultation. The Coal Law and The Electricity Law have finished revision.
Revision of the Law on Protection of Oil and Gas Pipelines is started. The
State Council published Instructions on harmonious and stable development
of the gas industry, Multi-ministries jointly released Instructions on prompting
healthy development of non-hydro renewable power generation, which provide
effective support for sustainable development of clean energy. Policies like
Regulatory measures for fair and open use of oil and gas pipelines have
been introduced, which improves regulatory mechanisms for power grid and
oil and gas pipelines. Capability of regulating by law is further enhanced.
Inspection for enforcement of the Renewable Law is conducted. Population
of industrial laws is carried out into further depth. Monitor, coordinate and
social involvement systems are established and improved. Projects approval,
fund using and decision-making process of administrative punishment items

are further regulated. Administrative review and litigation flows are further
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smoothed.

(5) International Energy Cooperation Is Carried forward and
Security for National Energy Safety Is markedly Enhanced

@ Deeper Involvement in Global Energy Governance and
International Energy Cooperation of Multilateral and Bilateral Is
Carried forward

China has actively facilitating progress of global energy governance.
Voice on international energy affairs has been enlarged. China has
participated in formulation of more than 30 multilateral cooperation
mechanisms. Close cooperation is exerted with multilateral organizations like
International Energy Agency (IEA), International Energy Forum (IEF) and
International Energy Charter (IEC). China has become an allied country within
IEA. G20 Working Group meeting on Energy Transition, and meeting of energy
ministers are successfully held in China. We have also promoted foundation of
Shanghai Cooperation Organization energy club. Other important international
events, like China-Russia Energy Business Forum, APEC Energy Ministers
Meeting, International Forum on Energy Transition are successfully held. We
have also actively participated in organization and management of International
Gas Union (IGU). Also, we have participated important international
multilateral meetings annually, such as the World Economic Forum, Berlin
Energy Transition Dialogue, World Energy Conference, Asian Energy ministers
Roundtable Meeting, International Renewable Energy Conference, “Association
of Southeast Asian Nations Plus three”, which is also known as East Asia
Summit Meeting of Energy Ministers, BRICS Energy Ministers Meeting, etc.

Bilateral cooperation is broadly taken. We have actively participated
in the construction of a more orderly and more inclusive world energy

governance system. More than 50 cooperating mechanisms have been set up.
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Dialogue mechanism between China and EU, China-EU energy cooperation
platform and high-level dialogue mechanism between China and OPEC
have been created. China-Pakistan Economic Corridor Energy Working
Group Meeting, China-Switzerland and China-Sweden Energy Working
Group Meetings are held regularly. Bilateral energy cooperation is constantly
promoted. Overseas energy supply is actively managed. Cooperation on nuclear
with UK, Turkey, Bulgaria and Argentina is pragmatically prompted. Energy
cooperation with Saudi Arabia is under negotiation. Progress on cooperation
has been made with China-Pakistan Economic Corridor, the UAE, Brazil, Iraq,

Myanmar, etc.

©) High-level Openness Pattern Is Emerging and Diversity of
Energy Import Sources Is gradually Improving

High-level free investment policies support is introduced, which
promotes fairness and attractiveness of investment environment. During
the “13™ Five-Year Plan” period political and economic environment is
becoming more complicating. China is determined to push forward opening-
up and support globalization and free trade, and keeps opening up to the
world. A series of policies regarding the foreign investment access system is
revised, leading the open-up converted from the type of commodity and factor
flow towards systematic open-up. Laws of foreign capital management are
revised since 2016. “Three laws on foreign investment” and articles regarding
investment approval in “The law of Taiwan compatriots’ investment protection”
are deleted. An administration model centered on Negative List is promoted
nationwide. Foreign Investment Law is published in 2019, which clearly shows
that a management system based on Pre-establishment National Treatment
and Negative List is fully implemented. Foreign Investment Law is officially
coming into force in 2020. Special Management (Negative List) for Foreign

Investment revised in 2017 loose up restrictions of access in the energy sector,
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in which the stipulation of “foreign investment in oil and gas exploration and
development has to be conducted through incorporated or unincorporated joint
venture” is removed.

Diversity of energy import sources is improving constantly. Security
of energy supply continues to be enhanced under the background of
further open-up. Policies of energy import insist on the principle of multi-
sources, onshore and offshore and balanced development. During the “13™
Five-Year Plan” the Northwest, Northeast, Southwest and Marine Oil and Gas
Passages are further developed. A pattern of inland import interacts with import
by sea. Import from the east combined with west is gradually formed. At the
year end of 2019, the north section of the East China-Russia pipeline is put into
operation, which strongly supports gas supply to the Northeastern, North and
even Eastern China. This marked the completion of establishment of the four
energy import passages. Meanwhile, the first stage China-US trading agreement
has reached a draft accord. Energy trading, including LNG will further increase

the degree of diversification of gas import.

3 International Energy Cooperation Is Making Progress and
Consultation, Contribution and Shared Benefits Principle Is Promoted
in “Belt and Road” Countries

Four energy cooperation centers are built through strengthened
cooperation between China and countries in Arab League, Association
of Southeast Asian Nations (ASEAN), Africa and Central and Eastern
Europe. Agreement of Establishing China-Arab Clean Energy Training Center
is signed between China and the Arab League. China-Arab Clean Energy
Training Center is jointly established in Beijing, where trainings of solar,
photo-thermal, wind and smart power grids are held. China and ASEAN have
built a neighborly cooperation and interaction mechanism, and have potential to

be expected in cooperation in the area of clean energy trading and investment.
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A Memorandum of Understanding of strengthening the cooperation between
China and Africa is signed. In the spirit of “Belt and Road Initiative”, flagship
projects of “Jointly promote the infrastructure development plan in Africa”
(PIDA) and Agenda 2063 have made positive achievements. China has realized
power grid interconnection and cross-border electricity trading with neighbor
countries of Russia, Mongolia, Myanmar, etc. Four parties in three countries of
China, Laos and Vietnam have signed MOU regarding ultra-high voltage power
transmission. China has realized oil and gas pipelines interconnection with
Russia, Turkmenistan, Kazakhstan, Uzbekistan and Myanmar.

Energy cooperation with “Belt and Road” countries is expanded.
Partner relationship of energy cooperation is built. For the past 7 years
since the “Belt and Road” Initiative proposed, over 40 multilateral and bilateral
cooperation mechanisms are established, and over 100 energy cooperation
agreements are signed. Cooperation within key areas continues to develop.
Overseas oil and gas cooperation are expanding. Nuclear cooperation projects,
as a rising force, strongly facilitate connectivity of policy, infrastructure, trade,
finance and people to people. Five major oil and gas cooperation zones are
established. Construction of multiple hydropower stations, thermal power
stations, nuclear power stations and power grids in countries within these zones
are undertaken by Chinese companies, which leads “going out” of Chinese
equipment, technology, technical standards and service. The relative low-
cost renewable technologies, products, equipment and service are provided to
international market, which effectively promote the global energy transition and

green development of countries along “Belt and Road”.
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2. Opportunities and Challenges of China
Energy Revolution

The global political and economic landscape has been profoundly
adjusted since the COVID-19 crisis. The green recovery is being driven,
which will accelerate the pace of green energy development. Staring from the
“14" Five-Year Plan”, a new pattern facilitated by domestic and international
double circulation development, will be set out by China with the goal of
carbon neutral achievement. It makes the green energy transition particularly
urgent. China energy revolution faces both enormous challenges and significant
opportunities due to the mutation of domestic and foreign surrounding. New
patterns of energy consumption and industrial types are emerging , pushing
forward the revolution in energy consumption. However , the overall growth
of energy demand is slowing, and it is becoming more difficult and uncertain
to further promote energy conservation and emissions reduction. Development
of energy transported across regions and high-quality energy are expected
to increase, bringing more opportunities to promote the revolution in energy
supply. But the pressure on energy supply security is increasing, as well as
interregional energy transport and synergy between supply and demand are
facing greater challenges. Nonetheless, the deep integration between new
energy and ICT technologies brings breakthrough opportunities for energy
technology revolution. There is still a gap between energy technology and
the requirements of green development, while key technologies are facing
key constraints factors. By modernizing the country’s governance system and
capacity, together with pushing for deeper reforms will strengthen internal
impetus to the revolution of energy system. The reform has entered a deep-

water zone with the large market reform resistance. However, the greening of
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energy sector is accelerated after the epidemic, which offers broad prospects
for China to enhance international energy cooperation in green. In contrast, the
risk of post-COVID-19 instability has intensified, while difficulties remain in

international energy cooperation.

(1) The Energy Consumption Revolution Faces the
Opportunity and Challenge to Keep Up Energy Conservation
and Emission Reduction

(D The Consumption Way to Meet Energy Demand Is Being
Innovated and Large-scale Application of Efficient and Green Energy
Is Expected to Be Promising in the Future

The integration of energy utilization and modern information
technology is accelerating, and the innovation of energy consumption
pattern is expected to create huge demand. The collision and fusion between
new generation of information and energy technologies will promote the
rapid development of a green energy network. Smart energy network as the
distribution platform, e-commerce as the trading platform, energy storage
facilities, Internet of Things and smart energy facilities, together with services
of carbon emission trade, Internet finance and other derivatives are combined
into one. It will greatly break through the spatial limits of access to energy
products and services, make the radical change possible for ecological carrier
in the energy consumption system, and promote the emergence of new energy
consumption pattern. Green power, refined oil, natural gas, thermal energy and
other products along with customized services through point-to-point trade,
real-time delivery and payments online will also promote the new energy
supply and demand ecosystem, and continue to create green energy mix.
Meanwhile, there is plenty of room to energy conservation by optimizing the

system to improve energy efficiency substantially.



25" ( Progress Report of China Energy Revolution (2020)

New patterns of green energy utilization will be widely applied,
while the upgrading of energy consumption by the whole society may
greatly expand the space for energy utilization. It will take measures in
line with local conditions and actively promote the “coal to electricity, coal to
gas heating reform” policy. “Coal to electricity” or “coal to gas” is gradually
spread in the suburbs and rural areas beyond the thermal network coverage.
Breakthroughs in clean utilization of coal, improved fuel economy of motor
vehicles, and ultra-low emission of coal-fired power generating units will be
accelerated. Circular economy, gas fired boilers and electric kilns are gradual
popularized in the industrial field. In transport sector, new energy vehicles,
electrified railways, green and smart transportation are emerging. In addition,
green buildings, building photovoltaic integration, smart city and modular
energy internet system with multi-energy complementary are spring up one
by one in the buildings’ field. Hence the transition and upgrading of energy

consumption in the whole society can be expected.

@ The Growth of Energy Demand Is Shifting from Industry to
Buildings and Transport, with more Complex Load Characteristics
and Diversified Regional Distribution

Since the reform and opening up, the industrial sector has been
the main force of China’s energy consumption for a long time. As the
industrialization entered middle and late stage while the economy moving
to high quality development, remarkable changes are taking place in terms
of the final energy consumption. In recent years, the industrial sector has
conscientiously implemented the policy of giving priority to economy, actively
promoted the high-quality development of manufacturing, and improved the
overall energy efficiency. The industry system are transiting to a green and low-
carbon cycle, in order to achieve a steady decline of the final energy demand

in the share of the industrial sector, but rises continuously in the buildings and
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transport. Beyond that, the structure of energy consumption was improved.
The main increase on final energy consumption is gradually shifting from
industry to buildings and transport. On the contrary, the latter ones are more
diverse with more decentralized and flexible load characteristics. Higher energy
quality, transport and distribution, and timely connection between time and
space are required, making it increasingly difficult to efficiently meet the needs
of diversified energy demand.

In the future, acceleration of urbanization and population attracted
by more central cities, will increase the demand for energy and significant
complexity. According to the experience of developed countries, when
the urbanization rate accounts for 30%-70%, it can be identified as rapid
urbanization developing period. In 2019, the proportion of permanent urban
residents in China reached 60.6%, and the urbanization pace will continue
to rise rapidly in the next 5-10 years. With the improvement of the spatial
pattern of economic and social development, continuous progress has been
made in a new type of urbanization, labor transfer and equal access to basic
public services, and it will vigorously promote inclusive development. When
the population and economy concentrate in the eastern coastal areas, they
are expected to gradually converge to regional central cities. It might bring
increasingly final energy needs, and make the regional distribution of demand more
extensive. Moreover, the multi-tiered, multi-agent, diversified energy demand as
well as the need for universal access to clean, low-carbon, safe and efficient
energy services for all will be fulfilled. That makes regional energy distribution
diversified, and energy demand more diverse and increasingly sophisticated.

That adds a source of uncertainty for the trend of final energy demand.

(3@ The Consumption Culture of Energy Conservation Has yet to
Be Formed, and Effective Incentives Are still Some Way Off

The buildings and transport have gradually become major terminal
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consumption, and diversifying energy use has yet to be formed a
consumption culture to meet reasonable demands. As per capita living
standards rise, the share of energy consumption in the buildings and transport
improve sustainably. A large number of heating, electrical appliances, cooking,
air conditioning and other energy-using services in residential life, public
facilities and commercial buildings, mainly used the electricity, natural gas
and coal. Passenger transportation and e-commerce hasten rapid expansion of
trucks, railway, aviation and marine, on which mainly consuming refined oil,
electricity and natural gas. The major consumption are fragmented, with diverse
demand to energy patterns and consumers. The use of energy in accordance
with reasonable needs will depend more on consumers’ own conservation
consciousness. Nonetheless, the social and cultural surrounding that supports
rational energy consumption and restrains unreasonable way has not yet taken
shape.

At present, although residents and others have a certain sense of
energy conservation, the social publicity and education around energy
conservation and emission reduction still needs to be strengthened.
Some consumers take the initiative to buy energy efficient products and set
appropriate indoor heating or cooling temperature, but there is still a large
gap to standardize the energy-using behavior for all the ones. Phenomenon
of lighting and household appliances waste, frequent opening or always on
standby of water heaters, discarding food and packaging and preference
for medium - or large-capacity private cars still exist. On the whole, the
consumption consciousness of a green alternative is still vague, and people
has not yet formed a systematic habit of saving. The energy-efficient standards
of products and services related to the living areas of residents have been
gradually improved, but the publicity and education that are widely and
deeply rooted in the whole society still need to be strengthened. It is difficult
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to promote the formation of energy conserving awareness and habits among
individuals, families, schools, communities and offices, as well as a consumption

and cultural atmosphere that is “Honored to conserve, shame to waste”.

(2) To Promote the Revolution of Energy Supply Are Faced with
the Opportunity and Challenge of acceleratingly Greening Energy Mix

@ The New Strategy of Coordinated Regional Development
Promotes the Green Transition on Energy Supply, Which Is Expected
to Arouse the Ulterior Potential of Green Energy Development

China conducts regional distribution to follow the regional
development strategy. There are potential opportunities for green energy
transition in key regions. In recent years, the Chinese government has
successively introduced national development strategies at the Beijing-Tianjin-
Hebei Region, the Yangtze River Economic Belt, the Guangdong-Hong Kong-
Macao Greater Bay Area, the Yangtze River Delta integration, the ecological
environment protection with high-quality development in the Yellow River
Basin, together with the construction of the Xiongan New Area and the Hainan
Pilot Free Trade Zone. A new layout for regional development strategy has
been constituted. The new strategy to coordinate regions development calls
for paying high attention to regional ecological civilization construction and
green transition. Regional capacity of green energy supply will be vigorously
promoted, to further optimize energy mix. Among them, relative enrichment
area, such as Southwest China, Northeast China and The Yellow River Basin,
are likely to improve the integration matching degree of regional economic
development, industrial development and energy exploitation. In contrast, the
capacity of clean energy supply is expected to be strengthened in the Beijing-
Tianjin-Hebei region, the Yangtze River Delta, Guangdong-Hong Kong-Macao

region and other economically developed regions, where key projects that
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“localized supply” will orderly be deployed.

Speeding up the construction of regional central cities and city
clusters has brought unique opportunities for the efficient and intelligent
development of urban regional energy systems. The construction of city
clusters in the Guangdong-Hong Kong-Macao Greater Bay Area, The Beijing-
Tianjin-Hebei Region, the Yangtze River Delta, Chengdu-Chongqing Region,
the middle Reaches of the Yangtze River, and the Central Plains is expected
to accelerate. These urban agglomerations and central cities include a large
number of residential districts, commercial districts, industrial districts, public
facilities and service areas, with quite distinct energy load characteristics and
various demands. According to high quality development requirements, a clean,
low-carbon, smart and efficient urban regional energy system needs to be built.
Specifically speaking, it takes steps to construct urban energy cell body with
standard functions, with economic energy supply as the goal to confirm the
minimum scale and service radius. The system should ensure the optimization
of self-balance of energy supply and use in each urban functional area. After
that, relying on Internet technology, urban energy cells will be integrated to
form new urban energy supply system and pattern, green, intelligent, efficient
and safe. The construction of regional central city clusters in China will also

bring great potential to construct new urban energy supply system.

(@ The Energy Supply Is still Dominated by Fossil Fuels, while
Developing Green Energy still Faces Many Difficulties to Accelerate

Fossil fuels are always playing a dominant role in energy supply,
hard to dissolve overcapacity completely. In 2019, fossil fuels accounted
for 81.2% of primary energy production, which was 8.4 percentage points
down since 2010. Despite the decline, the fossil fuel industry has been plagued
by overcapacity in recent years, with rising supply and nearly no change in

dominance. Although cut the coal capacity totaled by 920 million tons from
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2016 to 2019, it still has about 5 billion tons per year of total coal production
capacity up to now, about 1 billion tons per year more than the annual
production capacity to satisfy the needs effectively. Installed coal-fired power
generating capacity has exceeded 1 billion kilowatts, but the average annual
utilization hours are only about 4,300 hours, which are still gaps between the
economic operation requirements of coal-fired power generation unit of 5,000-
5,500 hours. Oil refining and petrochemical capacity has exceeded 900 million
tons per year, while large and super-large projects are still rolled out, with the
pressure of overcapacity getting more severe.

There are still some barriers on non-fossil fuels, and distributed
energy system is also facing the problem of sustainable development. At
present, the development of non-fossil fuel is generally smooth, but there are
still many obstacles. The problem of “Abandoning water, wind and light”
has been improved but not enough, and the development of hydroelectric
and nuclear is not as good as expected. Hydroelectric development will be
restricted more seriously by resettlement, ecological and environmental
protection. The economic efficiency of power generation technology will be
challenged. And most of the good economic and technological conditions of
hydropower has been developed, the future development space is limited.
Because of relatively high cost on the new units of advanced nuclear power, as
well as the public acceptance on account of safety, nuclear is becoming rougher
to keep steady development. As fiscal subsidies decline, wind and photovoltaic
power generation industry are into the parity era as a whole, and the cost
on high proportion of grid connection of distributed energy is constantly
enhanced. Therefore, there is increasing pressure to be forced to accelerate the
breakthrough of key technologies, further reduce the cost, improve investment
and financing channels, adjust the electricity price mechanism and solve the

problem of grid-connected consumption through multiple channels. Ill-defined
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peak load regulation mechanism, together with lacking of flexible power supply
and unreasonable layout, make the drawback becoming more prominent.
Regions distribution have been unable to keep up with requirements of high-

quality energy development.

(3 The Imbalance between Regional Energy and Economic
Development Remains Acute and the Construction of Energy
Transport Corridors, Peak-shifting Reserves and other Infrastructure
Is under Increasing Pressure

The energy development in source-rich areas cannot match with
the promotion of high-quality economic development. The energy and
economy in developed areas cannot blossom in tandem for a long time.
The spatial distribution of China’s energy resource is not balanced. Source
endowment with reverse distribution of energy supply and demand has not
yet been coordinated with the requirements of high-quality national economic
development. In some regions, traditionally rich in fossil fuel, the way of
energy utilization is still extensive. In some source-rich provinces in Northwest
China, North China and Northeast China, the capacity for energy conservation,
emission reduction and technological innovation remains quite low. There is no
fundamental change in these areas, where presents a traditional development
mode mainly relying on high-pollution and energy-consuming industries to
drive economic growth.Although the southwest region is rich in hydroelectric,
natural gas and other sources, it has not formed the strengths of industrial
clusters in the upstream, midstream and downstream of green energy. In the
eastern and central provinces with more developed economy, energy supply
mainly depends on external input. In particular, the balance between supply
and demand of natural gas and non-fossil fuels remains tense for some time,
and the long-term contradiction that is incompatible with the level of economic

development has yet to be resolved.
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Construction of energy transport corridors relatively lags behind,
and the capacity of emergency peak-regulating reserve is insufficient. The
demand scale of “From the West to the East, the North to the South” continues
to increase. In addition, on account of the “Auto transported coal” restrictions
issued by a number of provinces, existing cross-regional railway transport
pressure will increase significantly in specific time. Layout of crude oil
pipelines is basically completed, but regional pathway of pipelines for refined
oil product transmission and distribution are still inadequate. Furthermore, the
overall density of natural gas pipelines is inferior, and the connectivity on key
regions is an open question. As the Yangtze River Delta and other regions are
increasing uniformly configured, there is a large-scale rapid development of
renewables, electricity generation. However, centralized power supply cannot
be matched well with distributed energy stations in regions. The contradiction
starts to appear, stressfully on the overall security of the grid power generation.
The energy emergency reserve system is behind schedule. Oil reserves have not
yet reached the 90-day “baseline” recommended by the International Energy
Agency. Respectively, with the minimum goal of 10%, 5% and 3 days share
of annual gas supply, the capacity of gas storage and peak regulation have not
yet been accomplished by supply or fuel enterprises and local governments.
The peak load regulating capacity of power system is difficult to adapt to the
requirement of large-scale grid-connected renewable energy consumption. The

overall security problem of the power grid has yet to be solved.

(3) To Push forward the Revolution of Energy Technology,
We Are Faced with the Challenge and Opportunity to Overcome
Core Technologies jointly by Multi-party

@ The Integration of the 5th Generation Mobile Communications
(5G) and other Modern Technologies into the Field of Energy
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Technology Is Accelerating and Breakthroughs in Core Technology
and Key Equipment May Promote the Upgrading of Related Industries

The core technology system of 5G are facing to break through. In
the future, the key energy information equipment market may have
great development potential. 5G provides wide connection, high bandwidth
and low delay information service on the basis of traditional connection, and
adapts to various complex and abundant industrial application scenarios. It
promotes the intelligent transformation for the full industry chain, including
energy exploration, exploitation, transmission and distribution, processing and
utilization. New forms of business, such as 5G Shared Base Station Solutions,
smart grid inspection Al solution and transformer terminals based on open
edge computing architecture, are likely to be achieved. With deep R&D of 5G
core technologies and key equipment, as well as the gradual construction of
5G international standards and ecosystem, each step of the energy production,
transmission and utilization will be further optimized. It may accelerate
the digital transformation of the energy industry, change the way of energy
producing and marketing, improve the efficiency gains and management level,
and also create the added value of products in equipment manufacturing. The
revenue of key energy information equipment manufacturing is likely to be
higher than that of R&D and marketing services. More capital is attracted
into the advanced energy equipment industry, and its future market share are
expected to be greatly expanded.

Integrated energy solutions continue to be introduced, thus future
energy development might be reshaped by new technologies and major
equipment innovations. A new round of energy and industrial revolution,
represented by new energy technologies, is on the rise. New technologies, tools,
equipment and comprehensive energy solutions are constantly being launched,

showing great development potential in different application scenarios.
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Comprehensive energy solutions focus on smart energy production, storage,
transition and distribution, consumption, and intelligent management and
services. Existing technical barriers are attempted to break down, and a package
of efficient coordinating response solutions are provided to terminal users.
Among them, new disruptive technologies might be emerging in the fields of oil
and gas, energy storage, advanced nuclear, new energy technologies, together
with new power to build cars, charging piles and chips. They are expected to
reshape the patterns of production, consumption and management of the energy
system and lay a technological foundation for the further advancement of

China’s energy revolution.

(@ There s still a Gap on Overall Green Energy Technology
between China and the World-class Level and Innovation and
Development Are Faced with Constraints of Key Technologies

The technical innovation pace of international green energy
development is accelerating, while China’s energy technologies in
supporting green transition still have a way to go. International green
energy technology innovation has entered a highly active stage. New
energy technologies with greening as the main direction are iterating at an
unprecedented speed. Major economies regard green energy technology
innovation as a breakthrough point for a new round of scientific and
technological, together with energy industry revolution. Also, it has become
an important direction for green recovery after COVID-19. Technologies
on unconventional oil and gas exploration and development in the United
States took the lead in making breakthroughs, after that shale oil and gas have
become a major source for increasing reserves and increasing production.
Carbon capture use and storage (CCUS), which is expected to become one of
the key technologies to deal with climate change, has been highly valued by

developed countries. The United States, Japan and other countries have stepped
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up efforts on research and development. In comparison, there is still a huge
gap between China and the world powers in energy science and technology,
especially in the respects of the key technologies of deep shale gas exploitation,
large-scale interconnection of high proportion renewables and greenhouse gas
emission reduction. These key technologies are waiting for a comprehensive
breakthrough. For example, CCUS technology can produce certain
economic benefits by recycling carbon dioxide, which has the significance of
popularization and application. However, due to the limitation of cost, there are
still some problems to be solved for commercialization in China.

Key technologies restrict the transition and upgrading of the green
energy industry, and it is still difficult to make major breakthroughs
in independent innovation. In China, the comprehensive utilization of
technologies and industries, such as electric vehicles, power batteries, shale oil
and gas, hydrogen, energy storage and nuclear, has huge development potential.
However, key technologies, the equipment and materials are all dependent on
import at varying degrees, which impose restrictions on massive progress of
the industry. Key technologies in deep shale oil and gas, deep-water oil and gas
exploration and development, and heavy-duty gas turbine have been mainly
introduced, digested and absorbed chronically. Serious bottlenecks still exist in
key material of fuel cells, diaphragm of lithium batteries, sealing key equipment
and other techniques. Limited by the deficiencies in basic theory, material
production, precise instruments, high-end equipment manufacturing, scientific
research system and other aspects, even though China has been working
on these technologies for years, it is hard to make whole breakthroughs by
relying on independent innovation in the short term. Furthermore, the mode of
introduction then digestion, absorption and innovation on technologies abroad
are faced with many challenges. New adjustment of international political

relations, intensive intellectual property rights protection, export restrictions
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on key technologies, and poor commercial cooperation are all playing a part in
this area. Key technology is still an important factor to effect China’s energy

technology revolution sustained for a long time.

@ Multi-energy Integration and Interconnection Are Faced with
Breakthroughs in Core Technology Thinking and Investment Gains of
New Energy Technology Industries Remain to Be Improved

It’s hard to break through the traditional technology thinking of
energy industry development. Effective elimination of barriers between
different energy sectors is hard. Under the traditional development model,
the energy sector has been divided into relatively independent subsystem and
technology system with coal, oil, natural gas, renewables and other sectors
as the core. Take coal-electricity/thermal supply system for example, after
long-term construction, these centralized “point-line” supply and corollary
equipment systems continuously strengthen the rigid connection between
upstream and downstream internally and are relatively independent externally,
thus forming an “energy shaft” over time. It is often set an extremely high
percentage reserve for the “shaft” systems, with little choice for the downstream
users. In the end, it leads a low overall efficiency of the system, making the
bottom-up technology and innovation of business model little progress. Beyond
that, the “energy shaft” also becomes a huge obstacle to the industrial transition
and upgrading and adjustment of energy mix. Traditional ways of dividing the
blocks of planned economy have been seriously unsuitable for the “integrated
landscape, water, fire and storage” multi-energy complementary energy
system, that cause channels of technical transformation, communication and
cooperation to be impeded. However, the solidification effect of a large number
of traditional energy systems will continue to exist.

For traditional state-owned energy enterprise, the technology

innovation investment may be inefficient. It is difficult to get economic,
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environmental and social profits from spreading and applying new energy
technologies. In China, the overall level of energy science and technology
cannot entirely meet the requirements of green energy industry transition and
upgrading. The energy industry chain, value chain and technology system are
not highly integrated and coordinated, which seriously restricts researching,
developing and iteration of new energy technologies. Science and technology
R&D investment from traditional state-owned enterprise energy is very large,
but only research results can be assessed without thinking about the effect of
promotion and application. That the economic benefit is not obvious. Through
technological upgrading and rebuilding of China’s coal-fired power unit in
service, ultra-supercritical and other advanced power generation technologies
are widely used in newly built large units, with an efficiency improvement.
Ultra-low emission technologies for coal power generation, together with
thermal combined electricity generation have become more popular. The
superposition of pollutant emissions from large-scale units in the region results
in excessive coal power pollution and total carbon emissions. The benefits
between environmental governance and carbon neutral investment are not
obvious. Renewable energy technologies such as photovoltaic, wind power and
biomass energy have “dual benefits” of environmental pollution control and
greenhouse gas emission reduction, but the external environmental benefits

have not yet been fully internalized.

(4) To Promote the Revolution of the Energy System, We
Are Faced with the Opportunities and Challenges to Deepen the
Reforms on Electricity Power, Oil and Gas Systems

(@ Modernization of the Governance System and Governance
Capacity in Construction will Promote a Revolution in the Energy
System, and Offer Opportunities to basically Form the Pattern of
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“Control the Midstream and Open Up the Upstream and Downstream”

Continuous progress in construction of modernization of China’s
governance system and capacity construction has continued, while theories
for comprehensively deepening the revolution in the energy system have
become more abundant. Major decisions and plans were set out to uphold
and improve the socialist system with Chinese characteristics and promote
the modernization of governance system and capabilities. Also, China has
met a historic opportunity of further deepening the structural reform of the
energy sector. Several Opinions on Pushing Forward the Reform of Price
Mechanism issued in 2015 clearly stated that “we will push forward pricing
reforms in water, oil, natural gas, electric power, transportation and other
fields, liberalize prices in competitive links, and give full play to the role of
the market in determining prices”. In 2020, as Building a More Perfect System
and Mechanism of Market-based Allocation of Factors and Accelerating the
Improvement of Socialist Market Economic System in the New Era issued
by China, we will further strengthen guidance on market-based allocation
of factors of production and the construction of major market economic
systems in society. It points out the direction for the modernization of the
energy governance system and capacities, and provides a scientific guide for
the continued revolution of the energy system. The pattern of “control the
midstream and open up the upstream and downstream” is driven forcefully to
be created.

The endogenous demand for energy system revolution is gradually
increasing, and a modernized energy governance and regulation system
is expected to be established. The revolution in the energy system will
modernize the energy governance system and capacities, accelerate the
transformation of government functions, stimulate the endogenous demand

of the revolution, and shift the energy regulation mode based on planning and
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administration. The government should be combined organically with the
market, by playing a decisive role on source allocation. Energy regulation will
be put on a more prominent position. Focusing on strengthening weak links in
regulation, playing the role of new technologies as “Internet Plus”, Big Data,
along with taking new ways to make the results of supervision known to the
public, will promote innovation in ways and means of energy regulation. The
establishment of mechanisms has been accelerated, while energy governance
efficiency continuously improved. Moreover, the coordination and coherence
of laws and regulations at all levels and departments have been strengthened,
as the system of energy laws and regulations are likely to be further improved.
The process of legislative amendment keeps to accelerate. Substantive
breakthroughs may be made in the reforms of key areas and links, and the
completion of the “multiple pillars”-the latest theoretical achievements of the

energy governance system are expected to be quickly completed.

@ Relatively, the Reform to Set Apart Transition from Distribution
of Grid Power Generation Lags behind seriously, while Electric Power
System Struggles in the Deep Water Zone

There is great resistance to the incremental distribution grid reform.
Policies about competitive electricity sales are difficult to be implemented
effectively. Since November 2016, nearly 500 incremental power distribution
business reform pilot projects have been approved by the state in five batches,
but no more than 10% of them have been built and actually operated. Some
enterprise projects have been cancelled due to failure to meet the approval
requirements. In projects under construction or in operation, the proportion of
grid power generation enterprises holding or joint venture accounts for more
than 80% share, but the participating degree of social capital is low. Pushing
forward the incremental distribution network pilot project connected to the grid,

power sale companies, customer service and other links faced with a variety
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of practical obstacles, basically in the state of stagnation or loss. At present,
in the part of competitive power sale, the grid power generation enterprises in
most areas of the country have established wholly-owned competitive power
sale companies. But the asymmetric competition and contradiction between
these companies and the ones with social capital are common. As grid power
generation enterprises simultaneously include power transition, distribution
and sales, the power sale companies may have related transactions with
other sectors of grid power generation enterprises. To be in the advantageous
position, it would affect the fair competition in the power sale-side market.

The construction of electric power spot market lags behind. The
independence of trade institutions has obvious deficiencies. The spot market
of electric power undertakes the function of discovering electric power price
signals. By discovering complete electric power price signals, market players
can be guided to carry out the medium-term and long-term trades of electric
power, transmitting right and electricity futures. At present, Guangdong,
Zhejiang, Sichuan and other provinces have issued pilot programs or carried
out pilot power spot market construction to establish an active, secure and
open power spot market. However, the construction target and development
path of power spot market are not clear. Provincial power spot market is
easy to form inter-provincial barriers, which is not conducive to the optimal
allocation of resources in a wider range. At present, all the established power
trade institutions are wholly sole proprietorship or holding by the grid power
generation enterprises. Functions on the market trade committee are unclear
or the role has not been given due play. Furthermore, the experience of pilot
reform of power spot market in a few regions is not reproducible, and difficult

to popularize.

3 The Operation Mechanism of China Oil & Gas Pipeline
Network Has yet to Be Established and a Modern Oil and Gas Market
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System Is quite Difficult to Construct

The difficulty of large-scale and efficient construction of pipeline
network is increasing. A big problem for overall scheduling and management
of pipelines and other infrastructure remains to be solved. The newly
established China Oil & Gas Pipeline Network Corporation are faced with
many problems carried from the past, so it is difficult to achieve efficient
source allocation in a short time. The pressure load of the pipeline is relatively
serious, as well as the damage caused by the third party is critical. Enormous
transmission and distribution links, large cost, hard to recover investment
for transmission and distribution enterprises exist. In the process of pipeline
constructing, conflicts with urban and rural planning, ecological environment
conservation and other sensitive aspects occurs from time to time. Construction
of pipelines and storage facilities has become more difficult and it remains
to be seen whether large-scale pipe networks and other infrastructure can be
promoted in an efficient way. The operation and dispatching mechanism of
oil and gas pipeline network needs to be further improved, the division of
oil and gas guarantee and supply responsibility needs to be clarified, and the
relationship with provincial pipeline network companies still needs to be sorted
out and integrated. There is contradiction between the integration of pipeline
network transportation and marketing beyond the province, as well as too
many intermediate links in transmission and distribution. Also, the pricing and
supervising mechanism of pipeline transportation fee needs to be improved
urgently. There is still a lot of controversy about whether the gas operation
license of urban gas pipeline is franchised. The separation reform of urban gas
pipeline transportation business and sales business needs to be strengthened.
In China, the spatial-temporal dislocation between wants and needs has greatly
increased the complexity of oil and gas transmission, distribution and supply

guarantees, so it should be enhanced for large-scale scheduling and management.
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It is extremely hard to construct a unified open market system in
the short and medium term, and the trade center are waiting to play its
role effectively. In the next decade or so, oil and gas exploration and mining
rights will be mainly controlled by major oil companies. The mining right
transformation market needs to be established, while withdrawal of mining
right needs to be strengthened urgently. In addition, the production technology
service market to be improved, and the construction of the downstream
market system to be strengthened. Cultivation of market entities, optimization
of market structure, exploration of market trade patterns and others should
also be firmly implemented. Afterwards, there are more need to be done,
including of the construction of regional spot markets and the future markets
of refined oil and natural gas. The oil and gas trade center is still at early stage
of development, and the supporting mechanism such as trade service has not
been perfected. The market environment of full competition has not yet been
created, with few participants and inactive transactions. There is a phenomenon
of “offline negotiation, online only for formalities”. The product design of
the trade center is not abundant enough, and the pipeline and storage capacity
have not been included into the product design category. Hence various trade

demands of the market cannot be fully meet.

(5) To Promote International Energy Cooperation Faces the
Opportunity and Challenge of the Profound Adjustment of World
Energy Pattern

(@D Tackling Climate Change Can Promote Global Energy
Transition and Further Cooperation in Green Energy between China
and other Countries Are Expected to Be Strengthened

Tackling climate change has become an important driving force

for green energy transition, so the global energy green transition may
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accelerate forward. COVID-19 crisis in 2020 delayed international climate
change negotiations, but consensus on a green recovery is emerging among
major economies. At present, countries are struggling to keep the epidemic
under control and economic recovery, which causes great uncertainty in the
global green transition. In the medium to long term, global action on tackling
climate change will continue to advance under the guidance of the UN
2030 Agenda for Sustainable Development. Green transition still represents
the general trend and will be accelerated, which brings great potential for
international energy cooperation. In the active support and guidance of
governments around the world, the development of green energy can become
an important focal point for global economic recovery. The European Union is
firmly leading a way on global climate change, further cementing its “2050 net
zero emissions” target, offering to do the best to “avoid past mistakes”—the
stimulus package led to a rapid recovery in greenhouse gas emissions— and
making each effort to promote green economic recovery.

China is always committed to optimizing the energy industrial
structure and production layout, while green industries may become the
most important part of Sino-foreign cooperation. During the “14™ Five-Year
Plan” period, China will maintain the strategic focus on ecological progress and
set green development goals. The energy industrial structure and production
layout will be further optimized, with the peaking of CO, by 2030 as the guide
to promoted green energy transition. Meanwhile, China will actively promote
the green development of “Belt and Road” and global supply chain, strengthen
international cooperation in green industries, and strive to achieve green
prosperity in the whole world, especially in regions. The green science and
technology innovation will be taken as the driving wheel, green development
and consumption as the wings, and the construction of clean and low-carbon,

smart and efficient energy systems in key regions as the carrier, in order to
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promote a green energy production and consumption system that adapts to
high-quality development. In China, the policy plan, advanced technology
research and development, equipment manufacturing capacity building and
market experience in promoting clean energy may have overflow effect—it
will not only produce the expected effect, but also have an impact on people or
society outside the organization. It is expected to effectively boost international

cooperation on green and low-carbon energy.

@ The COVID-19 Caused a Global Economic Recession and
a Restructuring of the International Energy Landscape and Intensive
Risk of Instability in the Global Energy Market Caused more
Problems to Energy Cooperation

COVID-19 has exacerbated contradictions in the global energy
market and activated a profound readjustment in the international
energy landscape. In 2020, COVID-19 has plunged the world into the worst
economic recession since the “Great Depression” of the 1930s, exacerbating
the weakness of world oil demand growth. The oil price with the steepest
decline in history and a wide range of shocks, endangered the energy, economic
and financial security of many countries. The “shale revolution” has released to
a great extent of the potential on oil and gas exploitation in the United States.
In recent years, the dominance of the United States in the international oil
market has been significantly enhanced and its energy independence strategy
has been basically realized. The United States has become one of the major
crude oil producers, becoming an important new variable for the world wants
and needs imbalance. On the global oil supply-side pattern, Saudi Arabia,
Russia and the United States are the “three pillars”. Succeeded in achieving an
“OPEC+” agreement to cut oil production without committing itself to a cut, its
influence in the new energy geopolitics will move forward a further step in the

future. The world economic growth forecast is uncertain, and the global energy
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market environment is unstable. In this context, the pattern of the international
energy is undergoing profound adjustment, which poses great challenges to
international energy cooperation. The stability of cooperation is what China has
always struggled to find.

A new type of competition and cooperation among major powers
in the field of global energy is being deeply reconstructed, results in
difficulties in the future for effective global energy governance. In
recent years, traditional security issues on geostrategy, superpower games
and armament race have increasingly become significant in global affairs
and international relations. The “super non-traditional security” puzzle on
COVID-19 has added up to a dramatically increase of uncertainties about
development of international relations. The epidemic has accelerated the
realignment of major international forces, making global energy governance
more complicated politically. Efforts to facilitate investment and trade in
the energy sector have been affected by anti-globalization, and investment
reviews based on national security objectives and discretionary powers have
been strengthened to varying degrees. Here come unprecedented challenges in
balancing the interests between producers and consumers, ensuring the security
of the energy system, keeping uninterrupted flow of energy, maintaining the
stability of the global energy market, and driving the sustainable and green
recovery of the global economy. China is not only an important role in the
new type of competitive and cooperative relations between major powers, but
also undertaking the heavy task of consolidating and improving bilateral and
multilateral energy cooperation mechanisms, and actively participating in the
reform process of international institutions. Nevertheless, for China, there is
still a large gap to participate in actual requirements in the approach, resource,
experience and talent reserve. To effectively promote and lead the reform of

the global energy governance system to truly acquire breakthroughs in global
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energy governance system, it still has a long way to go.

3 The Policy of Energy Institution-based Opening-up Has yet
to Be Put into Practice and Multiple Pressures on the Normalization
of Epidemic Prevention and Control, along with Economy High-
quality Development, Have Raised the Bar of High-level Opening-up

Access conditions for foreign investment have been greatly relaxed
in China. But changing from commodities and factors flow to rules,
measures and other institutional openness is still an arduous task. We
continue to improve the legalization, internationalization and facilitation and
sound business environment for foreign investment in China these years.
However, compared with other industries, the progress and degree of opening
the energy sector are still relatively slow, and the actual results are not as
good as expected. In the coming decade, the development of new energy
technologies in the world and the pace of transformation are accelerating.
Whether China can ensure energy security under the conditions of opening-
up and lead a new round of green energy development lies in systematically
upgrading laws, regulations, related to reform and opening up. In the energy
sector, can we adjust the innovation policy, industrial policy and trade policy in
the energy field and guide the change of international rules in participating in
global energy governance? An institutional system that is open both internally
and externally needs to be built and improved, based on the energy industrial
negative list, to realize both active opening-up and effective supervision. It is
also necessary to establish a modern energy regulatory system that adapts to the
pattern of high-level opening-up.

Multiple pressures, including the normalization of epidemic
prevention and control in China along with economy high-
quality development, have made it more difficult to open up the energy

sector as a high level. As the energy sector becomes more open, there are
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huge challenges in balancing development and security, enhancing local
competitiveness, regulatory capacity and risk prevention capability. Facing
the multiple pressures of normalizing epidemic prevention and control and
high-quality economic development in China, achieving high-level energy
openness is going to be insanely hard. On the one hand, the impact of the
epidemic on the world economy will weaken the expectation of future energy
demand, significantly reduce investment activities of energy enterprises. They
will be more cautious in transnational energy investment decisions.In addition,
the world economy will strive to achieve green recovery, caused traditional
fossil energy investment greatly affected, and this has virtually raised the
threshold of global energy cooperation. On the other hand, quarantine measures
for epidemic prevention and control has affected the regular production
activities and impeded normal international communications. The prevention
and control of COVID-19 in countries around the world has become long-term
and regular. Energy enterprises and institutions should take epidemic factors
into consideration when conducting transnational and trans-regional business

activities to reduce the intensity of association.
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3. China Energy Revolution Outlook for the
Next Decade (2021-2030)®

China energy revolution is continuously deepened. A new chapter is
opened for a high-quality development of the energy industry. Meanwhile, as
the biggest energy consumer and producer in the world, China is taking effort
in facilitating global energy green development. Looking ahead, China’s energy
consumption is continually upgrading. A new energy consumption pattern is
gradually forming. Structure of the energy mix and sources is more reasonable.
Peak-regulating reserve capacity is improving. Smart energy production
system is gradually built. More independent innovations emerge, which leads
the industrial transformation and upgrade. Systematic reform is going further.
We are trying to restore the commodity attribute of energy. A fair, open, and
orderly competitive market system is going to be built. International energy
cooperation will be based on the principle of joint contribution, consultation
and sharing benefits. Cooperation will be further expended. Global energy
governance system is expected to be more reasonable. China will secure its

national energy safety under an opened-up environment.

@ Data from 2020 to 2030 on China's energy and others are based on the prediction results of the
economy-energy-environment system analysis model, made by Institute for Resources and Environmental
Policies, Development Research Center of the State Council. Relevant analysis results of China Electricity
Council, China Coal Industry Association and other institutions, are also synthesized. The forecast model
is built on the basis of computable general equilibrium (CGE) model, about national and provincial energy
supply and demand balance together with carbon dioxide and the discharge of major pollutants prediction.
According to the future economic development goal of high-quality and international experience and so
on, it is used to measure indispensable energy demand, carbon dioxide and the main pollutant emissions
of China.
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(1) China Will Continue to Promote Energy Consumption
Revolution and End-use Energy Demand Is Expected to Increase
moderately, with Efficiency to Be Improved steadily, and New
Integrated Consumption Pattern Is Going to Emerge

@ Increase of China’s Energy Consumption Is Expected to
Slow down continuously until 2030 and Green House Gas Emission
Will hopefully to Peak by 2030

A new development pattern of “Dual circulation” and a green energy
system are to be orderly pushed forward, with the aim of reaching peak
energy consumption by 2030, and realization of carbon neutral by 2060.
There is an urgent need to promote China’s economic revolution from both
sides of supply and demand. From the demand side, domestic demand drive
needs to be enhanced, and from the supply side, weakness and shortages need
to be improved. Potential structural changes from supply and demand side will
facilitate renewal of relationship between energy and economy developments
over the course of the “14" Five-Year Plan”. In that case, energy production
and consumption will open a new chapter. By comprehensive estimation,
overall trend will remain unchanged where energy consumption will increase
slowly for a period of time. During the “14" Five-Year Plan” period, increase
of primary energy consumption will fall slightly, with annual increase rate to
be 2.5%. Average energy elasticity coefficient is roughly 0.43. By 2025, total
energy consumption surpasses 5.5 billion tons standard coal with great effort
to be taken, clean energy like non-fossil and natural gas will take a share of
more than 30%. Oil demand is around 700 million tons, the share of which is
18%, share of coal falls below 50%. Energy quality is constantly increased. It
is expected that by 2025, total society end-use energy demand will be around

4.5 billion tons standard coal. Total electricity consumption will be 9 trillion
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kilowatt-hours, with average annual increase rate of 3.5% over the course
of the “14" Five-Year Plan”. Electrification of end-use energy will increase
2 percentage points than 2020. Energy efficiency will be steadily increased.
Energy used per unit of GDP falls 13% relative to 2020.

Development direction towards clean and low-carbon, smart and
efficient, economic and safe is becoming clearer after 2025. Green House
Gas emission will peak by then too. It is expected that increase rate of
primary energy demand will slow down to roughly 1%. Energy consumption
will not surpass 6 billion tons standard coal by 2030. Energy mix transition
route of “less coal, more gas, oil stable and non-fossil development accelerates”
is becoming clearer. Share of coal will decrease to 40%. Total share of gas
and non-fossil will increase to 40% or above. Carbon dioxide emission peaks
during 2025-2030. End-use energy consumption is expected to be around 4.6
billion tons standard coal, among which consumption by industry and transport
is expected to peak in 2030. Building consumption, including commercial and
residential, is still going up.

@ Upgrade of Energy Consumption Continues and New
Integrated Consumption Pattern Is Expected to Become more Mature

With transition of energy system towards Energy-Internet goes on,
industrial and transport energy consumption pattern will convert from
traditional single service type to multi service type. The industry sector
is expected to break the energy “shaft”. Comprehensive energy service is
demanded which could flexibly satisfy various market entities in the entire
industrial complex. High-efficient mode of electrification, cascade energy
utilization and recycling will be formed. Consumption by transport will strive
to become electrified, network-connected, intelligent, sharing and green.

Integration will be carried on. Electric car, hydrogen energy will be put into
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broader utilization. Energy management from the demand side and market
of demand response is starting to be formed. Construction of energy service
market of peak load regulation, frequency modulation, voltage regulation,
standby, surplus energy for sale is accelerated in order to meet disperse,
punctiform and diversified consumer needs. Virtual economy is incorporated
with real economy. A commercial model which uses the energy service network
to discover and create higher added value is popularized. A more fair, efficient,
sustainable, safer and human-oriented energy consumption pattern is going to
be steadily built.

An “Electricity-gas-heat-cooling-water integrated” building energy
service market is orderly constructed. A tailor-made energy consumption
service model is gradually becoming mature. A new consumption pattern
with size effect is emerging, which gathers and integrates various energy
consumers and energy products and services by market forces. Integrated end-
use energy service business with interaction between supply and demand is
expanding. Transition towards comprehensive service from punctiform service.
The integrated service is expected to include segments of consulting, planning,
engineering and construction, maintenance and end-use service. Trans-sector
integrated development and innovative general contracting form will be created
which provides overall solutions. End-user infrastructure and integrated supply
infrastructure will share coordinated planning and construction. Synergized
energy sources supply and cascade utilization will be promoted, which satisfy
the need of consumers for electricity, heat, cooling and gas. Complementary
use of various energy sources will be realized, which provides diversified and

flexible choices for consumers and meets energy demands comprehensively.

(® Consumers Will Convert to Producing-consumers gradually
and Consumers’ Right of Choice Will Be Given Back
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Energy consumers are starting to convert. Producing-consumer is
gradually participating in market activities. In traditional energy system
dominated by fossil-fuels, producing, processing, storage, transport and
consuming segments are distinctively separated. Consumer, as the end-user in
the energy system, only played a single and unchanged part. With successive
emergence of micro-energy system like distributed solar and wind power
generation and micro-grid, more and more enterprises, public buildings and
households, who use to be energy consumers is hopefully to become producing-
consumers. Energy consumers could generate and reserve their own power,
and might sell the excess power in electricity or comprehensive energy service
market to other users, during which process producing, sale and consuming is
integrated.

Energy market will become more developed, with consumer converted
from energy taker to chooser. During the process of electricity and oil and gas
system reform, consumers’ awareness of choosing the energy type independently
is gradually aroused. The relationship starts to transit towards a two-way
selection one from the original one-way supply-demand one. Smart terminal
facilities like intelligent meter is broadly used, by which consumers could
understand their own energy consumption, share of consumption contributed
by off-grid distributed power generation and charge and discharge condition of
self-owned energy storage devices, and adjust consumption according to the
conditions and market signals. With the maturity of peak regulation service
like distributed energy storage, electric car and response from the demand side,
consumers will realize identity switching, and reversely provide power to the
system, which could be seen as auxiliary service provided to the power grid for
peak regulation, and gradually become the active regulating force in the energy

system.
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(2) Energy Revolution Is Going to Be further Promoted and
Green Energy Development Will Open a New Chapter, and a
Multi-drive Energy Supply System Is gradually Forming

@ Energy Mix Is Going to Be Improved and Green Energy
Development Will Be Given Prioritization

Structural reform of the supply side will continue to be promoted.
Share of clean and low-carbon green energy will be further increased in
the energy mix. Energy supply is expected to be steadily increased. By 2030,
total domestic primary energy supply is expected to be controlled within 5
billion tons standard coal. Share of supply of gas and non-fossil energy is
hopefully to be increased to 45% or above. Oil and gas exploration will be
further strengthened. By 2030, domestic annual oil production will be above
200 million tons. Domestic annual natural gas production is expected to be
around 2.8 trillion cubic meters. Scalable hydro-power plants and small hydro
power station modification will be promoted as a whole. Coastal nuclear
projects are going to be developed efficiently and safely. Small nuclear reactor
will be comprehensively utilized. Layout of wind power generation will be
adjusted and improved. Both onshore and offshore wind power projects will be
under developed. Solar power projects will be under diversified development.
By 2030, the entire installed wind and solar power capacity will reach 1,000
gigawatts. De-carbonization of coal-fired units and phase-out of outdated units
will be promoted. Efficiency of coal-fired units will be substantially increased.
Ultra-low carbon emission transformation of coal-fired power plants will be
completely finished, with ultra-low carbon emission coal-fired units taking
100% share. The emission standard is at advanced world level.

Improving and adjusting energy mix considering resource endowment

and high-quality development of the economy. The main target of Eastern,
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South and Central China is to secure supply of oil and gas, renewable and
nuclear power. Development of distributed-energy resources will be given
priority. While local resource is fully absorbed, excess green energy generated
from other regions will be actively absorbed. The main target of Northwest
and North China is to secure supply of fossil fuels and renewable. Sizable
comprehensive energy complex which could secure the balance between supply
and demand will be constructed. The main target of the North China is to secure
supply of natural gas and renewable, as well as phase out the outdated coal
capacity. The main target of the Southwest China is to secure the supply of gas
and hydro-power. Construction of gas production base of trillions of capacities
in Sichuan Basin, and Jinshajiang hydro-power plant will be actively promoted.
Construction of alternative replacement production area in offshore region is
accelerating. Comprehensive development and utilization of offshore oil and
gas resources are steadily promoted. Layout of the refining industry continues
to be improved. Resolving the problem of high-dependency on external supply
of the Central and Southwest China will be given priority. Hydrogen will be

developed in areas where preconditions are met.

@ Constructions of Infrastructures of Energy Transport and
Distribution Network Will Be Strengthened and Increase of Peak
Regulation Storage Capacity Is Emphasized

Construction of peak regulation storage capacity will be strengthened.
Security of energy supply safety will be increased. Construction of oil
storage system is accelerating. Diversified oil storage manner will be promoted.
We should increase oil storage seizing the opportunity of international oil
price trough. By 2030 the scale of storage will be increased to 90 days above.
Construction of gas storage will be strengthened. Construction of LNG
infrastructures and infrastructures of peak regulation gas storage in coastal

areas will be accelerated. Multi-level peak regulation gas storage system will be
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established. By 2030, gas storage capacity for peak regulation will be expected
to reach 65 billion cubic meters, which occupies more than 12% of total gas
consumption. Constructions of high-quality peak regulation power sources like
main-reservoir hydropower stations, large scale pumped-storage power station,
natural gas peak regulation power stations and electrochemistry power storage
facilities are strengthened. Peak regulation flexibility transformations of co-
generation power units and coal-fired power generation units are strengthened.
By 2030, installed capacity of pumped-storage power station will approach
around 140 gigawatts. Regional storage and merchantable coal emergency
response capability will be enhanced. We are trying to reach a capacity of more
than 15% of the annual coal consumption.

Establishment of energy passages will be promoted orderly. Resources
allocation capacity will be substantially enhanced. Rail routes for coal
transportation will be improved. Coastal supporting ports and wharfs will be
constructed. Inland waterways will be improved. Cross-region coal transport
capability will be enhanced. Annual railroad coal transport capacity is expected
to reach 3.5 billion tons by 2030. Construction of cross-province oil and gas
trunk lines and connectivity of regional pipeline will be strengthened. Intercity
product lines construction will be accelerating. By 2030, total distance of crude
and product pipelines is expected to be around 40,000 and 50,000 kilometres
respectively. Total distance of natural gas pipelines will reach around 18,000
kilometres. Transport capacity of trunk lines will be over 5 trillion cubic
meters. Meanwhile, flexible gas supply methods like LNG tank container
multimodal transport, intermodal transportation and point to point supply will
be promoted. Regional and provincial major grids will be further improved.
The focus is to increase efficiency. Cross-province power transport capacity is
expected to reach 500 gigawatts by 2030. Rural power grids will be fully and

completely reformed and upgraded. Construction of power grids in remote and
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poverty regions will be accelerating, which aims to facilitate the service quality

of power supply for rural areas.

® Integration and Improvement of Energy Supply Will Be Made and
Establishment of a Smart Energy Production System with Diversified
Energy Sources Complementary Function Will Be Accelerating

Deep integration of energy production and information technology
will be promoted. Intelligent development within energy production area
will be accelerating. Broadly utilization of 5G and artificial intelligence
technologies in energy production system will be promoted. The degree of
intelligence of energy production system will be increased. By 2030, smart coal
mining will be applied in main producing areas domestically. Material progress
will be made with respect of “5G plus smart mine” construction. Intelligent
oil and gas field construction will be promoted. Digitalized transformation
and intelligent development will make great breakthrough. Digital oil and gas
field construction will be completed by numerous oil producing enterprises.
Digitalization coverage for producing oil and gas wells and plants and stations
will reach 100%. Smart power plants construction will make substantial
progress. Share of smart power plants of major power generation enterprises
will be more than 60%. Widespread use of distributed power generation
unites, like wind, solar and micro gas turbine will be promoted. Extensive
application of new type small and micro energy power generation units will be
further promoted. Green energy utilization is expected to realize to the utmost
level. Gas distributed power generation will be developed vigorously. Deep
integration and development of new energies like power generation by gas,
wind, solar and biomass will be promoted.

Layout of network with synergized energy sources will be
accelerating. Smart energy scheduling system construction will be

vigorously promoted. By 2030, business environment of the electricity
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market is strived to reach top level in the world. Construction of intelligent oil
and gas pipelines and smart power grids will make significant achievements.
Construction of intelligent pipelines will be complete. Oil and gas resource
scheduling will realize intellectualization and automation. Smart power grid
will act as a pivot, which could facilitate realization of connectivity with
multi type pipeline network like oil and gas pipelines and heat pipelines,
coordination with energy storage units and power stations like chemical energy
and compressed air storage units, demand response like charging orderly and
V2G to new transport vehicles like electric cars and hydrogen fuel-cell cars,
business model innovation cooperating with entities like virtual power plant
and energy companies. Comprehensive energy system and Energy allocation
improvement platform will be formed. Supplies of multiple energy forms will
realize synergy and inter-transformation. Coordinated operation of centralized
and distributed power source supplies will be achieved. Construction of smart
energy scheduling system will be explored and promoted, which could integrate
multiple energy sources like oil, coal, natural gas and power in the region and

realize smart scheduling among them.

(3) Energy Revolution Will Be Promoted and Technology
Innovation and Breakthrough Is Opening a New Chapter, and
Key Equipment and Core Technology Is Expected to Realize
Autonomous gradually

@ Major Scientific and Technological Projects Applications Will
Be Given Strong Support and Promotion of Autonomous Design and
Manufacture of Key Technology and Equipment Is Accelerating

Adjustment and improvement will be made to the nation’s innovation
system. Technical breakthrough with respect to key technologies are

trying to be realized by the opportunity of developing major scientific and
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technological projects. By scientific planning, gathering forces, improving
mechanisms, collaborative researching, and by developing national key
research and major innovation projects which focus on most important
contents within green energy strategy, we will strive to increase comprehensive
competitiveness of the green energy technology and the industry. Promotion
of China’s National Science and Technology Major Projects will go further.
New major scientific and technological projects will be initiated. Based on the
principle of “Launch once matured”, various projects are initiated in batches
orderly. We are going to continue putting emphasis on “Core, High-end,
Basic”-Core Electronic Devices, High-end Generic Chips and Basic Software-
as well as other key technologies like power battery technology, key materials
of fuel cell, offshore wind power, hydrogen production from renewable energy,
and precise reconstruction of oil and gas reservoir. Feasibility of global public
tendering for research and development projects of generic key technologies
will be discussed, and the results could be published to all industrial enterprises,
in order to stimulate the market vitality, and facilitate state owned, private and
foreign enterprises jointly promoting technology breakthroughs.

Localization of research and development of core technologies and
autonomous manufacture of key equipment is strived to be realized.
Domestic energy technology promotion list is planned to be published.
Alternative solution for risks caused by core technology is planning to be
improved. Research and development of alternative solution for risks caused
by core technology will be sponsored risk fund jointly established by central
and regional government, finance institute, state owned enterprises and societal
capital. Application of scientific and technological achievements will be
accelerating. Numerous energy scientific and technological special projects
are expected to be set up. Technology innovation could be promoted based

on categorization of “Application and Promotion, Model Trial, and Research
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Focus”, hoping to resolve the problem of break and block points within the
scientific and technical industrial chain. Domestic manufacture of core technical
equipment will be promoted, which aims to transform technical advantages
into industrial advantages. In areas where preconditions are met, advanced
energy technology catalogue or list will be published and recommended, with
government and state-owned companies’ procurement giving equal treatment to
imported technologies and equipment, and new technologies and equipment on
the list. Promotion of localized and autonomous manufacture of technologies
and equipment such as power battery system, power and electronics core
equipment, heavy duty gas turbine, energy storage system, deep water oil and
gas exploration and production platform will be accelerating, which might lead

to broader utilization of domestic energy technologies.

(@ Advanced Chinese Applicable Standard Will Be Promoted
and Establishment of a New Generation of Energy Technical
Standard System Is Accelerating

Long term mechanism with the aim of resolving major issues
of standardization is planning to be established. Technical standard
within key areas and advantages in international competition will make
significant progress. Synergy mechanism coordinating scientific research
and technological development, standard setting and industrial synergy will
be further improved. Organizing and working mechanism of Standardization
will be further innovated. We will encourage International Standardization
Organization to set up a branch within China. Challenges like construction
of key technical standard system, development of core standard and whole
value chain standardization performance improvement is determined to be
tackled. Crucial core standard is planned to be published and implemented.
Incorporation of major research achievements into national standardization

project will be promoted. International communication and cooperation
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regarding standardization will be broadly carried forward. International
standard cultivation trial will be implemented. Improvement of international
competition advantages within green energy key technical area is expected to
make substantial progress.

Development of core technical standard for emerging key
technologies is mainly focused on. Trial application of the standard is
accelerating. Layout of green energy core technology standardization is going
to be strengthened, with focus on energy interconnection standard system, new
energy transportation standard system, flexible direct current transmission and
distribution standardization, LNG tank multimodal transport and integrated
energy services and storage standardization. Hopefully it could expedite the
achievements of numerous major scientific breakthroughs and core technical
standardization. Trial application of technical standardization will be promoted.
Trial application of standardization within the area of energy internet equipment
and LNG tank “one tank to the end” will be established. Loop iteration of
technical standardization system will be promoted, improved and developed.
Standardization and Technology achievements which could be replicated
and promoted are expected to be formed, which could lay the foundation for

fostering international competitive advantages.

® Innovation of Energy Technology, Business Model and
Operation Format Will Be Carried on and Energy Technology and
Relative Industries Will Be Fostered to Lead the Industrial Upgrading
and Growth

Business model of energy Technology will be innovated. Inner
innovation forces of micro markets are expected to be motivated. With
development of energy trading platform, energy free trade is able to be
implemented. New business models like virtual energy currency is planned to

be promoted. Multiple entities in or out of the province will be encouraged to
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participate energy product trading. Development of mid to long term energy
trading, time-of-use trading and ancillary service transactions will be pushed
forward. Research and development of key technologies like multi-source data
integration and value exploring will be carried forward, which aims to construct
service and industrial systems of energy monitoring, regulation and scheduling.
Energy technology innovation mechanism dominated by enterprises will be
established and improved. Innovative service system for business incubation for
small to medium sized enterprises in energy area will be improved. Enterprises’
internal driving force of innovation will be motivated. An array of leading
enterprises with international competitiveness for technology innovation will be
fostered. Energy technology innovation assessing and incenting mechanism for
state owned enterprise will be improved. The weight of innovation incentive in
the operational assessment will be increased. Multi-level talent projects will be
pushed forward deeper. With orientation of “high level, top-notch, cutting-edge
and urgently needed”, a high-level innovative scientific and technical talent
group of China will be created. Research team and echelon will be formed. In
order to raise innovation and entrepreneurial enthusiasm of core researchers,
mechanism allowing them to take equity shares is introduced.

Construction of energy trading platform is encouraged. Multiple
business models will facilitate the construction of new energy eco-system.
Construction of an open and sharing eco-system in developed area based on
characters of local energy producing, storage and marketing is encouraged.
Taking “Comprehensive energy operation service in the complex” as an
example, once comprehensive energy operation service platform is built,
it could gather and integrate data from internal and external energy system
network, support comprehensive energy operation service provided by multiple
market entities, and realize energy synergy management, new energy and stored

energy brought-in, demand-side response, flexible trade of multi-type energies
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energy internet data sharing. Another example is “industrial big data application
comprehensive model”, in which power generation, allocation, distribution and
utilization will form smart interconnection and closed-loop linked operation.
Smart energy industrial integrated application platform will be constructed
on the basis of enterprises big data. Comprehensive data application model
covering multiple areas will be explored. Involving numerous business models,
an open and sharing energy eco-system will be more dynamic. The traditional
organization and allocation approach of the energy system will be altered more
deeply. Energy technology and relative industries will be the new driver for

industry upgrade.

(4) Energy System Revolution Will Be Pushed forward and
Price Reform Will Enter into Deepening Area, and Modernization
of Energy Regulating System Will Be Promoted and fundamentally
Realized

@ A Modern Energy Market System will Be Created and
Nationwide Power and Oil and Gas Spot and forward Trading
Platform Construction Is Accelerating

Separation of natural monopolistic and competitive businesses is
accelerating. A national energy market system that is fair, open and
effectively competitive is planned to be constructed. The government will
support and encourage more societal capital entering into the power industry,
and continue the reform of incremental distribution business and electricity
selling, with measures such as electricity consumption plan being developed
orderly and more rapidly, and trading institutions independent and standardized
operation being promoted. Establishment of power system operating mechanism
with independent scheduling and power trading will be explored, which

will realize effective separation of transmission and distribution businesses
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and assets. Power grids main business and auxiliary services separation will
be implemented more deeply. Rules and mechanisms for renewables and
distributed energy system to be connected to the power grid is planned to be
established and improved. For resources like oil and gas, and coal, tendering for
exploration and development will be completely implemented. Mineral rights
will be acquired for value. Exit and transfer mechanism for mineral rights will
continue to be strengthened. Oil and gas pipeline operation mechanism will be
established and constantly improved. Operation of China Oil & Gas Pipeline
Network Corporation will be carried forward steadily. Complete separation
of transport and marketing for oil and gas pipelines will be accelerating. Fair
Openness of oil and gas pipeline infrastructures will be realized.

Energy circulating market will be improved. A nationwide trading
system of carbon emission rights for electricity, oil, natural gas, gas
and carbon dioxide will be established orderly. The main focus is on
development of electricity main and auxiliary service market. Electricity spot
trading platform construction will be accelerating. Mechanisms and Rules
of cross-regional electricity trading will be discussed and improved. Mineral
rights for oil, natural gas and coal trading market will be promoted. Oil products,
natural gas forward trading platform is planned to be established. Nationwide and
regional oil and gas spot market will be built up steadily, and the operation will
gradually be in line with international practice, which will be more attractive to
more domestic and foreign investors. An oil and gas trading market with certain
degree of international influence will be built. Research of establishing energy
market and finance system inclusive of option and bilateral contracts, and mid

to long term trading and spot trading is planned to be initiated.

@ Pricing Mechanism of Energy Market Is Expected to Be
Improved and Guiding Function of Fiscal and Tax Policies for High-
quality Development of Energy Industry Will Be Strengthened
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Pricing controls will be fully liberalized for competitive segments. A
pricing mechanism dominated by market force will be formed. Government
pricing will be mainly limited to public service sector and network natural
monopoly sector. Pricing for natural monopoly sector will be checked and
determined scientifically. Examination and supervision mechanism for transport
and distribution cost of power grid and oil and gas pipeline will be improved
based on the principle of “approved cost, plus reasonable profit”. Electricity
pricing mechanism will be further improved. Independent and incentive pricing
system of power transmission and distribution based on performance will be
established. Market mechanism for time-of-use pricing will be established and
improved. Competitive segment of oil products and natural gas pricing will
be liberalized completely. Relying on oil and gas trading center, pricing will
be determined be bilateral negotiation or market competition. Energy cross
subsidy will be gradually removed. Unification of residential electricity and gas
prices and non-residential prices will be promoted more vigorously. Assistance
mechanism for impoverished people and targeted subsidies for certain public
service sectors will be set up and improved.

Guiding function of fiscal and tax policies for energy industry will be
fully performed. Energy taxation which could reflect resource orientation
and eco-environment benefit will be built and improved. Fiscal and taxation
reform will be deepened, aiming to realize the integration of “domestic and
international sources and markets” for regional energy supply, combination of
“distant supply” with “domestic supply” and incorporation of centralized and
distributed power supply. Energy taxation will be deepened, with environmental
protection taxation being improved. Fiscal and taxation preferential policies
with clear expectations will be constructed systemically. Broad application of
unconventional oil and gas exploration and development technologies will be

promoted. Special subsidy policies for deep water oil and gas, unconventional
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oil and gas exploration and exploitation, and the research and development of
core technologies and equipment will be set up. Commercialization of core
technologies and key equipment of hydrogen energy, micro nuclear heating and

mining and rotary steering drilling will be promoted and accelerated.

(3 Construction of Energy Legal and Regulating System Will Be
Strengthened and Highly Efficient Energy Regulation System Will Be
Built

Reform of “Delegation, Regulation and Service” will continue to
go further, aiming to create a high-efficiency energy management and
regulation system. Administrative approval process will continue to be
improved. Approval process will be standardized and simplified. Administrative
approvals will continue to be removed, or delegated to lower level government.
Effective energy regulation system should be built. Reform of “Separating
administration and regulation” will be promoted. An independent, unified and
professional regulation organization will be explored to establish. Regulation
measures will be innovated. Regulation with basic instrument of “Random
object, random inspector and result publication” monitoring, based on credit-
regulation, and complemented by giving special notice to major projects and
entities will be improved. Construction of big data platform which could realize
monitoring with “internet plus” technologies will be accelerating. Measures
like punishment recording and media’s supervision will also be used in order to
enhance the authority and effectiveness of regulation. Measures like planning,
policies and standardization will be jointly used to manage the development of
the industry. Based on the demand of green energy industrial development and
scientific and technical innovation, the consistency, uniformity, practicability
and authority of national, regional and special energy planning will be
strengthened. Policy system of green energy development will be established

and improved.
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Construction of energy legal system is steadily pushed forward. A
modernized energy legal system is planned to be built. Revision of the
Energy Law will be accelerating. Energy Regulation Rules will be discussed
and made, which would set up or improve regulations, provisions, measures
and approaches regarding energy industry regulation. With respect to Rules
on External Cooperation for Onshore Oil Exploitation, Rules on External
Cooperation for Ocean Oil Exploitation and Natural Gas Scheduling
Rules, next step task is to introduce feasible and practicable detail rules for
implementation. Policies for opening up sectors of oil and gas exploration,
development, storage and transportation to domestic and foreign entities will
be implemented. Laws on production and consumption, technical specification
and standard system and the relative policy orientation of green energy
will be gradually established and improved. Standard for renewable energy

technologies and equipment will be set up and revised at an accelerating pace.

(5) International Energy Cooperation Will Be Pushed forward
and with International Energy Governance Entering into a More
Diversified Phase, Comprehensive Energy Cooperation Will
Continue to Be Deepened

@ We Will Participate in International Energy Governance
and International Climate Governance more deeply, and Facilitate
the Formation of International Energy Cooperation That Is more
Pragmatic and Diversified

Comprehensive international energy cooperation will be enhanced,
which could facilitate the establishment of a community with a shared
future for the mankind. With a sense of historical responsibility of a major
country and the great trust for securing China’s high-quality development, we

will further promote comprehensive international energy cooperation. Based
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on the principle of building a global community of shared future, the principle
of different model for different countries, the principle of enterprise-led, being
aligned to international practice, and the principle of mutually beneficial, and
giving priority to efficiency, China will take energy cooperation as an entry
point to build new type of mutually beneficial international partnership, and
provide China solution for building a lasting peaceful, commonly secured,
commonly prosperous, open and inclusive and clean and beautiful world. We
have recently stated that China will increase national independent contribution,
taking more powerful policies and measures, to let carbon dioxide emission
peak by 2030, and try to achieve carbon neutral by 2060.

Global energy and climate governance will become more ever-
changing in the post-pandemic world. China will pay more attention on
enhancing the capability of participating in global energy and climate
governance. COVID-19 has substantially changed main topics of Global
affairs and international relationships. Multiple countries are under great
pressure to balance current economy growth and the goals of employment
with long term green development vision. However, most of the developed
countries have basically reached consensus on green economic recovery. For
the long term, green development is more likely to be the keynote and engines
for global economy development. The world is going through challenging
period of “Great changes in centuries” and “Pandemic in centuries”. During
this period, China’s energy revolution will facilitate various countries realizing
green economic recovery and tackling climate change. China is willing to
participate in the adjustment of global energy and climate governance in the
post-pandemic world. We are going to smooth the communication channels
on multiple governmental and societal levels, and promote forming of a more

reasonable and fair global energy and climate governance system.

(@ Comprehensive Open-up of the Energy Area Will Be Promoted
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and Emphasis Will Be Put on the Realization of a Higher-level Systematic
Openness

Openness of the energy sector will be more comprehensive and
systematic. Emphasis will be put on deepening systematic openness.
With the basis of gradual removal of foreign access limit, we will continue to
promote comprehensive and high-level open-up of the energy sector, and try
to create systematic and comprehensive new situation for energy cooperation.
A Higher-level systematic openness of the energy sector is planned to be
realized. Focuses of open-up will convert from segments of productive factors
and capital access, to the whole operation segments. Taken the urban gas and
thermal network system as an example, when the access limit for construction
and operation is removed, governance capability will be greatly enhanced, with
regulation becoming more efficient gradually. Share of foreign investment in
China’s energy industry is planned to be expanded. “Breaking” and “Making”
will promoted simultaneously, in order to construct a set of market access rules
and relative policies that are clear, transparent and open, which will be adjusted
and improved during practice. International experience will be referenced, to
further improve foreign investment dispute settlement mechanism. Foreign
capital regulation system will be changed. A national security inspection system
for foreign investments will be built.

The external and regional open-up policies will achieve convergence
gradually, with differentials for different regions. In recent years, China’s
government has introduced a serious of major regional development strategies
and regional open-up policies. Multiple regions will take advantages of
policies like pilot free trade zones and key development and open pilot areas
along the border to promote and realize regional energy high-level openness
and high-quality development. For example, eastern coastal region has raised

the proposal of whole value chain development of the oil and gas sector within
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its free trade zone. Government of Guangdong-Hong Kong-Macao Greater Bay
Area are actively trying to create Shenzhen Natural Gas Trading Center, taking
advantage of its highly developed financial industry. The western region are
taking advantages of its geographical location neighboring to Central Asia oil
and gas hosting countries to accelerate the construction of international oil and
gas transport passages and diversified cooperation platform. Energy open-up is

hopefully to present manifold new regional patterns.

©) Cooperation with “Belt and Road” Countries in the Area of
New Energy and Oil and Gas Will Be further Strengthened and New
Achievements of Energy International Cooperation Will Be Given
more Attention

While interconnection of energy infrastructures is realized, a good
foundation is formed for further strengthen the cooperation in new
energy and oil and gas sectors. Interconnection of energy infrastructures will
provide good foundation for the future. Cooperation spectrum is continuously
expanded, cooperation quality is continuously enhanced, cooperation model
is continuously innovated. International cooperation will convert from the
current situation where fossil is taking a dominant position, to a new pattern
where the new energy sector, like hydro, wind, solar, nuclear and hydrogen are
all playing much important roles. The cooperation will also convert towards
a higher level where export of “four in one”-energy equipment, technology,
standard and service-will gradually take a lead position, from the current
situation where the cooperation is dominant by products export. Meanwhile
with regard to traditional oil and gas sector, we will meet the challenges of
international market investment and cooperation environment together with
“Belt and Road” countries. Major flagship cooperating projects will be carried

forward steadily. International cooperation within high value-added refining



PERSREaHRIRS (2020)

sector, cooperation of deep water oil and gas exploration and development, and
unconventional oil and gas will be further strengthened.

Regional cooperation will be based on projection of future global and
regional political and economic patterns. We will try to make achievements
of regional energy international cooperation. International relations and
orders will undergo profound changes in the post-pandemic world. Regional
economic and energy cooperation is hopefully becoming more important.
China will adjust top-level design relative to energy international cooperation,
and improve strategic planning and goal setting. Regional foreign cooperation
strategy in the new era will be implemented. Multi-dimensional cooperation
with neighboring countries will be strengthened. Over the course of the “14"
Five-Year Plan” period, a new cooperation pattern of “1+2+3”, where “1”
represents the one pillar of energy international cooperation, “2” represents
two wings of interconnection of infrastructure construction and trade and
investment liberalization that could facilitate cooperation, and “3” represents
three potential breakthroughs in the area of new energy, oil and gas, and electric
car- is expected to be formed. Construction of cooperation community of
energy international cooperation will be promoted gradually, aiming to secure

national energy safety under the condition of opening-up.
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Concluding Remarks

In the year of 2020, COVID-19 has made great impact and challenges
to China’s energy revolution and green transition. However, political
determination, basic condition and supporting factors of China promoting
the transition of energy sector towards clean and low-carbon, smart and
highly efficient, and economic and safe direction remains unchanged. General
principle of the energy industry to undergo stable and coordinated development
remains unchanged. For some time to come, global supply will surplus demand,
oil price will experience wide range fluctuation at a low level. Green transition
of the energy sector will become more urgent. Domestic capability of reserve
replacement and production enhancement will be improved significantly.
Outlook for renewable development becomes brighter and clearer. Capability of
securing energy safety will be improved further. System reform will go deeper,
with industrial policies continue to be improved. New industries, new business
models and new operation format continue to emerge due to influence of the
pandemic, which provide vast potential for the high-quality development of the
energy sector.

Standing at the meeting point of “The Two Centenary Goals”, China
will insist on promoting major tasks of the new energy strategy, ensure
the implementation of decisions made by the nation and policies like “Six
guarantee and Six Stabilities”, accelerating energy revolution, improve the
quality of energy economy, meet energy demand with reasonable supply
arrangement, continue to improve the energy mix and promote the formation
of new development pattern lead by domestic circulation and facilitated by
domestic and international double circulation.

Progress Report of China Energy Revolution will be published biennially
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hereafter, aiming to set up a communication platform for promoting the great
transformation of China’s green energy industry and exploring the route of
healthy, stable, coordinated and sustainable development. We would like to take
this opportunity to express our gratitude to relative government departments,
research institutes, universities and colleges, industrial associations, enterprises,
international organizations, and numerous professionals who provide
substantial support and assistance for the forming of this report.

Members on the editorial committee are all professionals with years
of industrial experience, who have witnessed the origin and development of
China’s energy revolution. Consultants on the editorial board are all scientists
of the energy area and academicians of the Chinese Academy of Sciences and
Chinese Academy of Engineering who participated in the top-level design of
the revolution and keep a hand in the promotion of the revolution. Special
appreciation should be given to academicians listed below for their guidance

and contributions made to this report (in the order of total surname strokes):

YU Junchong MA Yongsheng MAO Jingwen
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KANG Hongpu HAN Yingduo XIE Heping

We would also like to express gratitude to the following persons who have
provided constructive suggestions and comments, and their contribution made
during the forming of this report (in the order of total surname strokes):
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SHI Dan SHI Yunqing BAI Yanfeng
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