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Foreword 1

In June 2014, at a conference of China’s Central Leading Group for Financial
and Economic Affairs Commission, General Secretary Xi Jinping launched
the idea that China should initiate an energy revolution. The revolution
would be comprehensive in scope. It would encompass demand, supply,
technology and the energy system itself, and it would strengthen international
cooperation and guide China’s energy reforms. As part of this reform pro-
cess, the Development Research Center (DRC) of the State Council of China
and Shell International, building on their long-term collaboration, started a
joint research programme on China’s Energy Revolution in the Context
of the Global Energy Transition in late 2015.

The research focuses on how to promote China’s energy revolution by
reforming the energy system, bolstering innovation policy and motivating all
stakeholders, including government, industry, companies and citizens. Our
findings show that China will learn from international energy transition
experience and strive to improve and build a modern, high-quality energy
system. This will improve people’s living standards, help make China a
high-value manufacturer, protect the environment, and drive China’s eco-
nomic development. In short, China will provide high-quality energy for
high-quality growth.

A high-quality energy system should have the following three features.
First, energy should be clean and low carbon. The entire energy life cycle—
from production and conversion to transmission and consumption—should
be low pollution with minimal emissions of harmful local pollutants and with
CO, from energy production and consumption minimised. Second, energy
should be efficiently priced and affordable. China has not yet completed its
industrialisation process and is still in a critical period of upgrading the
manufacturing value chain. As energy is a key component of production and
circulation, the price of energy should be competitive internationally and
bolster Chinese manufacturing. Third, energy should be secure and reliable.
The energy system should guarantee basic and stable supply, even during
abnormal conditions like natural disasters or geopolitical tensions. It should
also be sufficiently flexible to integrate ever-increasing volumes of renew-
ables in the energy mix.

To build a modern and high-quality energy system, China needs to pro-
mote energy revolution in a comprehensive way through supply-side struc-
tural reform and improvement of the system itself. In terms of energy supply,
China should take effective action in the following four areas:
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First, by systematically cutting coal overcapacity and through efficient and
clean coal utilisation. To address air pollution and reduce greenhouse gas
emissions, China should continue to cut coal overcapacity and reduce coal’s
share of the energy mix. However, as coal will remain a main energy source
in the longer term, China should continue to promote efficient and clean coal
utilisation.

Second, by coordinated development of fossil fuels and renewable energy.
Thanks to technological progress and business model innovation, the cost of
renewable energy is decreasing rapidly, and its share of the energy mix has
risen significantly. Renewables have great growth potential. As energy
transition is a progressive process, fossil fuels will remain important in the
near future, and renewable energy must rely on them for support.

Third, by coordinated development of centralised and distributed energy
systems. Centralised energy supply is the long-standing mainstream model.
But as demand changes, China should focus more on distributed energy and
gradually shift to a modern energy supply system that adapts centralised and
decentralised energy supply to local needs and conditions.

Fourth, by increasing the share of natural gas in the energy mix. In the
short term, there are still many constraints on the development of renewable
energy, and natural gas has great potential to offset these constraints. China
will strive to ensure that the share of natural gas in primary energy con-
sumption will reach 10% by the end of the 13th Five-Year Plan in 2020 and
increase to 15% by 2030, turning natural gas into the third largest energy
source after coal and oil.

Innovation is the foundation of the energy revolution. China should firmly
implement energy system reform, consider energy a commodity, and build a
market structure and system that feature effective competition. Moreover,
China should strengthen regulatory and policy incentives, and vigorously
promote the transition to clean and low-carbon energy that is efficiently
priced and affordable, secure and reliable. In addition, China should sys-
tematically consider how to open itself to the outside world and make greater
efforts to improve its participation in international energy cooperation and
governance.

As China enters a new era of economic development, and in the face of
advancing energy technologies and changing business models, the question
of how to promote energy revolution should be continuously explored. As
China can achieve its energy revolution only in phases, the research needs to
be continuously deepened over time. Dozens of experts at home and abroad
have contributed to this book, which means it will inevitably contain errors or
oversights. We kindly invite readers to provide corrections and suggestions.

Li Wei
Director of the Development Research
Center of the State Council of China
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It is an honour for Royal Dutch Shell to have worked with the Development
Research Center (DRC) of the State Council on this book. The fact that this is
the third book we have produced together on China’s energy system is a
matter of great pride to me and to the company. It is a partnership of mutual
respect and understanding.

The book you are holding is the greatest achievement so far in a collab-
oration which started in 2011. This collaboration brings together the DRC’s
deep understanding of China’s energy system and the development chal-
lenges which need to be addressed, with Shell’s international experience and
knowledge of energy markets, regulatory mechanisms and the drivers of
energy demand.

In the first publication, the DRC and Shell took a broad look across
China’s energy system. The second focused on the role of natural gas in
diversifying China’s energy mix. This book explores China’s energy revo-
lution in the context of a changing world energy system.

It is hard to miss the changes taking place in China’s energy landscape. In
2019 China produced 40% of all the wind turbines in the world. It made
three-quarters of the world’s solar panels. Nearly half of the electric vehicles
on the planet today, and half the hydrogen-fuelled vehicles, are owned by
Chinese people.

The role of renewables in China’s energy system is also gaining ground
fast. The amount of wind energy could double and the amount of solar
quadruple between 2015 and 2020. And the Chinese government’s move
towards establishing a national carbon pricing mechanism is yet another sign
of the country making progress towards a new era of cleaner energy.

Of course, China’s challenge is the world’s challenge: to meet growing
energy demand while causing as little harm as possible to the environment.

The world population is growing, from 7.5 billion today to 9.8 billion in
2050, according to the United Nations. That population, which currently
includes around 1 billion people without access to basic electricity, is seeking
a better standard of living. Many of the people who improve their lives will
do so by consuming more energy. So, we can expect global energy demand
to rise.

vii
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Yet, if the world is also to achieve the goals of the Paris Agreement,
credible scenarios suggest it must collectively stop adding greenhouse gases
to the stock in the atmosphere by 2070. It needs both more energy and
cleaner energy. There is a lot of work for the world to do if it is to succeed.

China’s goal, as President Xi told the 19th Party Congress, is a “New Era”
with a better quality of life. This is in tune with Paris. For China’s energy
system it means cleaner energy with better air quality and lower greenhouse
gas emissions. It also means affordable energy, secure energy supplies and
reliable delivery to consumers.

The main message of this book is that this is a goal that is well within
China’s grasp—even if reaching that goal does require new thinking of the
sort that has been laid out in these pages. The recommendations made in this
book are intended to be a route to reaching this goal. It is important to note
that they are recommendations that are only possible because of the trans-
formational moves China has already made in its energy system.

They draw on the lessons from other countries going through energy
transition, taking on-board what has worked and avoiding the less successful
paths.

They also point out opportunities to move towards a system which har-
nesses the best of both government and the free market. The direction and
policy interventions that only government can provide, with the market
system’s inbuilt drive towards efficiency.

One of the findings is that China has the chance to build a unified, efficient
and flexible electricity market. Electrification enables an increasing amount
of energy use to be powered by renewables. So, electrification can be a
critical part of any shift to a low-carbon energy system, as long as electricity
is increasingly generated by zero-carbon sources.

Of course, coal is likely to remain in China’s energy mix for some time to
come, and the report suggests reforms aimed at driving out inefficiencies and
ensuring high quality. Ultimately, however, coal is expected to decline in
importance within China’s energy system and other cleaner sources of energy
such as renewables and gas will rise. The book goes on to look at ways to
deepen the reform of the oil and gas landscape to encourage investment and
development. It looks at reforms to the mining rights system, the natural gas
pipeline network, pricing and industry regulation.

It recommends establishing new regulatory authorities and suggests an
enhanced system of energy laws to back this up. These suggestions build on,
and deepen, the recommendations made in the second book that came from
the DRC-Shell collaboration.

The study also explores how to make the most of the plans for a national
carbon market. It is here that it becomes most clear how interconnected
China’s energy system is, and also how a harmonious approach can have a
greater impact than more dramatic, but less coordinated, action. Finally, the
book looks at the opportunities China can take by playing an ever-more
active role in shaping global energy governance. It suggests ways that China
can help address global energy concerns as part of the international com-
munity: making China’s voice heard clearly and influencing the outcomes.
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It is right that China’s voice is heard. The change it has already gone
through is impressive, and the change proposed in this book can bring the
country’s energy goals within reach. The world should take note. It should
also take note of what can be achieved when governments and companies
collaborate as effectively as the DRC and Shell have done since 2011. I look
forward to what comes next.

Ben Van Beurden
Chief Executive Officer of Royal
Dutch Shell plc
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Overview: High-Quality Energy
for High-Quality Growth: China’s
Energy Revolution in the New Era

Xu Zhaoyuan and Mallika Ishwaran

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

In December 2016, the Chinese government
published its Energy Production and Consump-
tion Revolution Strategy (2016-30), which set
out the specific actions needed to promote the
energy revolution that President Xi had referred
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to. In October 2017, the report of the 19th CPC
National Congress noted that:

Socialism with Chinese characteristics has crossed
the threshold into a new era. China’s economy is
transitioning from a phase of rapid growth to a
stage of high-quality development.

China must put quality first and prioritise perfor-
mance; and China should make supply-side
structural reform its main task and work hard to
achieve better quality, higher efficiency, and more
robust drivers of economic growth.

The new era provides a new background and poses
new requirements for China to deepen its study of
the energy revolution. Global practices show that
all countries have undergone an energy transition
in the course of their development, albeit along
different paths. From the perspective of the global
energy system as a whole, the current energy
transition towards a greener and more sustainable
energy system is significantly different from the
energy transitions of the past.

China needs to learn from other countries’ practices
in promoting energy transition. It must keep up with
the latest trends in global energy transitions, take
account of the needs of economic, social and envi-
ronmental development in China, vigorously develop
energy technologies, and conduct an in-depth study
on how to achieve China’s energy revolution.

1 Global Energy Transitions:
Historical Experience
and the Latest Trends

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

1.1 Energy Demand Changes
with Economic

Development

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

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

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

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

Japan and major European countries experi-
enced a slower increase in energy consumption
than the USA and Canada. These countries have
reached similar levels of income per capita as the
USA and Canada, but with around half the level
of energy consumption per person. In addition to
having more light industry and less transport
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demands, these economies generally focus more
on energy efficiency, often driven by policy.
Spain and Italy have lower energy use per person
than other developed economies. This is because
they are more service-oriented, with fewer
energy-intensive industries and a Mediterranean
climate that reduces the need for heating and
cooling relative to other countries.

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

CHN
/J-

1.2 Previous Global Transitions
in Energy Supply

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

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

New energy and information technologies are
developing rapidly and having a significant
impact on energy production and consumption.
1.3.1 The Cost of Clean Energy
Technologies is Declining

Rapidly

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

1.3.2 New Information
and Communications
Technologies
(Digitalisation) are
Increasingly Being Used
in the Energy System,
with Several Important
Implications
To begin with, digitalisation increases the
demand-response  potential for electricity.
According to International Energy Agency

Current transition Wind and solar

Modern biofuels

Electrification: gas,

Nuclear
hydro and nuclear )

Hydro

Mass
transport: oil

Industrial
Revolution: coal

1860 1880 1900 1920 1940 19460 1980 2000 2015

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

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

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

Fourth, digitalisation may affect the energy
use and consumption patterns of manufacturing.
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Industry 4.0—the trend towards greater use of
automation and data exchange—will have a
significant impact on energy demand. As shown
in Fig. 5, the adoption of 3D printing in US
commercial aircraft manufacturing can reduce
energy use in production and in flight, thanks to
the use of more lightweight components.

1.4 Main Characteristics of the New
Global Energy Transition

The global energy system is undergoing a major
transition, after a period of relative stability.
Before 1985, the energy systems of the G7
countries experienced significant changes as a
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result of oil price fluctuations, the discovery of
new oil and gas reserves, the emergence of new
energy carrier networks and the development of
new technologies like nuclear power. However,
the global energy system has been relatively
stable over the past 30 years, with little change in
the energy mix of the G7 countries (Fig. 6). Over
the next 30 years, digitalisation, new technolo-
gies, decarbonisation, more stringent environ-
mental requirements and new forms of economic
activity are expected to transform the energy
system.
1.4.1 Clean and Low-Carbon Energy
are Driving the New Global
Energy Transition
The unprecedented attention paid by countries to
climate change and environmental protection,
along with increasing consumer demand for
cleaner energy services, is driving the global
transition to clean and low-carbon energy.
Compared with previous drivers of energy
transition, climate change is a global concern, the
solution to which requires the engagement of all
countries. Both energy consumption and CO,
emissions per unit of GDP are now declining.
There is a sign that energy consumption and CO,
emissions have been decoupling from economic
growth increasingly rapidly since 2010. The
Paris Agreement of 2015 shows that the world is
paying more attention to climate change and
strengthening its efforts to disconnect CO,
emissions from economic growth. In this respect,
the European Union is in a leading position, with
GDP increasing by 50% between 1990 and 2015
and CO, emissions dropping by more than 20%

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

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

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

1.4.3 Policy Plays a More Important
Role in This Energy
Transition
While policy has been a key driver of previous
energy transitions, the scope of the policy
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challenge this time is vast. This is because the goal
of the new transition is to promote the develop-
ment of clean and renewable energy. To level the
playing field, the negative environmental effects

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

1.5 Developing and Emerging
Economies Can Leapfrog
Ahead

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

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

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

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

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

2.1 The Goal of China’s Energy

Revolution

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

2.1.1 What is a High-Quality Energy
System?

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

First, it should be clean and low carbon.
A clean energy system is one in which the entire
energy life cycle—from production and conver-
sion to transmission and consumption—achieves
the lowest possible levels of pollution and
emissions. Low carbon is a key part of this. CO,
itself is not a polluting gas, but it has significant
impacts on the environment. Moreover, the
Chinese government has made a solemn com-
mitment to the international community, as part
of its nationally determined contributions, to
reduce global carbon emissions. The energy
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Fig. 11 Low- and middle-income countries can leapfrog the historical patterns of energy consumption of high-income
countries. Note PPP = purchasing power parity. Source Vivid Economics, based on World Bank and WRI data

system is the largest carbon emitter, so low car-
bon is undoubtedly an important characteristic of
a high-quality energy system.

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

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

2.1.2 Three Characteristics

of the Energy Revolution
(1) Clean and low carbon
According to research by the Institute of
Resources and Environmental Policy of the
Development Research Center of the State
Council, total emissions of major air pollutants in
China are likely to peak during the 13th
Five-Year Plan (2016-20), after which the
country’s energy system will be much cleaner.
Total inhalable particulate matter (PM10) emis-
sions have been declining since the 1990s. Sul-
phur dioxide emissions reached their highest
point in 2006, and have since declined steadily.
Nitrogen oxide (NO,) emissions dropped for the
first time (in 2012) since reliable databases were
established and are expected to flatten, then fall.
The research initially concludes, therefore, that
air pollutant emissions have reached a turning
point. Combined emissions of major water pol-
lutants are estimated to peak in 2016-20, then
flatten, flowed by a gradual decline.

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



Overview: High-Quality Energy for High-Quality Growth ... 11

2020, China’s CO, emissions per unit of GDP
will decrease by 18% compared to 2015, and by
2030 they will drop by 60-65% compared to
2005. The findings of this report show that to
achieve the goal of carbon intensity reduction,
additional policies and measures—including
carbon pricing and subsidies for non-fossil
energy sources—need to be gradually intro-
duced to achieve tangible results.

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

(2) Affordable and efficient

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

0.80 -

0.20

0.10

Energy consumption per unit of GDP tce/RMB10k

0.00

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

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

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

esmm= Baseline scenarip === Recommended scenario

2015 2020 2025

2030 2035 2040 2045 2050

== Baseline scenario 0.71 0.59 047

0.38 0.31 0.26 0.22 0.18

e Recommended scenario 0.7 0.57 0.46

0.37 0.30 0.25 0.21 0.17

Fig. 12 Evolution pathways of China’s energy consumption per unit of GDP in two scenarios. Source Findings of the

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

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

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

0.20 -

—+—USA  =—e— China
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(iii)

(iv)

(v)

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

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

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

build smart homes, smart buildings, smart
communities and smart factories, featuring
smart end-use technologies and flexible
energy trading to help create smart cities; and
strengthen demand-side management,
popularise intelligent energy consumption
metering and diagnostic technologies,
accelerate the deployment of energy
management centres for industrial com-
panies, and build an Internet-based infor-
mation service platform.

Japan ——South Korea

00
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1987

1991
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Fig. 13 Comparison of energy cost per unit of GDP between China and several major countries. Source Results
calculated by the DRC research team based on the input-output table by country
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2.2 To Achieve the Energy
Revolution, China Needs
to Get Five Driving Forces
into Play: Four Pillars
and International
Cooperation

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

Supply

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

\ntern crﬁonm' 5

Fig. 14 The drivers behind energy revolution: four
pillars and international cooperation. Source Vivid
Economics

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

Demand

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

Technology

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

Markets

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

An increase in a country’s participation in global
energy trade can also trigger an energy revolu-
tion. For example, new gas pipelines or liquefied
natural gas (LNG) infrastructure could increase
trade in natural gas. New technologies and
infrastructure can deepen international coopera-
tion and have a transformational impact on future
development. For example, extra high voltage
power transmission enables long-distance power
trade between countries.

2.3 Accelerating the Energy
Transition Requires Four
Intensifiers

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

Preferences cause society to act

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

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

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

Expeciaions | Convince others

Expectations

Private economics

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

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

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

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

Public good

Agents: p Principles: polificians
Nationdl poliical Agents: civil servants
= Postive net

Salient benefits

& NA ¢

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

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

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

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

Private economics

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

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

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

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

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

Enabling PREFERENCES for
clean, efficient energy to spread,
e.g., through smart, responsive
infrastructure, innovative
products at lower cost

Investing in PUBLIC GOODS
necessary for the transition,
eq., coordination/investment
in strategic infrastructure,
urban planning, addressing

environmental market failures

3 Adopt Multiple Measures:
A Roadmap for China’s Energy
Revolution
3.1 Continuously Improve Energy
Consumption Efficiency
by Saving First
3.1.1 Optimise China’s Industrial
Structure by Reducing
the Proportion
of Energy-Intensive
Industries
As China’s economic development enters the later
stages of industrialisation, there is a drive to
upgrade the country’s industrial structure, which,
together with guiding policies, may lead to cleaner
and more environmentally friendly industries.

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

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

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

Setting EXPECTATIONS for
the transition, e 9., ?hrough
long-term policy godls,
roadmap for achieving those
goals, maintaining policy

certainty and credibility

Developing policy frameworks
B supporting PRIVATE ECONOMICS,
b e.g., through pricing environmental
externalifies, innovation support,
efficient regulatory frameworks

Fig. 17 Policy plays a crucial role in driving energy transition. Source Shell International
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Fig. 18 Forecast of China’s
end-use energy consumption
in agriculture. Source
Findings of the DRC research
team
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expected to further reduce the energy consump-
tion per unit of added value (Fig. 18).

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

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

!China’s floor space stock in 2015 was close to 60 billion
square metres, including 17.6 billion square metres of
urban residential floor space, 27.6 billion square metres of
rural residential floor space, and 14.0 billion square
metres of urban commercial floor space.
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buildings, energy consumption per unit of build-
ing area will be significantly reduced, even though
the total energy consumption of buildings in
China is expected to increase steadily.

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

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

3.1.2 Use New Technologies, Processes
and Products to Save
Energy
Efforts should be made to promote the development
of green and low-carbon buildings. In China,
energy consumption in buildings accounts for
nearly half of the country’s total energy consump-
tion, far higher than that of developed economies.
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Government ministries and agencies intro-
duced a series of plans, including the 12th
Five-Year Plan for Developing Green Buildings
and Eco-Cities (2012-17). However, further
improvements in green building systems and
standards and increased R&D of green building
technologies and life cycle management of green
buildings are required. Technology innovation in
green buildings is currently focused on lighting
and heating. Energy- efficient lighting is one of
the most effective ways to reduce greenhouse gas
emissions from buildings in almost all countries.
The Roadmap for the Phase-out of Incandescent
Lamps in China, issued by the National Devel-
opment and Reform Commission (NDRC), ban-
ned the import and sale of incandescent lamps of
15 W or more from October 2016. If all existing
incandescent lamps are replaced with energy-
efficient lamps, 48,000 GWh of power would be
saved annually, equivalent to a reduction in CO,
emissions of 48 Mt. It is estimated that China’s
cumulative newly built urban residential areas
will exceed 5 billion square metres by 2020, and
that the newly added energy consumption from
heating in north China (the coldest part of the
country) will be about 125 Mtce. If heating from
renewable sources is deployed in all these new
residential areas, the resulting reductions in CO,
emissions would be 375 Mt.

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

3.1.3 Introduce Carbon Pricing

to Improve Energy

Consumption Efficiency

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

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

3.2.1 Substitute Electricity and Gas

for Scattered Coal

In 2015, China’s scattered coal consumption reached

617 million tonnes (Mt), mainly used in coal mining

(120 Mt), household heating (93 Mt) and chemical

production (90 Mt). A further 260 Mt of scattered

coal was used by light industries—food, textiles,
equipment manufacturing and services.

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

3.2.2 Speed Up Electric Vehicle
Development to Promote
Clean Energy Consumption
In the Recommended scenario, the number of
registered electric vehicles (EV) in China will
reach 3 million in 2020, 80 million in 2030 and
270 million in 2050. However, the industry’s
current strong momentum indicates the possibil-
ity of faster development.
First, there is a global boom in EV R&D,
mainly around such critical technologies as

Table 1 Two EV

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

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

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

Scenario Year
development scenarios
Source Findings of the 2020 2030 2050
DRC research team Recommended scenario Ownership (million) 5.24 83 270
Proportion (%) 1.9 18.4 50.0
Accelerated scenario Ownership (million) 5.24 200 500
Proportion (%) 2.0 44 93
Vehicle ownership (million, including fuel 272.23 450 540
vehicles and EVs)
16,000 -
14,000 4
12,000 -
10,000 4
8,000 -
6,000 -
4,000 -
2,000 -
i I
2030 2050 2030 2050
Recommended scenario Accelerated scenario
W Petrol (10 Kt) 15,131 8,407 10,347 1,166
M Diesel (10 Kt) 11,005 7,708 5,502 1,542
Electricity (100 GWh) 1,480 3,962 3,547 7,335

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

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

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

3.2.3 Accelerate Electrification
by Decarbonisation

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

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

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

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

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

3.3.1 Increase the Proportion

of Scientific Coal Capacity

Coal-dominated conventional energy will remain

the main energy source in China, both now and

50%
Transport is expected to electrify in
B Industry arbonisation scenarios, a major +5-10 +2.5-5 IEA B2DS
% A% o Buildings chunga relative to |'1|stnr|c| trends e:-1ima1e5
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Fig. 20 China’s electrification rate growth potential
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in the longer term. To address the requirements
of the energy revolution, production needs to be
safe, efficient and sustainable. In mining, coal
production will shift from extensive development
to intensive, green production. In conversion,
priority will be given to upgrading coal-fired
generation from high to ultra-low emissions.

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

3.3.2 Maintain Steady Development

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

3.3.3 Significantly Increase Gas Supply
Capacity

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

ZResearch on China's Gas Development Strategies, pub-
lished by China Development Press in 2016 and by
Springer in 2017, forecasts China’s gas output to reach
270 bem in 2020 and 470 bem in 2030.

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

3.3.4 Develop Clean Energy (Mostly
Renewable Energy)
in a Well-Planned Manner
China’s clean energy sources and load centres
are located in west and east China respectively.
As the energy supply revolution progresses, the
development of clean energy in these two regions
should be coordinated.

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

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

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

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

3.4 Gradually Establish an Energy
Mix Centred on Conversion
to Electricity

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

team

3.4.1 Increase the Proportion

of Renewable Energy

(Mostly Wind, Solar

and Biomass) and Nuclear

Power

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

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

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

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

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

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

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

3.4.2 Encourage the Substitution

of Non-fossil Fuel Energy

for Oil and Coal
Coal consumption will fall sharply from about
44% in 2015 to 27% by 2050. Oil consumption
will first increase and then decrease, returning to
its current share of around 16% at mid-century.
Natural gas, which is a cleaner energy source
than coal and oil, will enjoy rapid growth in the
medium term, rising to 15% in 2030 and staying
stable thereafter. Non-fossil fuel energy will
increase substantially, rising to more than 20% in
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Fig. 22 Changes in China’s primary energy mix in the Recommended scenario. Source Findings of the DRC research

team

2030 to replace oil as the second-largest energy
source. By 2050, non-fossil fuels’ share of the
energy mix will be more than 40%, replacing
coal as the number-one energy source (Fig. 22).

3.5 Build an Internet+ Intelligent
Energy System

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

provide a feasible pathway for connection of
distributed renewable energy at large scale.’
3.5.1 Promote Intelligent Energy
Consumption
The development of smart homes, buildings, com-
munities and factories featuring smart meters and
flexible energy trading should be encouraged to help
create smart cities and leverage intelligent tech-
nologies to reduce residential energy consumption.
A smart energy system, through the use of
smart grids and smart meters, should be developed
to enable real-time measurement, information
exchange and active control of energy consump-
tion for electricity, heating and cooling. The
implementation of such an intelligent and
advanced measurement system will be enriched to
enable remote, automatic and centralised acqui-
sition and collection of water, gas, heating and
electricity consumption data, thereby realising
multi-meter integration. The networking structure

3Gao Shiji and Guo Jiaofeng et al., Energy Internet Boosts
Energy Transformation and Institutional Innovation in
China, China Development Press, 2017.
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and information interface of the advanced mea-
surement system will be standardised throughout
the whole system to achieve secure, reliable and
fast two-way communication with all users.
Efforts should also be made to strengthen
demand-side management and increase the use of
intelligent energy consumption monitoring and
diagnosis technologies. Additionally, the creation
of energy management centres for industrial com-
panies needs to accelerate and an Internet-based
information service platform should be built, so that
businesses can monitor and analyse energy con-
sumption in each production process and intelli-
gently dispatch water, electricity, gas and fuel
whenever changes in production parameters are
made. This will enable real-time monitoring, timely
adjustment, automatic alarm and other functions
throughout the production process (from procure-
ment to use), thereby realising intelligent energy
management and tapping energy saving potential.

3.5.2 Establish Micro-Balancing

Systems that Allow Energy

End Users to Participate

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

3.5.3 Accelerate the Construction

of Integrated Energy

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

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

3.5.4 Set up Internet+ Intelligent
Energy Development

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

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

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

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

3.6 Develop New Energy Technologies
that Fully Support the Energy
Revolution

3.6.1 Continuously Promote the Smart

Power Grid

The smart power grid is an important means to

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

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

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

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

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

“NDRC and NEA, Action Plan for Innovation in the
Energy Technology Revolution (2016-30), 2016, p.6.
SNDRC and NEA, Roadmap for Major Innovation
Actions in the Energy Technology Revolution, 2016,
pp-67-69.

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

for the Development

of Energy Storage

Technologies

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

3.6.4 Prioritise Nuclear Power
Development

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

3.6.5 Make Unconventional Gas

a Major Component of New

Gas Capacity
China will increase its collaborative R&D efforts
with overseas organisations to innovate advanced
technologies, especially exploration and produc-
tion technologies suitable for China’s uncon-
ventional oil and gas resources. This will speed
up the development and scale-deployment of
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critical technologies with Chinese characteristics.
Moreover, China will focus on the development
of unconventional natural gas resources like tight
gas, shale gas and natural gas hydrates.

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

3.7.1 Cooperate with and Reform

Existing International

Energy Governance

Organisations

Make sure energy security is in line with countries’

interests. With the strengthening of its global influ-

ence, China should participate deeply in global
energy governance systems as soon as possible.

This, to make them more widely representative and

better reflect the interests of developing and emerg-

ing countries, thereby promoting a global energy
community with a common future. China should
implement international energy cooperation strate-
gies that integrate multi-level international energy
cooperation partners, diversified international
energy cooperation forms, multi-channel interna-
tional energy cooperation methods, multi-area
international energy cooperation content and
multi-task international energy cooperation pro-
cesses to adapt to the changes in the global energy
landscape and meet its own development demand.

High-quality development of China’s energy system

should be promoted while accelerating the global

transition to clean, low-carbon, affordable, efficient,
secure and reliable energy.

3.7.2 Seek G20 Support to Facilitate

the Energy Transition

by Aligning Global Energy

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

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

3.7.3 Reduce the Risk of Investing

in Partner Countries

to Improve China’s Energy

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

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

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

3.7.4 Strengthen Global Electricity
Cooperation

One of the principal solutions to achieve power

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

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

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

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

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

4.1 Structural Change Is Necessary

for China’s Energy

Revolution

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

energy system with effective market mecha-
nisms, moderate macro-control, vibrant enter-
prises and clean, low-carbon, economic, efficient,
secure and reliable energy. To achieve this, the
government has a key role to play in setting the
policy framework that levels the playing field
between low- and high-carbon sources of energy.

Once the government does this, markets will seek

out the cheapest energy sources and drive inno-

vation in low-carbon technologies and invest-
ment in enabling infrastructure.

4.1.1 Strategic Goals

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

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

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

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

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

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

The energy market’s price mechanism should

be reshaped by:

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

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

(iii) implementing an electricity price mecha-

nism—that controls power transmission
and distribution and deregulates power
generation, sales and use—by establishing
a  well-designed, independent and

performance-based power pricing system;
determining the methods needed to dis-
close power transmission and distribution

4,1.2 Strategic Priorities
A modern energy market system should be cre-  (iv)
ated by:

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

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

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

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

(vii) eliminating

costs and pricing;

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

(vi) establishing and improving directional

subsidy and relief mechanisms for people
in need and some non-profit industries;
and

cross-subsidies in energy

prices.

The energy management system should be

improved by:

(i) establishing and strengthening regulatory
authorities to better manage state-owned
natural resources and monitor natural
ecosystems. This should be in line with the
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new round of institutional reforms to
implement responsibilities relating to
publicly owned natural resources;
defining the boundary between govern-
ment and the market, standardising and
simplifying approval procedures, and
reducing the administrative burden on
companies subject to these approvals;
addressing grid integration of renewable
power and the need for inter-provincial and
interregional power transmission and dis-
tribution under the national energy strat-
egy; as well as fully deregulating the power
generation sector and ensuring all regions
purchase and use the legally binding min-
imum number of hours of wind and solar
power generation annually; and
improving peak shaving and the backup
auxiliary service market mechanisms,
upgrading thermal power flexibility and
increasing energy storage power sources.

(i)

(iii)

(@iv)

The energy regulatory system should be
improved by:

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

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

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

(ii)

(iii)

A modern energy legal system should be
accelerated by:

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

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

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

(iif)

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

4.2 Create a Nationally Unified

and Dynamic Carbon
Trading Market

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

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

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

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

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

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

4.2.1 Improve the System of Laws

and Regulations to Increase
Regulatory Capacity

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

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

SLiu Huiping, Song Yan, Challenges for Launching the
National Carbon Emission Rights Trading Market and
Solutions, in Economic Review, 2017, (01):pp.40-45.

4.2.2 Coordinating the Cap and Quota
Structure Correctly

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

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

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

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

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

Auctioning initial carbon emission rights
enables the fair and effective allocation of those
rights. Government can set the minimum price
and businesses can acquire emission allowances
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Fig. 23 China’s carbon
trading market system

Law firms

Support system

Accounting firms

through bidding. Given the status quo of Chinese
businesses, the creation of a pricing mechanism
for auctioning initial emission rights will need to
evolve from mostly free allowances to a growing
number of auctioned allowances.

4.3 Create a Unified, Efficient
and Flexible Electricity
Market

4.3.1 The Goal of Electricity Market

Reform

Electricity market reform is intended to:

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

(ii) increase the types of energy traded

between provinces and regions, and

enlarge the number of participants in the
market;

create a market mechanism that promotes

inter-provincial and interregional grid

(iii)

Regulatory system Government

Trading platform Trading system

Financial
institutions

connections for the exchange of clean
energy; and gradually introduce auxiliary
service  market  mechanisms, like
inter-provincial and interregional peak
shaving, to increase clean power trading
volumes across domestic borders;
expand the size of the electricity market
through mergers or fusions to reduce the
concentration ratio of power generators;
and
(v) develop a variety of power products such
as contracts for difference and medium-
and long-term contracts and futures to
mitigate fluctuations in electricity prices
and ensure stable revenues for all market
participants.

(iv)

4.3.2 Establish an Efficient Pricing
Mechanism

e Deregulate prices. Price deregulation should
proceed step by step. It could start upstream
and develop into downstream, beginning with
input fuels and progressing through to gen-
eration and network access and eventually to
retail.
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e Harmonise trading arrangements between
different transmission systems. Use price to
determine flows between interconnected
provincial and regional transmission systems,
signalling which provinces or regions could
benefit from new investment. Price can
stimulate lower-cost power plants to respond
more efficiently to demand.

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

4.3.3 Launch Market Trials
Progressively

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

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

4.3.4 Optimise the Power Management
Structure

The power management structure includes an

enhanced role for market procurement and a

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

4.4 Reform and Improve New Energy
Subsidy Policies

The Combination of Carbon
Pricing and New Energy

Subsidy Policies Can

Deliver Better Results

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

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

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

4.41
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Fig. 24 Influence of carbon pricing and non-fossil
energy subsidies on total energy consumption and the
energy mix. Note BAU represents a carbon- and
subsidy-free baseline scenario. T90, T60 and T30

4.4.2 Continuously Improve

and Implement Non-fossil

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

2030 2035 2040 2045
S30 = T30S30 = TB0S30 = T90S30

2050

represent three carbon price scenarios ($90/tCOze,
$60/tCO,e and $30/tCOye respectively). S30 and S20
represent two scenarios (non-fossil energy price subsidy
of 20% and 30% respectively)

increase. Non-fossil energy subsidies will have a
greater impact on energy mix adjustment than
carbon pricing. This may be due to the slower
reduction in cost of non-fossil energy technolo-
gies in the absence of policy support. Even though
carbon pricing policies reduce fossil energy
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consumption, if non-fossil energy subsidies are
not introduced the widespread use of non-fossil
energy would be difficult to achieve and the
adjustment of the energy mix would be slow.

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

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

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

4.5.1 Reform the Mining Rights
Management System

for Oil and Gas to Help

Create a Mining Rights

Market

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

In proven or low-risk areas, mining rights should
be transferred (sold) according to their valuation.
Set a reasonable cost of ownership for mining
rights and resolve the relationship between
resources and Different minimum
exploration investment standards should be set
for different regions, different minerals and dif-
ferent oil and gas resource areas at different
stages of exploration. In particular, the minimum
exploration investment thresholds for the first
and second years should be raised, while those
for the third year should be raised if needed.

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

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

income.

4.5.2 Accelerate Reform of the Natural
Gas Pipeline Network
and Build an Independent
and Diversified Oil and Gas
Infrastructure Market
Take steps to promote orderly pipeline indepen-
dence. In the medium and long terms, pipeline
transmission companies will take steps towards
financial, legal and ownership independence to
accelerate the separation of pipeline manage-
ment, sales and storage. This will ensure open
and fair access to third parties and improve
pipeline utilisation.
Improve laws and regulations and strengthen
supervision to ensure fair access. The Measures
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for the Regulation of Fair and Open Access to
Oil and Gas Pipeline Networks and the Measures
for the Administration of Natural Gas Infras-
tructure Deployment and Operation will be
improved, and the Rules for the Implementation
of Fair, Open Access to Natural Gas Infrastruc-
ture will be developed. These rules and regula-
tions will define how infrastructure operators will
maintain independent operation and provide
various services, such as pipeline transmission,
to all users in a fair and just manner. They will
also define rules for pipeline access, information
disclosure requirements and legal liability for
breach of fairness and openness.

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

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

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

4.5.3 Improve Oil and Gas Pricing
Mechanisms

and Progressively

Deregulate Oil and Gas

Pricing

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

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

(i) carry out pilot programmes to deregulate
the end-use retail price of natural gas;
introduce price incentive policies, such as
interruptible supply pricing and peak and
off-peak gas prices;

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

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

(i)

(iif)

(iv)

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

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

China will:

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

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

improve the efficiency of government
regulation; give regulatory priority to
processes and activities such as market
access, trading behaviour, monopoly seg-
ments, tax payments, pricing, security and
environmental protection; and use a com-
bination of approaches including laws,

(ii)

(iif)
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administration, regulation and public
engagement to enable collaborative
supervision.

4.,5.5 Improve China’s Energy

Emergency Response

System and Increase Its

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

4.6 Deepen Reform of the Coal
Industry
4.6.1 Restructure National Coal
Authorities
Government should guide and serve the coal
industry. By grasping the opportunities provided
by “deepening CPC and national institutional
restructuring”, national coal authorities should be
restructured to better implement coal industry
and market strategies and reduce administrative
intervention in individual entities.

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

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

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

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

4.6.3 Build a Market Information
Network

First, coal circulation (from mine to end user)

should become increasingly smart to provide

insights into logistics and processing, deliver

important information on the coal market, and

enable key performance indicators to be measured.

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

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

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

4.6.4 Deepen the Reform

of State-Owned Coal

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

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

4.7 Speed Up Reform of State-Owned
Energy Companies

Accelerate Reform

of State-Owned Energy
Companies by Improving
Investment Efficiency

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

4.7.1

4.7.2 Help State-Owned Energy

Companies Become

Stronger and More

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

4.7.3 Make Reform Breakthroughs

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

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

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

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

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

4.8 Enhance China’s Engagement in
Global Energy Governance

4.8.1 Develop Strategies for,

and Engage Deeply in,

International Energy

Governance Organisations

It is in China’s interests to firmly adhere to

multilateral norms and international rules, seize

opportunities and address challenges together

with the international community, and actively

participate in global energy governance.
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China should:

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

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

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

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

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

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

4.8.2 Strengthen China’s Capacity

to Participate in Global

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

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

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

laws and regulations of international energy
trade and financial investment;

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

e develop a pool of expertise on international
energy governance;

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

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

4.8.3 Create a Spirit of Openness and

Accept that the International

Energy Market Can Ensure

Energy Security Under

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

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

by identifying areas for international cooperation,
learning from international energy development
experience, applying advanced technologies, and
using foreign investment to make the domestic
energy market more competitive. China’s further
integration into the global energy market will
contribute to the energy security of the whole
world, not only to China and East Asia.
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energy revolution occurs it can drive social

development and move society forward.
Scientists and research institutes define energy

revolution differently. Here are four examples:

e “The purpose of a revolution in energy pro-
duction is to accelerate the transition away
from fossil fuels to clean and low-carbon
energy, and to accelerate the growth of nuclear
energy, renewables and natural gas in the pri-
mary energy consumption mix in China.”’

e “The heart of the energy revolution is to
improve efficiency and societal benefits.
Restrictions limiting environmental impacts
should be the red lines for energy develop-
ment and investment to enable a clean and
low-carbon energy economy to thrive.”

e “The energy revolution makes fundamental
changes to the energy mix and energy industry.
The excessively high cost of developing and
using the predominant types of primary
energy, and the mismatch between the benefits
they provide and the negative impacts they
make, drive innovation and the substitution of
new energy carriers for old ones.”

e “Energy revolution is the evolution of the
energy system by society. Unlike social and
political revolutions, energy revolution is
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Revolution, in China and Foreign Energy, Issue 4, 2013.

*Zhou Dadi, Improvement in Efficiency and Benefits—the
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evolutionary. When the existing energy system
can no longer adapt to social and economic
change, a new energy system is required to
replace it. This triggers transformation in supply
and demand, including significant change in
energy resources, technologies, management
and public perception. The current energy rev-
olution is adopting a scientific approach to
energy use and replacing the conventional
energy system with one that is efficient, clean,
low-carbon and smart to help drive society
forward.””*

Atthe 6th meeting of the Central Leading Group
for Financial and Economic Affairs in June 2014,
President Xi launched his Four Types of Energy
Revolution and One Cooperation as the new energy
strategy for China’s energy security and develop-
ment. This strategy requires a revolution in energy
demand to curb unreasonable consumption; a rev-
olution in energy supply to develop a diversified
supply system of multiple sources; a revolution in
energy technology to stimulate innovation and
modernisation; a revolution in the energy system to
fast-track development; and strengthening inter-
national cooperation to guarantee energy security.
President Xi made clear that whichever definition is
adopted, energy revolution is a combination of
energy supply diversification, energy demand
changes, energy technology advances, energy
system innovations and far-reaching changes in the
global energy landscape.

1.1.2 Definition and Elements

of the Energy Supply

Revolution
China’s energy revolution is a significant attempt
to accelerate the energy transition, guarantee
national energy security, meet the nation’s
demand for energy, improve energy efficiency
and combat global climate change. Some
researchers have proposed” that this involves

“Ren Dongming, An Analysis of Energy Revolution, in
China Energy News.

3Ying Guangwei, Guo Jiaofeng and Wu Xun, China’s
Energy Supply Revolution Urgently Requires Accelera-
tion To Develop Gas as a Clear Energy, in China
Economic Times, August 17, 2015.

optimising the energy mix, reducing the use of
coal and coal’s share in primary energy con-
sumption, and developing a modern energy
supply system that is efficient, clean, low-carbon
and diversified. To understand the elements of
the energy revolution, the following three factors
need to be taken into consideration:

(1) The energy supply revolution will be a
revolution in the true sense of the word
Revolution implies the transition from something
old to something new, triggered by fundamental
change. There are many factors that may cause an
energy revolution, such as technological advan-
ces, changes in resource availability, environ-
mental constraints or geopolitical disruptions. In
the energy revolution, the old refers to the
high-carbon and high-pollution energy supply
structure dominated by coal and oil, while the new
refers to a low-carbon, clean, diversified, stable
and smart energy system. With regard to the
objectives of energy revolutions, there are sharp
differences between countries. China, for exam-
ple, has an abundance of coal and a shortage of oil
and gas. Despite recent technical advances, the
economic feasibility of renewable energy still falls
far behind fossil fuels. Therefore, in addition to
focusing on renewables in its energy revolution,
China also needs to attach great importance to the
clean and efficient use of coal.

Energy revolution also implies fundamental
change in energy supply. This does not happen
overnight, but systematically and gradually in
politics, technology, the economy and the envi-
ronment. It is, therefore, important to weigh the
pros and cons of each factor to understand its role
in the energy revolution.

(2) The energy supply revolution will lead to
major changes in the supply chain

Revolution can optimise the effectiveness and
flexibility of supply and increase the share of
high-quality energy in the mix to better meet
demand and change the way energy is used.
Optimisation helps remove obstacles to techno-
logical advances and encourages system inno-
vations, driving the energy revolution forward.
A revolution in supply is a cornerstone of the
broader energy revolution. But it needs to be
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supported by similar revolutions in consumption,
technology, demand and the energy system itself.

(3) The aim of the energy supply revolution is
to combat climate change, meet demand and
guarantee energy security

The most important role of the energy revolution
is to meet the demand for energy and improve
people’s quality of life, while combating global
climate change. In the transition from
high-carbon to low-carbon energy, the energy
revolution focuses on the supply of cleaner
conventional energy and the development of
renewable energy. This will enable energy sup-
ply to match demand more effectively and adapt
to change more flexibly.

The energy revolution aims for energy secu-
rity. Close to 70% of China’s energy comes from
coal, which makes China the country suffering
the most from coal-smoke pollution and the
world’s largest greenhouse gas emitter. As a
result, China shoulders increasing pressure from
the international community to reduce its emis-
sions. As the scramble for oil and gas intensifies,
the difficulty of accessing resources in interna-
tional markets is mounting. China’s oil imports
are surging, around 80% of which come from the
Middle East and North Africa. Such a high
dependency on one region, in combination with a
lack of strategic oil reserve capacity, weakens
China’s ability to respond to emergencies.
A weak emergency response system increases
the risk of long-term dependency on international
oil resources. The energy revolution must there-
fore focus on China’s specific conditions and aim
to ensure energy security.

1.1.3 Implications of the Energy
Revolution for China

At the 6th meeting of the Central Leading Group
for Financial and Economic Affairs in 2014,
President Xi defined the specific requirements of
the energy revolution: to develop a diversified
energy supply system; create a diversified
domestic supply system to ensure energy secu-
rity; vigorously promote clean and efficient coal
use; focus on more non-coal energy supply

sources to develop an energy supply system
based on coal, oil and gas, nuclear power and
renewable energy; strengthen the power trans-
mission and distribution systems; and build
energy storage facilities.

These requirements reflect China’s actual
conditions. China has many challenges to
address, including excess capacity in fossil
energy (mainly coal), insufficient supplies of
renewable energy, intense environmental con-
straints, and severe defects in the energy supply
system. Alleviation of excess capacity in the coal
sector, optimisation of the energy supply system,
and robust development of clean energy are,
therefore, high on the energy revolution agenda.

1.2 Characteristics of the Energy
Revolution

1.2.1 Key Characteristics

(1) Changes in primary energy

(1) Fossil fuels

Fossil fuels include coal, oil and gas. Coal mining
and coal utilisation technologies are relatively
mature, but due to high levels of pollution coal’s
share of the energy mix will decrease dramatically
as the energy revolution moves forward. In the
future, clean coal mining technologies will be
widely deployed to enable scientific and efficient
exploitation, and investments in safety will also
increase. This will enable the cost-effective and
safe exploitation of coal resources.

China has limited proven resources of con-
ventional oil and gas. There is great potential for
unconventional oil and gas in China. However,
due to the limitations of technology and other
factors, the utilisation rate of unconventional oil
and gas remains low. The energy revolution,
therefore, needs to shift to more unconventional
oil and gas, deep-sea and deep-shale oil and gas
resources. It needs to accelerate the exploration
and production of shale gas and coalbed methane
through technology intensification and innova-
tion, and it needs to promote a low-cost, clean
and green energy strategy.
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(2) Non-fossil energy

Non-fossil energy includes renewables and
nuclear power. The strategy of the energy revo-
lution for renewables is as follows:

(1) hydropower—construct a fleet of hydro-
power plants, as planned, that comply with
stringent environmental protection standards,
as the ecologic protection redline should
never be crossed;

(2) wind power—develop a wind power control
and management system that fulfils the
requirements of large-scale grid connection,
improve equipment quality, establish a
sector-specific mechanism to remove ineffi-
ciency, and construct support facilities like
energy storage;

(3) solar power—build solar power plants in the
north-west desert region of China and
grid-connected rooftop solar power in east
and central China to ensure the development
of complementary solar energy technologies;

(4) bioenergy—increase R&D investment in
non-grain biofuels to replace petroleum fuel
with liquid biofuels at scale in several
industries; and

(5) heating—deploy proven solar, biomass and
geothermal energy technologies in heating
applications. The pace of solar and wind
energy development should match the speed
of the energy transition to prevent excessive
capacity build-up.

In nuclear, China should increase investment
in nuclear power stations in the eastern coastal
region, create Chinese nuclear power technology
brands and become a global centre for nuclear
power plant development and manufacturing.

(2) Changes in secondary energy
(1) Transition from primary to secondary energy
The energy revolution increases the share of
electricity (from fossil fuels and renewables) in
the energy mix. As electricity’s share increases,
and the proportion of non-fossil energy use rises,
the power supply system becomes cleaner and
more efficient. Power consumption in the service

industry and households will increase, while that
in manufacturing gradually decreases.

(2) Combination of centralised and distributed
energy systems

China has adopted a centralised approach to energy
supply and demand, which will remain dominant in
China’s energy system for some time. Distributed
energy systems provide less power per generating
unit and much lower generating efficiency than
centralised energy systems. However, their flexi-
bility and environment-friendliness make them an
important means of addressing pollution and
energy shortage. As such, they are indispensable to
the energy revolution and integral to China’s future
energy system. An optimal combination of cen-
tralised and distributed energy systems would
guarantee a stable and efficient supply of energy
and optimise China’s energy mix.

1.2.2 Drivers

(1) Less pressure on global energy supply
Growth in global energy demand is slowing
down. Influenced by the shale gas revolution in
the USA, some Latin American countries are
developing their domestic oil and gas resources
and have made clear progress to reduce their
dependency on imports from other states. This
eases the pressure on global supply and demand
and encourages countries to diversify their
energy supply. As the share of renewable energy
grows globally, diversified energy supply will
become an irreversible trend.

(2) Opportunities in the energy revolution

At the opening ceremony of the 2018 Summer
Davos Forum, Li Keqiang, Premier of China’s
State Council, said the Chinese economy is at a
crucial stage of transition, from old to new
growth drivers. It is faced with structural con-
tradictions and downward pressure in several
regions and industries. However, opportunities
coexist with challenges. In the energy industry,
China continues to implement its Inter-
net + strategy and roll out the Energy Internet
which, by integrating the energy industry with
digitalisation, boosts innovation and new energy
forms and revitalises energy supply. Natural gas,
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a clean energy carrier, is another of China’s
energy priorities. China’s proven gas reserves are
increasing rapidly, and exploration of natural gas
hydrates has achieved major breakthroughs. As
technology and innovation advance, natural gas
has great potential to partly replace coal and oil.

(3) Environmental constraints are driving the
energy revolution

As Wang Jinnan, Vice Director and Chief
Engineer of the Chinese Academy for Environ-
mental Planning points out, China tops the world
in terms of emissions of almost all air pollutants,
including carbon dioxide. Despite measures to
control and prevent pollution, thick haze often
hangs over large parts of China. Along with
almost 200 other signatories, China ratified the
United Nations Framework Convention on Cli-
mate Change (UNFCCC) at the 2015 Paris Cli-
mate Conference, which took effect in December
2016. Air pollution is inextricably linked to
energy supply. In the face of unprecedented
pressure, the need to protect the environment
forces the energy revolution to accelerate the
transition to clean, low-carbon energy.

1.3 Evaluating the Energy Revolution

As energy production transits from coal to low
carbon, the latter’s share of the energy mix
becomes a key criterion for judging the success of
the energy revolution. However, a revolution can-
not be achieved overnight. Rather, it is an evolving
process that takes place under certain conditions. It
is influenced by specific factors and has significant
impacts on energy supply in certain geographies.
And it can create profound change over time. To
decide whether the changes China is experiencing
can be considered an energy supply revolution, we
look at four countries that have undergone energy
revolutions: the UK, France, Japan and Germany.
1.3.1 Energy Revolutions in Four
Countries

The UK’s energy revolution started with the
discovery of North Sea oil in the 1960s. In 1973,
coal made up 84% of the country’s energy

production and oil accounted for 44% of total
energy consumption. As the production capacity
of UK North Sea hydrocarbons expanded, the
share of oil and gas in energy production and
consumption rose rapidly, while that of coal
decreased. By 1983, the UK was one of the
world’s top 10 oil producing countries and an
important oil and gas exporter across the globe.
At a time when overall energy demand was
stable, the share of gas in the energy mix
increased rapidly in the UK, becoming a major
alternative to coal.

Japan’s energy revolution can be clearly
divided into three stages based on energy mix
share. Stage 1 is changes in the supply of primary
energy to the power industry, reflected by a
higher share for oil and a smaller share for coal.
In 1973, the first oil crisis spurred a transition
from oil to gas and nuclear power, which started
stage 2 of Japan’s energy revolution. Use of gas
in the energy mix grew from 1.6 to 19.2%, and
that of nuclear power from 0.6 to 11.8%. Thanks
to reduced costs and improvements in equipment
efficiency, the use of coal rose from 16.9% to
22.6%. Following the Fukushima nuclear acci-
dent in 2011, Japan initiated stage 3 of its energy
revolution by phasing out nuclear power.

In France, oil and coal made up a high share
of the energy mix before the energy transition.
As a result of the first oil shock, Prime Minister
Pierre Messmer announced a large nuclear power
development programme (the Messmer Plan) in
1974, which included 13 1,000-megawatt nuclear
power plants. This not only completely changed
France’s electricity sector, it made France a
major force in nuclear power and related tech-
nologies. Currently, nuclear makes up 75% of
total power output in France, which is a sub-
stantial contribution to France’s energy self-
sufficiency.

Germany passed the Renewable Energy
Sources Act in 2000, pioneering the transition
from fossil fuels to renewable energy. Coal and
nuclear power were the major sources of energy
in Germany at that time. According to Stephan
Kohler, former head of the German Energy
Agency and director of the Center of
Sino-German Renewable Energy Partnership, the
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goal of Germany’s energy transition is mainly to
phase out nuclear power and fossil fuels by 2050.
After the Fukushima disaster in 2011, the
German government decided to shut down
nuclear reactors permanently and make wind and
solar power the basis of Germany’s future
low-carbon energy system. As Stephan Kohler
pointed out in 2000, 5% of Germany’s then
energy consumption came from renewables,
especially hydropower. By the end of 2016, this
had risen to 33%, with solar power especially
registering explosive growth.

1.3.2 Timelines of the Energy
Revolutions

Starting with the discovery of North Sea oil in
1968, the UK’s natural gas revolution can be
divided into two stages. In stage 1 from 1968 to
1990, the supply of natural gas grew dramati-
cally. It was used mainly by households and
industry, with a very small amount used for
power generation. In 1991, a large gas field with
sufficient reserves for 15 years was discovered
along the North Sea coast, marking the outset of
stage 2 of the UK’s energy revolution. The UK
government increased the use of natural gas in
power generation, which far exceeded that used
by industry.

Japan’s energy revolution began in 1960. It is
now going through its third energy transition.
The first transition, from 1960-73, substituted oil
for coal. As a result of the first oil crisis, Japan
underwent a second transition, from oil to gas
and nuclear power, from 1973-2011, which is
the focus of this report. The third transition took
place after the Fukushima disaster in 2011, when
Japan started to phase out nuclear power.

The first oil crisis also triggered France’s
transition to nuclear power from 1974. In June
2017, Nicolas Hulot, French energy and envi-
ronment minister, announced that the govern-
ment planned to shut down several nuclear
reactors. The move was intended to decrease the
share of nuclear power in total power output
from 75% to 50%, but the timeline remained
unclear.

In 2000, Germany embarked on a transition to
renewable energy. In September 2010, the

minister responsible for the Federal Ministry for
Economic Affairs and Energy announced Ger-
many’s medium- and long-term energy policies
and identified the energy transition targets for
2050.

1.3.3 Pathway Options for Energy
Revolution

The UK discovered North Sea oil when its
domestic energy resources were scarce. The first
oil crisis accelerated drilling and exploitation in
the North Sea and escalated the use of natural
gas. The UK’s energy revolution was therefore
driven by resource shock.

During the first oil crisis, oil prices soared and
the cost of oil-fired power generation in France
and Japan spiralled. High oil consumption and a
lack of domestic resources forced the two coun-
tries to carry out an energy revolution. France has
few oil, coal and gas resources, but relatively
abundant uranium ore. France decided to transi-
tion to nuclear power, while Japan chose to
replace oil with gas and nuclear power.

Germany spearheaded the transition from
high-carbon to low-carbon energy to reduce air
pollution from fossil fuels and to strengthen energy
security. The transition to renewable energy is now
a common trend in energy revolutions.

1.4 Pathways to Energy Revolution
1.4.1 Economic Development, Energy
Security and Environmental
Protection

According to the above analysis of energy rev-
olutions in four countries, the UK, France and
Japan sought an energy transition before and
after the first oil crisis due to a lack of domestic
energy resources. They needed to limit the
potential impacts of an energy supply shortage
on their economies and energy security. Ger-
many’s energy supply revolution occurred rela-
tively late. In addition to economic development
and energy security, Germany also took envi-
ronmental pollution from fossil fuels into con-
sideration, and eventually decided to point its
energy revolution towards renewable energy.
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All four energy revolutions targeted economic
development, energy security and environmental
protection. These same three factors apply to
China’s energy revolution as well.

First, economic development is a permanent
goal. China has many challenges that need to be
urgently addressed, such as overpopulation, large
income inequality and regional imbalances in
economic development. The energy revolution
can satisfy people’s energy demands and create
high-tech and low-energy-consumption indus-
tries, bringing new employment opportunities.
More jobs will reduce income inequality and
regional development imbalances, helping to
deliver the government’s goal of economic
prosperity.

Second, the energy revolution can reduce
China’s dependency on other countries for
energy and lower potential supply risks, thus
improving energy security.

Finally, the severe haze and air pollution
challenges facing China are closely related to its
underdeveloped energy system. In addition,
pressure from the international community on
greenhouse gas emissions makes environmental
protection another goal of China’s energy
revolution.

In recent years, as China’s economic devel-
opment entered the new normal of lower growth
rates, the energy industry also entered a new
phase. China’s energy system is shifting from
growth in quantity to a phase consistent with the
new era of socialism with Chinese characteristics
and China’s new normal economy. As new busi-
nesses start up, and energy technology innovation
and deployment accelerate, the three factors of
economic development, energy security and
environmental protection become increasingly
interdependent.

1.4.2 Scenarios for China’s Energy
Revolution
The scenarios for China’s energy revolution are
based on the following four factors.
First, in alignment with the government’s
Chinese Dream strategy, China’s socioeconomic
development scenario forecasts socioeconomic

development and energy service demand for
2020, 2030 and 2050.

Second, in accordance with the Energy Sup-
ply and Consumption Revolution Strategy
(2016-30) to forecast end-use energy demand
and to analyse the possible and recommended
pathway.

Third, we have conducted research on the
impact on the energy supply system in three
scenarios (High, Medium and Low) in which
electricity and gas replace scattered coal and the
Recommended and Limit scenarios in which
electric vehicles replace internal combustion
engines.

Fourth, we forecast China’s future primary
energy supply in the Recommended scenario for
its energy revolution pathway.

1.4.3 Outlook for China’s Energy

Revolution and Scenario

Analysis
China’s future population, floor space growth
and trends in major industrial products are anal-
ysed to forecast China’s socioeconomic devel-
opment and energy service demand in 2050.
Energy consumption in agriculture, industry and
buildings, transport, the service industry and
households, is predicted in order to estimate
future total end-use energy demand. The sce-
narios for replacing scattered coal and internal
combustion engines are analysed to estimate
electricity and natural gas consumption and total
energy demand for vehicles in 2050.

A review of China’s socioeconomic develop-
ment and energy service demand reveals that
China’s population will peak by 2030. As the
population ages, China’s future workforce will
decline in absolute terms. China’s floor space is
forecast to peak at about 92 billion cubic metres
by 2040. The rapid expansion of the real-estate
industry will come to an end, and its ability to
stimulate economic growth will weaken. China’s
automobile industry maintains strong momen-
tum, but growth is expected to slow after 2030
due to gradual market saturation. Iron and steel
output will fall in line with declining annual
average floor space, and the steel recycling rate
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will gradually improve. The nonferrous metal
industry will see continuous growth in energy
consumption to 2030, and new building materials
will gradually replace old ones. By 2030, China
will achieve the government’s goal of “common
prosperity” and avoid the middle-income trap of
developing countries. In 2030, China’s GDP will
exceed that of the USA, making it the world’s
largest economy. In 2050, China’s economic
growth will shift from production-driven to
consumption-driven. As industrial restructuring
accelerates, China’s GDP will reach and exceed
the level of moderately developed countries.

In agriculture, machinery will be powered by
electricity, especially by renewables and biofu-
els, instead of by fuel oil. Use of scattered coal
will start to disappear. Energy use in industry and
buildings is expected to peak in 2025-30, and
then steadily decline. In iron and steel, as the
mainstream technologies gradually shift to a
more balanced use of long-term and short-term
objectives, the use of coal will fall sharply and
that of natural gas, electricity and heat increase
significantly. In the transport sector, petrol, diesel
and kerosene remain dominant, but the rate of
replacing them with electricity, natural gas and
biofuels will increase significantly. Energy con-
sumption in transport will continue to grow to
2030, then slowly decline. Energy demand in the
service industry will increase continuously
throughout the period to 2050 and use of coal
will decrease rapidly as the service industry
modernises and replaces scattered coal with
electricity and gas. Household electricity demand
will remain steady.

In summary, China’s end-use energy demand
will stay at peak level between 2030-50. Specif-
ically, energy demand in agriculture, industry,
building construction and transport will peak in
2020, 2025-30 and 203040 respectively. In the
service and household sectors, peak energy
demand will not be reached until 2050.

Three rate of change scenarios (Fast, Medium
and Slow) are also analysed for substituting
electricity and gas for scattered coal (SEGFSC).
For the pathway for the electric vehicle sector, a
recommended scenario and an extreme scenario
(featuring accelerated development) are analysed,

leading to energy demand forecasts for petrol,
diesel and electricity.

In the Recommended scenario, the share of
electricity in end-use energy demand rises stea-
dily. In the SEGFSC and electric vehicle sce-
narios total energy consumption will decline,
although not significantly, as electricity and gas
are more efficient than coal and oil. This will
increase demand for electricity and gas, but to a
manageable extent. However, a rapid increase in
the number of electric vehicles will boost
demand for electricity. The power system will
therefore require sufficient backup capacity or
better demand-side management to meet this
uncertainty.

In the Recommended scenario, electricity
demand is divided into four segments—peak
load and ancillary services, intermediate load,
base load and distributed load. Clean power’s
share of energy supply will gradually increase,
wind and solar will rise rapidly, and nuclear
power steadily. Gas-fired power generation’s
share will remain around 10% in 2050, while
hydropower’s will gradually decrease despite its
growing generating capacity.

In the Recommended scenario, China’s total
primary energy demand will continue to grow.
Coal and oil will peak then decline. The share of
non-coal in energy supply is expected to increase
to 73% by 2050, whereas oil will rise then
gradually fall as the scale of replacing the inter-
nal combustion engine with electric vehicles
rapidly expands. Meanwhile, clean energy will
gradually play a critical role in meeting energy
demand. In addition, the rising rate of electrifi-
cation will increase the share of power generation
in energy supply.

1.5 Impacts of the Energy Revolution
The Recommended scenario analyses the impacts
of the energy revolution on the following four
aspects: energy supply, industry and capacity
conversion, investment, and employment.

(1) The energy revolution changes the energy
supply system by transforming production and
innovating new energy supply technologies to
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safeguard national energy security. The shift in
production from centralised generation to an
optimal combination of centralised and dis-
tributed energy improves efficiency and encour-
ages the development and use of clean energy.
Technology advances are reflected in the devel-
opment and deployment of the Energy Internet
(Internet +). Internet + is a combination of
complementary energy sources in an optimised
mix of centralised grids and distributed energy
networks that is low carbon and intelligent. With
support from Energy Internet technologies,
demand response becomes a crucial forcing
mechanism to accelerate supply-side change and
improve energy management. In the Recom-
mended scenario, China’s energy imports will
continue to rise in the short term, but as renew-
able energy and nuclear power advance, China’s
dependency on energy imports will fall.

(2) The energy revolution drives change in the
energy system and guides development of the
energy industry. As coal will continue to domi-
nate China’s short-term energy mix, low-carbon
energy and clean coal should be the focus in the
near future. The oil and gas sector will concen-
trate on innovating greener technologies and
accelerating the exploitation of unconventional
resources. China will make vigorous efforts to
drive the development of clean energy. It will
invest more in technology innovation to lower
costs and improve energy efficiency. Power
conversion will be cost-efficient, clean and green.
It will replace fossil fuels with clean energy and
increase the amount of electricity in end-use
consumption.

(3) The energy revolution drives the energy
industry to invest in clean energy and the cleaner
use of fossil fuels. To deliver the energy strategy
of a diversified supply system, the participation
of various types of investor is needed.

(4) The energy revolution will make the
structural imbalances in the labour market more
severe. There will be more job opportunities for
highly skilled people, but rising unemployment
for those in the conventional energy sector. This
applies to those regions and provinces that rely
on conventional energy, less so on those devel-
oping new energy sectors. It may force some

provinces to carry out an energy transition and
reduce their dependence on conventional energy.
So doing would spur their economy, ease
unemployment and make for healthier and more
stable development.

2 Precedents and Prospects
of International Energy
Revolutions

2.1 Energy Companies in Transition

—Responses to Future

Trends

2.1.1 Introduction

Strategies and organisational structures within
the oil and gas industry are the result of historical
market conditions that are likely to change over
the coming decade. Oil and gas markets have
traditionally been characterised by rising demand
and prices. This has led companies to focus on
megaprojects that require intense coordination.
As a result, pyramid organisational structures
with multiple levels of oversight have become
the industry norm. However, the oil and gas
industry faces large structural shifts that can
affect its organisational and strategic structures in
the future.

Specifically, two trends are likely to trigger
change. First, structurally lower oil and gas prices
are becoming increasingly likely. This is due to a
combination of technology and policy that increa-
ses supply and reduces demand. Supply is increas-
ing as horizontal drilling and hydraulic fracturing
techniques are diffused and climate policies—to-
gether with energy efficiency improvements—
curb demand. Second, technology disruptions in
energy markets are becoming more likely. Digital-
isation and innovations in decarbonisation will
increasingly change how energy is produced and
consumed, which will ultimately lead to changes in
existing markets.

Oil and gas companies have already begun to
adjust their strategies and organisational struc-
tures. The industry is currently characterised by
two strategic themes. First, oil and gas compa-
nies, including Equinor, Total and Shell, have
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begun to invest in renewable energy technolo-
gies, such as solar and wind, to diversify their
portfolios. Second, companies are shifting their
hydrocarbon investments away from conven-
tional mega-ventures towards smaller more
flexible projects, such as shale wells, which can
be scaled up or down in response to market
changes. These strategic changes have been
accompanied by organisational adjustments.
New, smaller investments are more reliant on
trial and error, agile local teams and rapid coor-
dination. Recognising this, oil and gas companies
like BP and ExxonMobil, are adopting flatter
organisational structures that allow for greater
local autonomy.

However, oil and gas companies are at the
start of a long journey. It is, therefore, useful to
study responses in comparable sectors that have
faced similar structural shifts for longer. The
postal and power sectors are good examples as
they, like oil and gas, are heavily regulated,
capital-intensive industries dominated by large
state-owned enterprises. Furthermore, they have
faced structural shifts similar to those expected in
oil and gas. The postal industry has faced falling
letter volumes in the past decade and companies
in the sector have already adapted their organi-
sational structures and strategies. Likewise, the
electric utility sector can be seen as a frontrunner
for oil and gas; it has long been challenged by
large technology disruptions in the form of
increasingly price competitive renewables. These
parallels make postal and power companies’
useful cases for exploring future strategic and
organisational changes in the oil and gas
industry.

The postal and power cases show that
company-specific motives and context can lead
to different but rational strategic responses to the
same structural shift. Some companies, such as
United States Postal Service (USPS) and RWE
(circa 2004), changed very little in response to
structural shifts, while others, such as Deutsche
Post and DONG Energy (now Orsted), trans-
formed or diversified their companies com-
pletely. Little strategic change was observed
in situations where owners valued security of the
existing service and nearer term profits. In the

case of USPS and RWE in the early 2000s, their
strategy was to harvest the short-term value of
legacy assets. In companies, such as the UK’s
Royal Mail—where stakeholders  valued
longer-term profitability but were constrained by
regulation, conflicting interests or limited capital
—business strategy focused on streamlining and
redirecting resources to new capabilities. In cases
where owners sought to expand the business, had
relevant capabilities and sufficient capital, the
strategic shift was more aggressive than for those
acting later or facing resistance. As an example,
both Deutsche Post and DONG Energy moved
early and used rents from legacy activities to
finance their strategic transformation to interna-
tional logistics and offshore wind respectively. In
contrast, late movers such as RWE and
Innogy SE suffered from capital constraints,
which slowed their strategic transition.
Organisational change needs to align with the
adopted strategies and business models. In all our
cases, companies started out with relatively
hierarchical, top-down organisational structures.
Where the strategic focus remained on the tra-
ditional business model, as with USPS and
RWE, organisational change was limited to
making the prevailing structure more effective.
Where new business growth was the main pri-
ority, all companies first ensured some separation
between new and old—this gave the new busi-
ness sufficient autonomy to grow. Where new
businesses had similar underlying characteristics
to the traditional business, as with Royal Mail
and DONG Energy, organisational change
focused on reorienting the existing structure and
flattening the hierarchy, but not on a radical shift
to a horizontal structure. In contrast, radically
new product or service models involved
far-reaching organisational change. As Deutsche
Post transformed from a German mail delivery
firm to an international logistics company it also
changed its organisational model. Notably, it
shifted focus from production to consumers and
organised itself around a series of relatively
autonomous divisions supported by cross-cutting
service divisions. Innogy’s split from RWE in
2016 resulted in a more radical turn towards
business unit autonomy focused on customers,
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allowing a more agile shift in investment across
units based on results.

Motive and context will likely determine how
Chinese oil and gas companies respond to lower
prices and new technology disruptions. Drawing
on the postal and power cases, four archetypes of
potential strategy response arise:

o Supply security focused harvesters: These
companies ensure supply security or
near-term employment, and harvest value
from legacy assets during the transition per-
iod. However, as was the case with USPS,
they face the risk of shrinking considerably as
the market changes around them.

e Constrained niche growers: These companies
have aspirations for growth, but regulation or
capital constraints prevent them from moving
beyond conventional oil and gas business
areas. They focus on streamlining their core
functions and growing within niche markets
such as chemicals.

e Dividing conquerors: Acknowledging the
potential for misaligned internal incentives,
these companies split into two with one
focused on harvesting value from legacy
hydrocarbon assets to deliver near-term sup-
ply security, dividends or employment, and
the other focused on delivering long-term
growth by developing new technologies or
wider energy sector diversification.

e Transformative diversifiers: In contrast to the
above, these companies move quickly to a
new energy service model, catalysing change
and gradually selling off their least profitable
legacy assets to finance the transition. They
have the potential to deliver long-term growth
but are riskier; supply security, employment
and profitability outcomes are uncertain.

The different archetypes for oil and gas
company strategy will be accompanied by sev-
eral organisational considerations. Supply secu-
rity focused harvesters will likely maintain a
top-down approach with central control of big
decisions. In contrast, constrained growers will
have to enable agile decentralised units to

efficiently capture niche markets. Their central
functions will be focused on portfolio optimisa-
tion, as well as asset management and organisa-
tional efficiency. Companies that face significant
internal cannibalisation between old and new
business units will likely become dividing con-
querors. Like Royal Mail and DONG Energy,
these companies will strategically and opera-
tionally split, but could be managed as a con-
glomerate  that  carries over  existing
organisational strengths. Finally, transformative
diversifiers will likely adopt more horizontal
organisations structured around energy services
rather than production. Like Deutsche Post, their
organisations will likely be flatter with a series of
relatively autonomous units supported by service
divisions that leverage synergies across the
group.

Motive and context are not set in stone but
controlled by stakeholders, and the Chinese gov-
ernment can therefore shape strategic and organ-
isational outcomes in its oil and gas industry. As
the owner of national oil companies, the Chinese
government can shift the motive driving strategic
and organisational change. Supply security
requirements could be lifted by reducing fixed
reserve targets; incentives to maintain unproduc-
tive workers could be minimised by reducing local
political oversight; and near-term profitability
motives could be eased by adopting longer-term
key performance indicators for managers. Fur-
thermore, as a regulator and key stakeholder, the
Chinese government influences the context in
which oil and gas companies will respond to
structurally lower prices and technology disrup-
tions. For example, capacity development could
be supported through public-private R&D
schemes, regulatory constraints could be reduced
by lifting natural monopolies, and capital limita-
tions could be minimised by providing policy
clarity (this would allow rents from legacy assets
to be channelled sooner towards financing new
investments). An important lesson from both the
postal and power sectors is that the government is
key in setting the conditions that determine
strategic and organisational change. Policymakers
who recognise this will be able to directly or
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indirectly shape the future of the Chinese oil and
gas industry.

2.1.2 Future Trends in the Oil and Gas
Industry

The oil and gas sector faces new trends that could
induce change in business strategy and compa-
nies’ organisational structure. Trends have
always arisen to create new challenges and
opportunities in the oil and gas sector, as the
discovery of new resources, technologies and
political shocks have changed the fundamental
characteristics of the market. For example, the
emergence of powerful state-owned oil compa-
nies in the 1960s and 1970s forced many inter-
national o0il companies to transform their
business models to focus on megaprojects in
hard-to-reach places. The future appears to hold
even more substantial changes due to advances in
technology and decarbonisation, which have
already begun to affect energy markets and will
become more prevalent over time. Oil and gas
companies are already considering changing their
strategies and organisational models in response
to these trends and will need to continue to do so
in the future.

This report focuses on the two main trends
facing the oil and gas sector: (1) structurally

e Structurally lower prices

n P]ateauing or fd"ing demand
m Increasing supply

%@': More technology disruptions
m Digitalisation — smart systems, loT, etc.

m Decarbonisations — low-carbon fuels

and power, energy productivity, efc.

lower oil and gas prices, and (2) an increasing set
of disruptive technologies. The trend of struc-
turally lower prices reduces margins and makes
high-cost supply uncompetitive. It is already
occurring, as new shale resources continue to
increase supply, and is likely to strengthen as
decarbonisation policies reduce fossil fuel use.
Several technology disruptions are also impact-
ing the sector, including those driven by digi-
talisation and increasing low-carbon R&D flows.
These can rapidly shift value within the energy
sector, which will require oil and gas companies
to be more versatile if they are to capitalise on
opportunities in areas of new value and avoid
risks in areas of declining value. This report
examines the broad impact of these shifts in
business strategies, and the implications for
future organisational change within oil and gas
companies (Fig. 1).

Companies will need to understand the
implications of these trends and how to respond
best to them in order to thrive. It is possible to
draw parallels between the trends facing the oil
and gas industry today and the trends that other
sectors have already experienced and responded
to. This report aims to use the learnings from
cross-sectoral responses to better understand the
possible set of strategic and organisational

9
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Fig. 1 Structural shifts will alter the business strategies and organisational structure of oil and gas companies
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responses of oil and gas companies to struc-
turally lower prices and increased technology
disruption, as well as the factors that will affect
those responses.

(1) Current strategies

Current strategies and organisational structures
within the oil and gas industry have been shaped
by historical market conditions. The main strat-
egy employed in recent years has been the
development and management of megaprojects
with large volumes of recoverable resources: in
2005, 60% of oil production was from giant
fields of more than 0.5 billion barrels of recov-
erable resources. This focus on quantity has been
driven by the historical trends of growing
demand and generally increasing, if fluctuating,
prices, as seen in Fig. 2. Given these trends,
replacement ratios have been of key importance
for oil and gas companies, which have focused
on accumulating reserves and been less con-
cerned about the cost of extracting those
reserves.

Effectively deploying large, complex projects
requires extensive coordination that has encour-
aged pyramid organisational structures with
multiple layers of oversight. These megaprojects
are technologically demanding and usually
involve complex multiparty relationships, as well
as high commercial and environmental risk.
Given these features, a pyramid structure that

Historically, markets have been lucrative and growing. ..
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Fig. 2 Megaprojects, and the pyramid organisational
structure that facilitates them, have been motivated by

historical trends. Note Giant fields are defined as having

allows for strong oversight is required to ensure
all aspects of the project are under control and
that coordination between them is achieved.

(2) Structurally lower prices

Rising supply from unconventional sources and
plateauing demand make it likely that prices will
remain lower for longer. Recent advances in
drilling technology, such as hydraulic fracturing
and horizontal drilling, have made new oil and
gas resources available. This has shifted the
global supply curve outwards, putting downward
pressure on prices, and is likely to continue as
these technologies are deployed globally.

The economic logic for this is described in
Fig. 3, where a shift out of the supply curve and
a contraction of the demand curve can lead to
significantly reduced producer surplus, illus-
trated by the difference in size between the
original red area of producer surplus and the
new blue area. This is accentuated by the
steepness of the global oil and gas supply curve
at the higher levels of quantity—this means that
a small fall in demand can cause the price and
surplus to fall rapidly.

There have already been sharp falls in oil and
gas prices in recent years, demonstrating the
potential for structurally lower prices. The trend
is already in place. Oil prices have been consis-
tently around $50 per barrel since 2015, as US oil
shale resources have contributed to a supply glut

... this fostered megaprojects and pyramid organisations
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more than 0.5 billion barrels of recoverable resources.
Source International Energy Agency, BP, Robelius (2007)
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Fig. 3 The trends of the oil and gas industry will likely result in significantly tighter margins for producers. Source

Vivid Economics
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Fig. 4 The fall of oil prices in late 2014 coincided with sharp drops in the share price of major oil companies. Source

BP, Google Finance

that has driven down prices to pre-2005 levels.
The overall impact of this on oil and gas com-
panies can be seen in their share price during and
after the final quarter of 2014 in Fig. 4. The
average share price of five major oil and gas
companies fell by more than 30% from 2014 to
the trough in 2016 and has yet to recover.

New, relatively low-cost supply sources are
becoming increasingly available as technology
improves, driving production above predicted
levels. New technologies have reversed

persistent declines in production and have
exceeded historical expectations, as illustrated in
Fig. 5. The U.S. Energy Information Adminis-
tration (EIA) forecasts for oil production in both
the 2002 and 2012 Annual Energy Outlook did
not fully anticipate the impact that new fracking
methods would have on increasing tight oil
supply, as conventional oil production has con-
tinued to diminish. The result has been a near
doubling of oil production from its trough in
2008 to its peak in 2015.
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Fig. 5 New tight oil sources have pushed total US oil production to heights that exceeded forecasts. Note Total US oil
production includes conventional and tight oil. Source EIA (2017)

The low-carbon transition will reduce demand
for fossil fuels in favour of low-carbon alterna-
tives over time. Decarbonisation has been an
increasingly important priority in energy in
recent years and now has widespread support, as
demonstrated by the signing of the Paris Agree-
ment in 2015. As a result, policies are in place
globally to phase out fossil fuels and promote
low-carbon energy sources. Figure 6 shows
potential pathways for primary oil and gas
demand in two EIA scenarios: a reference sce-
nario that reflects the world’s announced decar-
bonisation policies and a 2-degree scenario
(2DS), which assumes additional policies to limit
global warming to 2°C. In the reference scenario,
demand for oil and gas rises, but if additional
policies are put in place to limit global warming
to 2°C as intended, then demand for both oil and
gas is expected to fall sharply in the future. This
reduction in oil and gas demand due to decar-
bonisation will likely reduce prices, and so con-
tribute to structurally lower prices.

In a future of structurally lower prices, the
decision of whether to divest or diversify into
new areas will gain greater importance. Oil and
gas companies face the risk of lower margins in
their main areas of operation. As a result, there
may be value in pursuing strategies such as
divesting or diversifying to attempt to maintain
profits in the future. The potential strategy

options and the factors that induce different types
of responses are discussed in Sect. 2.1.3.

(3) Disruptive technologies
Disruptive technologies are shifting the sources of
value in energy markets, driven by digitalisation
and decarbonisation. Digitalisation is the auto-
matic collection of large quantities of data and the
application of computing power to the data to
enable better decision-making. Its use in other
(non-energy) sectors has driven rapid advances.
Collecting big data with remote sensors is already
prevalent in the oil and gas industry, and there is
enormous potential for digitalisation in other areas
of the energy system through smart technology
that enables dynamic, autonomous energy sys-
tems. Decarbonisation policies have increased
R&D spending (01.2.7) and raised market
expectations about the long-term value of new
innovation across various parts of the energy
system. This has resulted in major advances,
including those related to power generation (like
wind and solar), oil and gas exploitation (floating
liquefied natural gas and advanced seismic anal-
ysis for oil and gas exploration), and energy
demand (electric vehicles and smart homes with
demand-side response).

This has created opportunities and risks for
the oil and gas sector. The impact of these
technologies, whether marginal or revolutionary,

will have repercussions on oil and gas
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companies. For example, sensors on drills are
collecting masses of high-quality real-time geo-
logical data that allow for more cost-effective
extraction. Smart grids can better coordinate
decentralised variable generation and minimise
curtailment rates—this makes renewables more
productive and reduces the need for fossil fuel
peaking plants to balance the energy system. And
reductions in carbon capture and storage
(CCS) costs could make the large-scale use of
gas in power and industry low carbon (Fig. 7).

(4) Initial responses

Oil and gas companies have started to adjust their
strategies, shifting towards smaller-sized projects
and investing in renewables. Structurally lower
prices and technology disruption have already
begun to appear and affect the oil and gas

industry, driving initial responses. Some major
companies have begun to integrate renewables
into their portfolio to gain presence in a market
that is rapidly growing, thanks to widespread
policy incentives and improving renewable
technologies—both Equinor and Total have
made recent renewable energy investments.
There has also been a shift away from the his-
torical focus on megaprojects, as shown in
Fig. 8. Investment in smaller fields has been
consistently higher since 2009 and is expected to
continue into the near future as flexible shale
projects and lower extraction costs become
increasingly prominent in a future of lower
prices.

These changes in strategy have also led to
organisational adjustments—this has been
prominent as companies have implemented more



Special Report 1: A Study of China’s Energy Supply Revolution 57

55%
@ AN\ Small projects
o : \ - (Less than 300 million
L / \ barrels)
= 4 \ 3
S 5% . \ 5
° S\ / / 4 i
g ¢ -\:z- / 4 fr;)'
G N o’ /
=
a
w  35%
=
2 :
5 Megaprojects
- (More than a billion
ke barrels)

25% T T : i

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Fig. 8 Investment in smaller projects has been greater than investment in megaprojects since 2009. Source Rystad

Energy, Bloomberg (2017)

shale projects. Successful shale projects rely on a
very different approach to that of megaprojects.
Shale projects are smaller and far less complex
but require trial and error and multiple iterations
to be successful. This is more suited to a flatter
organisational structure with agile, local teams
and rapid coordination between business devel-
opment and exploration divisions. Given this,
large companies have tended to separate their
shale operations into autonomous subsidiaries to
preserve the flatter structure that makes them
successful, rather than integrate them. This is just
one example, but the expectation is that oil and
gas companies will be faced with scenarios of a
similar nature and possibly on a larger scale.

2.1.3 Case Studies of Responses
in Other Sectors

(1) Introduction

The prevailing structural shifts that are facing oil
and gas are not unique—other sectors have
already experienced and responded to similar
transitions. The postal sector has faced struc-
turally lower demand since the early 2000s due
to steadily declining letter volumes. Letters have
historically been a major source of value, and
their decline has had a severe impact on the
financial performance of postal companies.
Power generation utilities have faced disruptive

technologies in the form of ever-cheaper renew-
able generation backed by favourable policies,
impacting the profitability and longevity of their
traditional assets.

Figure 9 shows the perspective we are taking
for the case study analysis: structural shifts can
lead to changes in business strategy, which then
motivate change in organisational structure. The
trends of lower prices and increasing technology
disruptions have caused fundamental structural
shifts in the postal and power utility sectors.
Companies have employed a range of business
strategies to respond to these trends and subse-
quently have often had to adjust their organisa-
tional structure to facilitate their new strategies.
We analyse the response of each company at
specific points in time to better understand the
factors influencing their adoption of different
strategies in response to similar sector-wide
trends.

These cases provide examples of how the oil
and gas industry can respond to trends, and what
the outcomes of different responses may be.
Studying other sectors that have experienced
similar price and technology trends can help to
guide the future strategy and organisational
decisions of oil and gas companies. It provides
an understanding of the potential consequences
from different types of responses and the factors
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that motivate these responses, particularly when
there is no clear dominant strategy for adapting
to these structural shifts (Fig. 10).

(2) Motive and context framing

The cases show that company-specific motives
and context can lead to a range of different but
rational responses to the same structural shift.
Companies can rationally have different strategy
responses to the same trend if they face different
decision factors, namely the motive of the own-
ers and context of the company. For example,

even if two companies have the same motives
and overarching goals, the different regulatory
environments each faces may force them to
choose different strategies in response to a trend.
The motive of a company is derived from the
owners and broadly encompasses the desire to
maintain service and employment security, the
time preferences of cash flows (the weight placed
on profit today versus profit in the future) and
whether the risk preferences of the company are
suitable to encourage expansion into new areas
of value. The context of a company is the
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operational conditions that affect its ability to
implement different strategies—this includes the
regulation it faces, internal or external capital
constraints, and the potential synergies between
current business areas and future ventures.

We have analysed the different responses of
three companies in each sector. Understanding
the motive and context allows for the outcomes
of each company’s response to be understood
holistically and deeper parallels to be drawn to
the potential future responses of the oil and gas
industry.

Two companies demonstrate a relatively
minimal response, with a continued focus on
improving their current business through the
existing organisational model. USPS, protected
by a monopoly on letters but banned from
entering new non-postal markets, represents the
minimal response or “hold firm” approach to
industry-wide trends, both in terms of business
strategy and organisational structure. RWE is the
parallel example in the utilities sector, preserving
a focus on its traditional assets rather than on
integrating renewables.

Our four other cases all chose to split their old
from their new businesses organisationally,
although in different ways. Both the UK’s Royal
Mail and Innogy were legally split from larger
companies to help them reorient their business;
Deutsche Post split its businesses organisation-
ally but did not divest; while DONG Energy
separated its businesses and then divested old
business units.

Two companies pursued business strategies
that led to a deep shift towards flatter, less hier-
archical organisations. Innogy was separated
from RWE in 2016 to focus on new energy
markets and has taken measures to increase the
autonomy of its business units (based on target
customers) and enable more agile investment and
divestment in rapidly changing markets.
Deutsche Post was privatised in 2000; it then
diversified from its former core business, both
geographically and in terms of products offered.
To support this, it took an organisational shift
towards decentralised and autonomous divisions.

Two other companies pursued quite different
business strategies, with both seeking to change

their organisations, yet without radically chang-
ing their organisational structure. Royal Mail was
unbundled and privatised in 2013 to increase
focus on competitive mail and parcel services;
and it took a range of measures to de-layer the
organisation, reduce operational costs and reori-
ent its corporate culture and processes towards
customer service. DONG Energy is an even more
extreme example of business strategy change,
completely divesting its oil and gas exploration
assets to focus on offshore wind generation.
While this was accompanied by various changes
in organisational culture and responsibilities, it
has not (yet) resulted in the degree of diversifi-
cation and decentralisation seen in Innogy and
Deutsche Post.

Table 1 illustrates the role that motive and
context plays and the general response arche-
types that each of our cases falls into. In response
to structural shifts, companies within the same
sector and facing the same shifts have chosen
alternative strategies, due in part to their differing
motives and context. This has led to a range of
outcomes and organisational shifts—oil and gas
companies facing their own unique motives and
context can learn from these cases to better guide
their future responses.

(3) Lessons from the case studies—the postal
sector

(1) United States Postal Service (USPS)

The US government’s priority was for USPS to
provide service security. This motive, combined
with legislation that constrained USPS to its
existing core business areas, meant the business
strategy and hierarchical structure remained
unchanged in response to declining letter volumes.

e Context: The Postal Accountability and
Enhancement Act of 2006 was passed after
USPS posted several years of strong earnings.
This act prevented diversification into
non-postal  areas due to  potential
cross-subsidisation, with monopoly earnings
leading to unfair competition and market
distortion. However, the timing of this act
was unfortunate, as mail volumes began to
decline from 2006 onwards.
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e Motive: The motive of preserving service
security subsequently led to Congress vetoing
cost-cutting measures, such as ending Satur-
day deliveries and closing the least busy post
offices, despite the obvious cost savings.
Workers’ benefits have also been given high
priority over profitability, as evidenced by the
$51.8 billion USPS has had to spend to pre-
fund pensions for its future workforce. The
price of postage is also regulated and is lower
than all the major European postal compa-
nies, placing further pressure on USPS’s
margins.

o Strategy response: Combined, the above
factors have resulted in USPS not adopting a
clear strategic response to structurally lower
letter volumes. USPS has remained in its core
business areas, with falling letter volumes and
strong competition in parcels continuing to
place pressure on margins. Basic cost-cutting
measures, such as reducing headcount, have
been implemented, but have not been suffi-
cient to offset the declining value in core
businesses. However, supply security has
been maintained and the price of postage
remains low.

e Organisational  structure: ~ USPS  has
remained a government-controlled and regu-
lated monopoly with a top-down hierarchical
structure. This multi-layered structure pro-
vides strong oversight of operations and

core capabilities

drives uniform operational improvement,
creating high levels of efficiency (USPS has
half the workers per unit of mail compared
with Deutsche Post), albeit within a declining
market (Fig. 11).

(2) Royal Mail

The UK government’s motive in 2011 was
returning Royal Mail, which was balance sheet
insolvent in 2011, to profitability. This involved
the separation and privatisation of the postal
service from the postal infrastructure of Royal
Mail, which allowed for cost-cutting, delayering
and a customer-orientated service culture that
returned the postal service to profitability.
Growth beyond its core areas has been limited by
capital constraints, although Royal Mail has been
exploring other markets.

e Motive: The UK government was focused on
returning Royal Mail to profitability after four
years of pre-tax losses from 2008-11 that
made it a growing liability for the govern-
ment. Royal Mail has had to contend with
declining letter volumes since 2004, the loss
of its monopoly in letters in 2006 and, more
recently, intense competition in parcels from
other European postal operators.

e Context: Four consecutive years of losses
created internal capital constraints that were
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Fig. 11 USPS remained
under government control
with a top-down regional
structure that helped promote
efficiency in a large operation.
Source Vivid Economics

exacerbated by the stigma of using public
funds for investment. As a government-
owned company, Royal Mail was bound by
strict regulation that made it difficult to
renegotiate contracts or alter services. It
maintained a universal service obligation that
further limited its ability to diversify from its
core letters business. It also had a pension
plan that accrued large liabilities during the
financial crisis of 2008, which contributed to
making the firm insolvent.

Strategy response: The response was the
separation and privatisation of the postal
service from the post offices, which remained
under public ownership. The government had
to take up the pension liabilities of Royal
Mail to make its balance sheet solvent and
enable privatisation. This enabled Royal Mail
to reorient its core business, focusing solely
on the service delivered to customers and
implementing intense cost-cutting measures
that resulted in the closure of a third of mail
processing centres and a 10% reduction in
headcount after privatisation. These measures
were successful in returning the core business
areas to profitability, despite minimal revenue
growth from 2011 to 2017. However, Royal
Mail has not yet been able to significantly
diversify, and cost-cutting is unlikely to be a
long-term strategy for generating profits.
Royal Mail has begun to invest in other

Regional heads

geographies and logistic services. These
investments have been small due to the con-
straints of its low capital reserves and
dependence on external financing, which
prevent large-scale acquisitions of the like
Deutsche Post made in the early 2000s.

e Organisational structure: The separation of
the postal service and infrastructure arms
allowed for more distinct business models to
be implemented. By the Post Office arm
remaining in public hands, Royal Mail
ensured it could act as network infrastructure
for all postal companies, preventing wasted
investment and the potential formation of a
natural monopoly. The new, service-focused
Royal Mail was able to take advantage of its
less stringent regulatory environment to
implement targeted cost-cutting and invest-
ment. To assist in this, Royal Mail brought in
a CEO, with significant experience of the
public-private transition, to reform the regu-
latory context and ultimately make the com-
pany more profitable (Fig. 12).

(3) Deutsche Post

Deutsche Post began a large programme of acqui-
sitions to diversify its business after it became clear
that its domestic market would be threatened by
changing legislation. It benefited from favourable
timing and had significant cash flows from its tra-
ditional business areas, allowing it to finance its
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Fig. 12 Royal Mail was

separated from the Post Office “
and privatised to facilitate

intense cost-cutting. Source

Vivid Economics
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acquisitions internally. It also created divisions
with a customer focus and increased divisional
autonomy, while demonstrating organisational
flexibility to maximise synergies across its
increasingly broad areas of business.

e Motive: EU directives led to Germany pass-
ing new laws to promote greater competition
in its domestic postal market in 1997, making
Germany the leader in postal market liberal-
isation in Europe. At the time, domestic post
accounted for more than 75% of Deutsche
Post’s revenues. Hence, Deutsche Post was
motivated to expand into new value areas,
both geographically and within logistic ser-
vices, to preserve profits as domestic com-
petition inevitably increased.

e Context: Deutsche Post benefited from favour-
able timing. Its transition was motivated by leg-
islation, rather than by declining letter volumes.
Consequently, it still had the large internal cash
flows needed to undertake large acquisitions. Its
privatisation in 2001 also afforded it the freedom
to undertake radical strategies.

e Strategic response: Deutsche Post made

— KN

ne

seansnans

Ro
Mail Ltd

following its privatisation in 2001. DHL had
expertise in international express delivery and
a developed postal network across the USA
and Europe, while Excel made Deutsche Post
a major player in supply-side logistics.
However, such an extreme strategy comes
with inherent risks, as evidenced by Deutsche
Post discontinuing its domestic express ser-
vice in the USA and incurring $3.9 billion in
restructuring costs as a result in 2009.
Organisational structure: Deutsche Post has
demonstrated flexibility in its organisational
structure as it has sought to increase the
autonomy and customer responsiveness of its
divisions. Similar divisions in new acquisi-
tions were combined to create more efficient
networks, and a shift from a three-tier to a
two-tier management structure allowed for
greater responsiveness to consumer demands.
Deutsche Post also formed cross-cutting ser-
vice divisions to maximise synergies across its
new business areas, and a global services unit
was introduced in 2006 to provide support
across all divisions (Fig. 13 and Table 2).

several large acquisitions that transformed it
into a major global logistics company. It
made smaller acquisitions in the late 1990s
(Danzas and Air Express International) before
acquiring DHL and Excel in 2002 and 2005
respectively for more than €8 billion

(4) Lessons from the case studies—the utilities
sector

(1) RWE

RWE had a large stock of lignite, coal and
nuclear assets in 2004 that were low cost,
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Fig. 13 Deutsche Post imposed a flatter organisational structure and central service divisions to maximise synergies.
Source Vivid Economics

Table 2 There have been diverging responses among utility companies in response to a similar trend

Harvest rents Menopoly culture Hold firm Little or no change
Legacy assets provided History of being a Litfle investment in alternative  Assets and organisational
% high returns which made it  regional monopoly had  generation technologies while  structure largely remained the
RWE diﬂicufl o justify made management less  legacy assets were same up until the separation
alternative investments adaptive to change maintained and upgraded of Innogy
e — e —— = .
Clear green trend Split and Reorient Division and divisions
@ :'ursun mzwf Anfi‘nug:cr laws and Innogy pursues renewables Split from “dirty” business as
o . w;:?::m s ?anerul German policy  and grid opportunities in a separate enfity, removing
[] Innogy in grids and infrastructure, ostered widespread frust  Europe and abroad, while issues of cannibalisation and
tail and renewables  in renewable energy pursuing access o new enabling a flatter, more agile
e finance portfolio of holdings
L ——

Pursue growth Skill and certainty Transformation Organic revamping
Subsidies created rents Demand certainty and DONG (now @rsted) moved ~ Wind was initially added as a
m in offshore wind while taxing offshore E&P steadily to completely shift its  separate division which then
conventional generation  expertise limited barriers  business from il and natural  grew, drawing on a
became less profitable to new investment gas to offshore wind transforming, the existing
organisation

Source Vivid Economics

delivered high returns and provided employment that could better focus on managing these con-
in key shareholder municipalities. Despite new centrated, large-scale assets.

legislation introduced in 2004 promoting

renewables, RWE held firm and planned to e Motive: In 2004, renewable capacity in Ger-
increase its lignite generation capacity. Hence, many was noteworthy, but seemed unlikely to
RWE kept a centralised organisational structure displace the extremely low-cost baseload
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power provided by lignite and nuclear gen-
eration, which had high returns. In addition,
German municipalities owned 24% of RWE
and relied on the local employment from
lignite and coal assets. The employment from
lignite generation was also a political tool,
leading many politicians to support its use
and protect its role in the German energy
system, which further disincentivised RWE
from diversifying into other technologies.
Context: RWE had already invested in
improving and expanding its traditional asset
base, locking capital into assets with long
lifespans. RWE’s previous status as a regional
monopoly also fostered a culture of inaction
and risk aversion. This was further accentu-
ated by RWE’s history of large cashflows and
dividends that investors were not prepared to
compromise.

Strategic response: RWE did not make any
significant additions to its renewable capacity
from 2004-10, instead it continued to focus on
its legacy assets. In 2004, RWE considered
Germany to be “at the beginning of a long-term
investment cycle” and the plan was to replace
old power stations with more efficient versions,
rather than branch off into alternative generation
methods. In its 2004 annual report, RWE men-
tioned the new renewable energy legislation
solely in terms of the monetary burden it would
place on the company, rather than the opportu-
nities it offered. Consequently, in 2005 RWE
announced plans to spend €3.5 billion on two
projects to install 3.6 GW of new, optimised
lignite generation capacity, which were among
the largest projects ever planned in RWE’s
history. However, as renewable energy capacity
increases at unprecedented rates, RWE has been
forced to adopt a harvester mentality, with the
aim to derive as much value as possible from its
large legacy asset base that will be gradually
phased out of Germany’s power system.
Organisational structure: RWE maintained
the centralised management structure that
oversaw its conglomerate of business areas.
For its traditional large-scale assets, this
allowed for efficient management, but it
constrained the autonomy, flexibility and

organisational development of its new energy
areas and made investment and growth more
difficult.

(2) Innogy

Innogy was separated from, but still
majority-owned by, RWE in 2016. It contained
the green assets of RWE, as well as the network
and retail businesses. The motivation for this
change was for Innogy to be able to pursue
growth opportunities in renewables and other
markets without being constrained by the grow-
ing liabilities of RWE’s legacy assets or conflicts
of interest. By splitting from RWE, Innogy was
free to attract fresh investment and implement an
organisational structure focused on energy ser-
vices to better serve its new markets.

e  Motive: Innogy was split from RWE in order
to chase growth opportunities. RWE as a
whole struggled to come to grips with the
changes it was facing and lacked flexibility
due to the capital it had invested in its legacy
assets.

e Context: German renewable energy policy
had motivated an unprecedented uptake of
renewables that has completely altered the
state of the energy system—it was clear that
the future trend in Germany was one of mass
renewable energy generation. In addition, the
Fukushima nuclear incident in 2011 resulted
in a moratorium on nuclear generation and
even greater support for renewable power as a
clean alternative.

e Strategic response: Innogy has marketed
itself as a highly innovative company and is
pursuing renewable energy opportunities
internationally. It is attracting financing as a
longer-term investment, which would not
have happened if it were still bundled with
the legacy assets of RWE, which represent
more of a short- to medium-term investment.

e Organisational structure: Innogy was sepa-
rated as a partially owned subsidiary of RWE.
This removed any association it previously
had with the declining legacy asset base of
RWE, although 75% of the shares remain in
RWE’s hands. Separation afforded Innogy the
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Fig. 14 Once Innogy was separated from RWE it adopted a consumer-focused structure, aligning its divisions with

areas of the value chain. Source Vivid Economics

freedom to pursue its new energy service
strategy and reorient the organisation
accordingly. Innogy restructured itself in
accordance with the different levels of the
energy value chain to align with the demands
of the end consumer rather than those of
production. It also gave units a greater degree
of autonomy (flattening the organisational
hierarchy), while also pursuing a portfolio
approach, whereby investment across those
units could be ramped up or down depending
on their relative success (Fig. 14).

(3) DONG Energy

DONG Energy (now Orsted) is majority-owned
by the Danish government. The company was
motivated to pursue offshore wind technology as
a reliable source of domestic clean energy to
offset declining profits in conventional genera-
tion and also develop a new potential growth
market.

DONG Energy’s expertise in offshore oil and
gas exploration and its experience in pilot off-
shore wind farms made it ideally placed to
aggressively shift its business focus from oil and
gas to offshore wind. The company had to
change its organisational structure to accommo-
date this new business area: offshore wind was
first added as a division under the CEO to
develop, before later becoming the main focus of
the company.

e Motive: Denmark has ample offshore wind
reserves and has long promoted wind power
with strong domestic subsidies. Declining
electricity prices in the Nord Pool power
market and fluctuating demand levels reduced
thermal generation earnings, making the
subsidies and secured earnings from wind
generation more appealing.

e Context: DONG Energy had the necessary
skills to drive the development of the offshore
wind market. Its offshore oil and gas expertise
was easily transferrable and it gained signifi-
cant experience developing offshore wind
farms from its merger with Elsam in 2006,
mitigating the risks and barriers to investment.

e Strategic response: DONG Energy managed
to completely transform its main area of focus
from oil and gas production to offshore wind
generation. Having already completed several
medium-sized pilot projects in Denmark in
the early 2000s, DONG Energy began seek-
ing out larger opportunities that resulted in an
agreement with Siemens in 2009 to buy 1.8
GW of wind turbines. The sheer size of this
deal enabled economies of scale to develop in
production and deployment and it marked the
start of DONG Energy’s commitment to
pioneering offshore wind technology. Since
2009 DONG Energy has been involved in the
largest offshore wind farms in Denmark
(Anholt, 400 MW) and globally (London
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Array, 640 MW) and has won the bid to
deliver the world’s first offshore wind farm of
more than 1 GW (Hornsea Project One, 1.2
GW).

e Organisational structure: Offshore wind was
formed as a special division under the CEO to
prevent conflict of interest with other areas
and to ensure that targets were set appropri-
ately for a developing business area. At the
same time, DONG Energy was able to use the
existing organisational structures and capa-
bilities from its oil and gas exploration busi-
ness—scouting, construction and  asset
management—which were well suited for
offshore wind projects. As the wind division
expanded and traditional assets were divested,
a more consolidated organisational structure
emerged with a focus on the growth of the
green businesses and an integrated approach
to sharing functional expertise. The result (so
far) has been a greater emphasis on the ben-
efits of integration and focus, rather than
autonomy and diversification (Fig. 15).

2.1.4 Conclusions and Implications
for China

The oil and gas sector is facing structurally lower
prices and more technology disruptions, which
could challenge the long-standing business
strategy and traditional, hierarchical organisa-
tional structure of companies.

Case studies from the postal and electric
utility sectors show that companies may respond
in different ways, depending on their motivation

Fig. 15 DONG Energy
reframed its organisational
structure and applied it to
offshore wind. Source Vivid
Economics

N

(the outcomes valued most by stakeholders) and
context (the operational conditions that may
constrain a company’s strategic margin of
manoeuvre).

e Little change remains an option—where
stakeholders valued security of existing ser-
vices and nearer-term profits, business strat-
egy focused on harvesting the value of the
existing business model, and organisational
change was about making the existing struc-
ture leaner (USPS).

o Splitting the old from the new—where stake-
holders valued longer-term profitability but
were constrained by regulation, conflicting
interests or capital (Royal Mail, RWE in 2004
and DONG Energy), business strategy focused
on streamlining and redirecting resources to
new capabilities, and organisational change
focused first on splitting the old from the new.

o Transforming with the trend—where compa-
nies seeking new opportunities had relevant
capabilities and sufficient capital (Deutsche
Post, DONG Energy, and Innogy after 2016),
and the strategic shift was more aggressive
than for those acting later or facing resistance
(Royal Mail and RWE in 2004).

Organisational change needs to align with the
business model. Where new businesses were
similar to old (Royal Mail and DONG Energy),
the organisational change is more about refresh-
ing the existing structure than radically restruc-
turing it; while entirely new product or service
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models (Deutsche Post and Innogy) involved
far-reaching change.

Governments can have a role to play in
shaping the motives and context of companies to
help guide outcomes, and they should consider
what types of response current policies are
encouraging. Through setting the conditions that
influence strategic and organisational change,
governments can determine the future role of the
oil and gas industry. Current policies are setting
the motive and context of companies that will
encourage a particular response that may not be
in line with the government’s aims. Considera-
tion should be given to how motives and context
impact future responses and what the options are
for a government to influence these factors.

(1) Response archetypes for oil and gas
companies

There is no dominant or common response
strategy to the prevailing future trends—the
motivations and context behind each company
will determine what types of strategic and
organisational response they adopt. Figure 16
illustrates the generic range of motivation and
context that oil and gas companies may poten-
tially face. How a company responds to these
factors will require the appropriate archetype of
strategy response, which in turn will involve a
different type of organisational structure.

Lenger term
grOWIh and
catalysing
change

Primary motivation

Supply

security, near

term jobs or

profitability |__ )
Limited capacity,
regu|mory and cc:pimt
constraints

Strong cupacﬂy,.
government support
and capital

Prevailing context

When there is a focus on security and binding
constraints exist, legacy assets are often main-
tained and harvested and their declining role in a
changing market is accepted. Companies in this
position will need to maintain their legacy assets
to meet supply security or short-term employ-
ment targets but are unable to diversify given the
restricting context that surrounds them. In such a
situation their best response may be to take on a
harvest mentality, using their legacy assets as
much as possible during the transition, but with
the knowledge that the value of these assets will
be greatly diminished over time as the market
changes. This strategy is facilitated by main-
taining a top-down approach to keep central
control, which is more efficient when dealing
with a small number of high-value legacy assets.
Central functions that aid asset management and
organisational efficiency would also be useful to
maximise the rents from harvesting.

This strategy is effectively what RWE and
USPS employed, although they did so to a lesser
extent. RWE has maintained its large capacity of
lignite and nuclear generation and is earning
what it can from those assets, while maintaining
its hierarchical structure. USPS is not showing
obvious indications of harvesting value, but the
company is clearly bound by a service security
commitment that is preventing it from adopting
other responses.

Four archetypes of strategy response arise:
A. Supply security focused harvesters:

u Ensure supply security/near-term employment

u Harvest value from legacy assets during the transition
B. Constrained niche growers:

u Aspirations for growth, but context prevents moving beyond
conventional oil and gas

u Focus on streamlining their core functions and growing within
niche markets

C. Dividing conquerors:
u Splitinto two: one focused on harvesting value from legacy
u The other focused on diversificafion for long term growth
D. Transformative diversifiers:

= Move quickly to a new C‘nerg}" SErViCC I'nodcl Cll'ld diVCSr
hydrocarbon assets to finance the transition

u Potential to deliver long-term growth but is more risky

Fig. 16 Motive and context will determine how Chinese oil and gas companies strategically respond to lower prices

and new technology disruptions. Source Vivid Economics
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When a similar focus on security exists but
within a less stringent context, a company has the
option to separate in order to provide the desired
service security and seek growth opportunities
elsewhere. When security and short-term gains
are the priority, some continued use of legacy
assets is unavoidable, as diversifying into new
ventures will not immediately fulfil either of the
two objectives. However, when the prevailing
context is less restrictive companies should
consider employing a divide and conquer strat-
egy, separating themselves into two distinct
parts, where one delivers the near-term supply
security, dividends or employment targets and
the other is free to pursue diversification for
long-term growth, unhindered by the needs of the
existing legacy assets. Organisationally, this
requires a clear split between the two different
parts of the company. Care must be taken to
carry over any existing organisational strengths
into the appropriate areas of the business.

Innogy was separated from RWE for these
reasons. Although it became clear by 2011 that
both lignite and nuclear generation were declin-
ing in relevance, RWE maintained them to pre-
serve short-term cash flows and to try and recoup
as much of its sunk investment in these assets as
possible. Innogy was created as a separate sub-
sidiary that was not burdened with any legacy
assets and was free to innovate and invest in
growing renewable markets.

A binding context can prevent a company
from moving away from its traditional assets,
even when the primary motivation is for
long-term growth—in such scenarios, a focus on
efficiency in core areas and expansion in niche
markets is a sensible response. When regulatory
or capital constraints are tight, companies may
not be able to divest their legacy assets or
effectively invest in new areas. To drive growth
in this scenario, companies can focus on
streamlining their core functions to maximise
efficiency and squeeze up margins. Alternatively,
they can aim to develop within smaller niche
markets where lower capital investments may
still be sufficient to generate decent returns. This
type of strategy is implemented by forming agile,
decentralised market units that can respond

quickly to the unique and often changing cir-
cumstances of different niche markets and ensure
that the core business stays as relevant and lean
as possible. Portfolio optimisation is also an
important step to ensure that all business areas
are aligned, and central functions are imple-
mented effectively.

Royal Mail found itself in this situation in
2013. It was limited by tight capital constraints
after several years of losses and was seeking to
generate long-term profit and growth. It began a
programme of intense cost-cutting that returned
the company to profitability despite little revenue
growth, and it started to make small investments
in other logistic areas and geographies to gain a
foothold in potentially long-term growth
markets.

If the motivation is for long-term growth and
the context is non-restrictive, a transformative
strategy can be adopted, although this comes
with higher risk. When long-term growth is the
primary motivation, investment into new areas
becomes a priority as legacy assets will shrink
considerably as structurally lower prices and
greater technology disruptions set in. Companies
facing this situation may seek to diversify
aggressively and shift to new markets or incor-
porate new technologies. However, such extreme
change comes with inherent risk, which makes
the outcomes for supply security, employment
and profitability uncertain. To adopt such a
strategy effectively, companies should develop
an organisational structure that is flatter and has
more divisional autonomy to facilitate fast
response to the needs of different business areas.
It is also important to strengthen core capabilities
across the group to maximise synergies wherever
possible, especially if elements of the current
business can provide a competitive advantage in
new areas (Fig. 17).

Both Deutsche Post and DONG Energy are
examples of companies that have undergone
extreme transformations to preserve long-term
profits. Deutsche Post used its large internal cash
flows to invest heavily in other logistic areas and
was flexible with its organisational structure to
maximise synergies across its rapidly expanding
business areas. DONG Energy transformed its
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Fig. 17 Motive and context are not set in stone but controlled by stakeholders—the Chinese government can therefore

shape outcomes. Source Vivid Economics

core business from oil and gas to offshore wind.
It was incentivised by consistent wind subsidies
and implemented divisional autonomy for its
offshore wind division to insulate it from com-
petition from other divisions within the company,
setting growth rather than profit targets until it
reached maturity.

(2) Options for adjustment
Governments can play a role in shaping the future
responses of companies by adjusting the motives
and context through policy setting. Although
strategy and organisational response choices are
decentralised and made at the corporate level, there
is potential for governments to intervene and guide
the direction of future responses by setting the
conditions that influence those responses. This can
be done by setting different targets for
government-owned companies or it can be imple-
mented broadly with policy that affects all com-
panies. These adjustments will be important to
guide the oil and gas industry towards the role that
the government envisages for it in the future, as
structurally lower prices and increasing technology
disruptions begin to take hold in the industry.
Government-owned oil and gas companies
may be limited in their future response to pre-
vailing trends by the current goals set for them.
The government has a clear, direct role in setting
the motive for companies that are under

government control and should be aware that
some types of future response will not come
about without the correct motivation. For exam-
ple, a national oil company cannot transform its
business model and shift into renewables, as
DONG Energy has, if it is bound by an obliga-
tion to deliver fixed reserve targets. USPS was
clearly limited in its ability to respond to the
structurally lower demand it was facing by the
government’s (its owners) singular focus on
service security. Similarly, employment goals
and short-term profitability targets encourage
continued use of legacy assets and will prevent
large-scale diversification. This is an issue that
affected RWE—employment and dividend
requirements meant RWE prioritised its legacy
assets over investment in new areas.

There is also the potential to collectively adjust
the context across all companies by altering per-
tinent policies. As a regulator, the government can
influence the context that all companies face.
Public funding or R&D that supports new tech-
nologies or new capacity development can reduce
the uncertainties that companies face when trying
to enter new business areas. The Danish govern-
ment’s strong wind subsidies were key in
encouraging DONG Energy to pursue offshore
wind at a time when thermal generation earnings
were volatile. Removing natural monopolies by
allowing greater access to infrastructure networks
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can help companies to refocus on their core
businesses. When Royal Mail was partly priva-
tised in 2013, the Post Office arm was separated
into an independent entity with a management
structure centred on the postal service the com-
pany provided. Early policy clarity is the key to
providing the robust signals needed for companies
to optimally plan their longer-term strategy and
organisational responses. Deutsche Post benefited
from this level of clarity, as it was able to diversify
into new markets and geographies before its
domestic market declined, when it still had sig-
nificant cash flows to invest. In contrast, Innogy,
the green asset subsidiary of RWE, was separated
from RWE in 2016, well after the German
renewable energy revolution had cut into the
earnings of RWE’s legacy assets. The rapid
escalation of renewable energy policies in Ger-
many prevented a clear policy signal from form-
ing, contributing to RWE’s continued use of
legacy assets and subsequent losses.

Appendix 1: Postal Companies: Responding
to Lower for Longer Trends

Introduction

Since the early 2000s, the postal industry has
faced two global trends: a decline in letter volumes
from the spread of electronic communications;
and a parallel, but smaller, increase in parcel
volumes due to the rise in e-commerce. Com-
bined, these two trends yield a fall in total volume
of 1-2% per year, and global revenue growth of
only 1.6%, significantly below the economy-wide
average of 4.3% revenue growth. The effect on
postal companies has clear parallels with oil and
gas companies facing lower for longer hydrocar-
bon prices. Major postal companies have been hit
particularly hard by the decline in letters, histori-
cally their main source of revenue and over which
they had a monopoly—they were often
state-owned and seen as delivering an essential
service. Postal companies have revenues of the
same magnitude as oil and gas companies.

On top of these two global trends, some
countries have experienced deregulation and
rising competition, while others have remained

closer to a regulated monopoly. Beginning in
1997, the European Commission has abolished
national monopolies on mail in Europe. EU
member states were required to allow competi-
tors to enter their national postal services, at first
only in certain product categories (such as par-
cels) and by 2012 across the full spectrum of
postal services. In contrast, the USA allowed
competition in parcels and express letters, but the
United States Postal Service (USPS) continues to
hold a legal monopoly on standard mail.

Postal companies have had a range of
responses to the challenge of declining value in
their main area of business—understanding the
factors that led to these can help oil and gas
companies plan their own transitions. The indi-
vidual decision factors and circumstances facing
each postal company dictated the way in which
they responded to the lower for longer trend of
falling letter volumes. Broadly speaking, the
responses to lower for longer can be organised
into three categories:

(1) Inaction: No organisational changes or
divestments, with cost-cutting and efficiency
improvements limited to a few areas due to
restrictive legislation.

Divestment and cost-cutting: Large effi-
ciency gains from divesting inefficient,
non-core areas and fully utilising cost-cutting
opportunities. This has often been achieved
through privatisation or reorganisation by
separating mail operations from other parts
of the business (such as pensions and post
office operations).

Diversification: In addition to separating
certain parts of the business from core
operations, companies can diversify into new
geographies and new lines of business.

We have analysed the responses of three

companies, each of which represents a different

category of response. USPS, protected by a

continuing monopoly on letters but prohibited

from entering new non-postal markets and with
limited cost-cutting options, represents the min-
imal response or inaction to industry-wide trends.

Royal Mail, unbundled and privatised in 2013,

has enacted a wide range of cost-cutting and
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Fig. 18 Total mail volume did not begin to fall consistently until after 2006, although first-class mail volumes have

been falling since 2001. Source Vivid Economics

modernisation measures that have significantly
improved its recent financial performance.
Deutsche Post, privatised in 2000, has taken
similar steps as Royal Mail, but has gone faster
and further, diversifying from its former core
business, both geographically and in product
offering, and growing substantially as a result.

The parallels with the oil and gas industry,
both in terms of the lower for longer trend faced
and the scale of the companies themselves, make
the postal sector a good case study for oil and
gas. Both have two core products with different
outlooks: one that is facing challenges because of
long-term falling demand (oil/letters) and another
that is experiencing rising demand (gas/parcels).
In addition, both industries have faced, or are
facing, large regulatory change: deregulation and
competition in the case of post and increasing
climate change policy in oil and gas.

The large postal companies were similar to oil
and gas companies: they were often nationalised,
delivered an essential service and had huge rev-
enues. The high capital and large economies of
scale in both sectors mean that small falls in
volumes can make large impacts on profitability.
These similarities make the postal sector a good
learning case for oil and gas companies.

USPS: An example of inaction

USPS has been facing a steady decline in the
volume of first-class mail since 2001 and mail
overall since 2006. Figure 18 shows the volume
of first-class mail, which is the main source of
revenue for USPS, peaked in 2001 and has been
falling ever since. In contrast, overall mail vol-
umes tended to rise until 2006, after which they
fell sharply. The parcel market is dominated by
multinational companies, like FedEx and UPS,
that were quick to innovate and capture profitable
delivery routes, leaving USPS with only an 8%
share of the sector’s main growth market.

From 2002-06, total mail volumes were rising
and USPS posted a cumulative profit of $8.6
billion. Given the very small falls in first-class
mail volumes from 2002-06 and the fact that
total mail volumes continued to rise to 2006, it is
unsurprising that USPS posted strong financial
results pre-2006. Its average annual profit during
those years was $1.7 billion, more than double
that of the late 1990s, which averaged $726
million per year from 1997-99.

Since 2006, USPS has been forced into inac-
tion, as legislation and Congress have prevented
cost-cutting and diversification in response to
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mounting losses. The 2006 Postal Accountability
and Enhancement Act was intended to modernise
postal regulation that had been in place since
1971, reassessing the pricing of postal services
and setting clearer barriers to entry for USPS in
non-postal services. Given USPS’s monopoly
over non-express letters and its strong profits
pre-2006, the concern was that USPS might use
its monopoly profits from letters to unfairly
subsidise its entry into new areas. Congress
wants USPS to maintain a universal service and
has continually blocked cost-cutting measures
like stopping Saturday deliveries. Once the lower
for longer trend set in after 2007, USPS had
limited responses and had accumulated losses of
$10.6 billion by 2016.

In 2006, letter volumes had yet to fall appre-
ciably and with USPS posting profits in four
consecutive years, there were over-optimistic
expectations about the future of letter volumes
and the payoff from inaction. The timing of the
2006 Postal Accountability and Enhancement
Act was unfortunate in that it preceded the onset
of falling letter volumes. It seems apparent that in
2006 expectations for the potential severity of the
lower for longer trend were not accurately
formed. This led to an overestimation of the
potential payoff from adopting a strategy of
inaction. The historical evidence suggested a
mild lower for longer trend at the time (later
forecasts in 2009 have proved more accurate in
predicting letter volume falls). There was,
therefore, little motivation to shift to a new
strategy.

After the 2006 Postal Act, diversification was
effectively no longer open to USPS—a prohibi-
tion that was criticised by USPS’s management
—Ilimiting its strategy response options to either
inaction or divestment.

The US government promises a universal
service and responds strictly towards any action
that may disrupt or threaten it. The government
places a high value on security of service and
benefits to employees, both of which contribute
to USPS adopting a strategy of inaction. This
resulted in Congress vetoing many cost-cutting
measures, forcing USPS towards inaction by
default. The large postal infrastructure system

that USPS operates requires economies of scale
to be efficient—small falls in volume can quickly
reduce margins and create large losses.

Once the lower for longer trend had taken
hold after 2006, USPS had to accept its limited
ability to respond strategically. Given the
restrictions placed on it entering new non-postal
services and the heavy competition it faces from
other companies that specialise in parcel and
express delivery, USPS has been limited to cut-
ting costs and making efficiency improvements
that address the decline of its main market.

Some cost-saving measures were imple-
mented, mainly by reducing head count,
although mandatory pre-payments of pension
and security benefits for workers added huge
liabilities. From 2006-14, the number of
full-time employees at USPS fell by 30%, as it
pursued efficiency gains to offset the sharp fall in
letter volumes. However, these gains are small in
comparison to pension pre-funding payments of
more than $5 billion per year that USPS was
forced to make between 2007 and 2016. While
other postal companies have often had their
pension obligations split off to make them sol-
vent, USPS has had to bear the full cost. Once
the pre-funding payments are separated from
expenses, slight but persistent falls in operating
expenses since 2007 are visible, despite a
growing number of delivery points.

Other cost-cutting and divestment measures
have been prevented by Congress to avoid
potential disruptions to the universal service.
USPS has pushed to stop Saturday deliveries
since 2009, but Congress has vetoed it, most
recently in 2013. Similarly, Congress vetoed a
plan to close the 3,600 least busy post offices in
2012. There is also tight regulation around the
pricing of letters, which closes another potential
avenue to boost falling revenues. A price
decrease of 5% was implemented in 2016, cut-
ting deeper into margins already squeezed.

The result of this has been large cumulative
losses by USPS over the past decade: $10.6
billion in total from 2007-16, excluding pension
pre-funding payments. The case of USPS shows
that if mandatory rules prevent a government
agency from adjusting to long-term declines in
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Fig. 19 USPS has suffered huge losses and depressed
profits since 2006, illustrating the dangers of inaction.
Note The profit/loss figures here exclude the security

its core markets, large losses are likely to accu-
mulate. Figure 19 shows that expenses could not
be reduced due to the restrictions on cost-cutting
options and the large losses that resulted. In
addition, USPS is prevented from seizing possi-
ble growth opportunities—by regulations, finan-
cial constraints and culture. However, social
objectives (such as preserving a post office in
nearly every town) and past commitments (such
as the pension and healthcare benefits of postal
workers) were honoured.

The clear parallel between USPS’s experience
and the oil and gas sector is the potential desire to
maintain security, which can lead to large losses
if it prevents a company from responding to
trends. It is not difficult to envisage a nationalised
oil and gas company being unable to reduce or
diversify away from fossil fuel production in
order to maintain domestic energy security, just
as USPS was forced into inaction partly by the
political desire to protect the USA’s universal
postal service. If a government objective like
energy security or universal service is the goal,
then policymakers should be aware that there is a
significant possibility of the company accumu-
lating loss, as new trends can rapidly change the
market.

If energy security is a high priority, it is pru-
dent to review policies regularly to account for
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pre-payment obligations of USPS; all figures separate
over 2012 and 2011 the double pre-payment made in
2012. Source Vivid Economics

shifting trends. Enacting policy that creates bar-
riers to change is risky and possibly highly
damaging for the companies affected. A balance
needs to be reached by having policy that is strict
enough to achieve an appropriate level of secu-
rity, but which has the flexibility to allow the
company to respond to trends when the negative
effects become overwhelming.

Inaction may be an appropriate strategy in the
short run, but change is likely to be required over
the longer term; introducing independent sce-
nario teams can help identify when a change in
strategy is needed. Scenario teams that are not
under the jurisdiction of any specific business
unit can offer unbiased guidance of when inac-
tion may no longer be appropriate. Given the
structurally lower prices that are gradually taking
hold, an alternative strategy to inaction will need
to be considered in the longer term. Correctly
timing this strategic shift will lead to better
outcomes.

Royal Mail: An example of a divestment/cost-
cutting strategy

The UK’s Royal Mail was struggling with
operational inefficiencies, declining letter vol-
umes and poor financial results before its
part-privatisation in 2013. UK letter volumes
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Fig. 20 Royal Mail letter volumes peaked in 2004, but experienced sharp falls after 2007. Source Vivid Economics

peaked in 2004 after steady growth since 1990.
The initial decline was modest but gathered pace
after 2007. Letters delivered fell by about 5% per
year from 2007-15. In 2007-08, Royal Mail had
the lowest operating margin of the 13 major
western European postal companies and posted
pre-tax losses each year from 2008-12. At the
same time, the UK postal market was opened to
competition from January 2006, causing a steady
decline in Royal Mail’s market share. Lastly, in
the wake of the financial crisis of 2008, Royal
Mail became balance sheet insolvent, as the asset
value of its pension fund declined, with balance
sheet net liabilities of more than £3 billion in
2011 (Fig. 20).

The British government decided to privatise
the service arm of Royal Mail in 2011. This led
to strong cost-cutting initiatives but limited
diversification. The legislation that allowed for
private control of Royal Mail was passed in
2011, with privatisation starting in 2013. Fol-
lowing privatisation, Royal Mail returned to
profit in 2017 after five consecutive years of
pre-tax losses, mainly driven by efficiency gains
in its core domestic delivery service (profits rose
without major increases in total revenue). Some
diversification into international markets and
vertically upwards into e-commerce has occur-
red, but these have been relatively minor com-
pared to the strategies of other companies.

The positive examples of postal service pri-
vatisation in other European countries and clear
financial struggles of Royal Mail since 2008
motivated a similar privatisation in the UK. By
2011, the decline in letter volumes had become a
clear trend and the poor performance of Royal
Mail showed that continued inaction would not
be sustainable. Earlier examples of privatisation
across Europe illustrated how postal companies
could reform their operations and return to profit
while maintaining service obligations. Hence, the
expectations were that the payoff from inaction
would be low due to the continued decline in
letters and inefficiencies, while the payoff from
divestment or diversification would be high
given the evidence from similar strategies across
Europe.

However, as a government-controlled corpo-
ration, Royal Mail was subject to tight regula-
tions that created high barriers to change and
prevented action pre-2013. Being under govern-
ment control meant Royal Mail could not rene-
gotiate contracts, access private capital, adjust its
products or enter new markets without
time-consuming approval processes. Conse-
quently, even with expectations of high payoffs
from divestment and diversification, Royal Mail
was not able to respond in an effective manner to
its declining financial performance, resulting in
several consecutive years of pre-tax losses before
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2013. Privatisation offered an easy avenue to
reduce transformation costs and allow for new
strategies to be adopted.

While the British government considers a
universal service important, it has far more
lenient price controls on postage than the USA.
Post-privatisation, Royal Mail was still desig-
nated as the universal service provider, obligated
to provide a nationwide service for a uniform
price, six days a week. This designation meant
that a strong focus was still needed on the core
service of delivering letters, leading to a degree
of aversion to change. Large diversification
strategies inherently carried a great deal of risk
and could disrupt this core business. Hence, the
Royal Mail’s preferences pushed it more towards
cost-cutting strategies than diversification into
new markets.

The British government split the historic post
office into three parts in 2013 and only privatised
the postal service arm, leaving the network of
post offices under public ownership. These three
parts were the letter and parcel service operations
of Royal Mail, which were subsequently priva-
tised in 2013; the network of post offices, which
remains in public hands; and the net liabilities of
the Royal Mail Pension Plan that were taken over
by the government to make Royal Mail solvent
again. In effect, the government bore a one-time
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cost to enable privatisation and reduce transfor-
mation costs. This unbundling was implemented
to allow the post offices to be used by different
postal service providers and avoid wasted
spending on infrastructure.

Following privatisation in 2013, Royal Mail’s
financial situation improved dramatically, mainly
through divestment in its core business area.
While revenue growth was modest, with a com-
pound annual growth rate of 1% between 2011
and 2017, profit levels increased substantially,
suggesting the focus was on efficiency gains
rather than entry into new areas. Between 2011
and 2016, Royal Mail achieved an overall
headcount reduction of 9.7% and reduced the
number of its mail processing centres from 57 to
38. This greatly improved the profitability of its
core domestic letters and parcels business,
reversing an operating loss of £120 million in
2011 to an operating profit of £411 million in
2017.

Although effective in the short run, this
divestment strategy is unlikely to offer a
long-term solution for generating profit growth.
The short-term impacts of divestment have
clearly been significant, reversing Royal Mail
from losses into profit as seen in Fig. 21, mainly
due to improvements in the core business.
However, the future performance of this business
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Fig. 21 Privatisation in 2013 led to a return to profitability, despite a continuous decline in letter volumes. Source

Vivid Economics
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is in doubt, as letter volumes continue their lower
for longer trend (they are forecast to decline
4-6% annually). In addition, fierce competition
from foreign operators in the parcel market has
led to a 20% overcapacity, which prevents Royal
Mail from staking a large claim in the main
growth market. As efficiency gains are exhaus-
ted, further profit growth will likely have to come
from parcels—where profit growth has been
unimpressive so far—or diversification, which
Royal Mail has only pursed at small scale and is
losing ground to more aggressive competitors.

Royal Mail has begun to move vertically into
e-commerce and logistics but is being outpaced
by movement the other way, which is likely to
increase pressure on margins. Royal Mail (like
Deutsche Post and France’s La Poste) is moving
vertically up the value chain towards website
development, digital marketing and parcel col-
lection points. For now, Royal Mail appears to be
progressing exclusively through mergers and
acquisitions; no major organisational reshuffle—
such as the creation of a new board position or
business unit—has been announced. The deal
volumes of its e-commerce-related acquisitions
have not been disclosed, nor have revenue fore-
casts been given by Royal Mail, but it is esti-
mated they will add only £100 million in revenue
over the next two years. Amazon has started to
build an in-house delivery network, expanding
its operations from e-commerce to the underlying
parcels and logistics business which, by com-
parison, reported revenues of £1.5 billion in
2016.

Royal Mail has acquired foreign postal oper-
ators to diversify into new international markets,
but again these have been small. In the USA, it
acquired Postal Express for $13 million in 2017
and Golden State Overnight for $90 million in
2016. In Europe, Royal Mail acquired ASM
Transporte Urgente of Spain for €71 million in
2016. By comparison, Deutsche Post’s acquisi-
tion of DHL in 2002 for around €2 billion and
Exel for €5.6 billion in 2005 are of a different
magnitude. Part of the reason for these smaller
acquisitions by Royal Mail was capital limita-
tions. There are benefits from taking a more
measured, modular approach that does not

require large-scale strategic and organisational
shifts: the risk and costs are much lower. This is
evidenced by the $3.9 billion in restructuring
costs arising from Deutsche Post’s expansion
into the US market, followed by an exit from
domestic US deliveries. But the reality is that a
strong presence in new markets requires strong
investment that Royal Mail is currently not
delivering.

The government effectively paid a one-off fee
to allow Royal Mail to break out of constraining
monopoly regulation, which was crucial for
Royal Mail to become profitable again. With its
high transformation costs before privatisation,
Royal Mail was unable to pursue any strategy
other than inaction, despite expectations of a
continuing lower for longer trend and a high
payoff from divestment or diversification. By
taking on the pension liabilities of Royal Mail,
the government made privatisation possible,
which proved to be net beneficial. For oil and gas
in China, this could take the form of divesting
network infrastructure (as a precondition to
becoming a private company) and accessing
private capital markets for growth opportunities.

With the right regulatory environment and
leadership, stabilising the core business and
maintaining service security is possible without
major top-level organisational change. Except for
the separation of the post office arm and the
government taking on the pension liabilities,
Royal Mail’s turnaround has been achieved
without making major changes to its organisa-
tional structure. However, as mentioned above,
this turnaround was concentrated in Royal Mail’s
core business, and the company’s long-term
growth prospects are not yet certain.

Deutsche Post: An example of a transforma-
tive strategy

Deutsche Post’s diversification strategy into
global markets and logistic services began in the
late 1990s, predating any fall in mail volumes.
The decline of mail volumes in Germany began
later than in both the USA and the UK, peaking
in 2008 and falling only by 13% by 2015. In
comparison, the falls in mail volumes in the USA
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Fig. 22 The decline in Germany’s postal market began in 2008, later than in the USA and the UK. Source Vivid

Economics

and the UK from their respective peaks were
38% and 42% respectively (Fig. 22). By the time
mail volumes began to fall appreciably, Deutsche
Post was already well diversified into different
geographies and markets—hence, lower for
longer had a minimal overall impact on the rev-
enue and earnings of Deutsche Post.

Since 2001, Deutsche Post has completed
several large acquisitions and achieved consis-
tently high profits, despite falls in domestic mail
volumes. These large acquisitions include DHL
in 2002 and Exel in 2005, although a global
diversification strategy with smaller acquisitions
has been implemented since 1998. As a result,
Deutsche Post has taken early positions in
growing markets and developed expertise, which
has led to strong revenue growth (68% from
2001-15) from a wide range of ventures and little
noticeable impact from lower letter volumes, as
seen in Fig. 23.

Deutsche Post’s motivation for diversification
was triggered by the European Union postal
reforms of 1997, which aimed to increase com-
petition in domestic mail. The EU directives led
to Germany passing new laws to guarantee postal
service quality and promote greater competition
in 1997, making Germany the forerunner in
postal market liberalisation in Europe. This set
expectations of a declining future share of the

domestic postal market, which in 1997 repre-
sented more than 75% of Deutsche Post’s rev-
enues. The chosen response was to diversify into
a global logistics company offering a full range
of services—the payoffs from such a strategy
were expected to be high given the rapidly
growing courier, express and parcel markets in
Europe and abroad, as well as the desire of
business customers to have a one-stop shop for
all logistics services.

Large cash flows and privatisation allowed
diversification activities to occur with minimal
internal barriers. Deutsche Post began to diver-
sify well before lower for longer began to impact
margins—the profit from its mail operations was
around €2 billion in 2000. This allowed Deutsche
Post to pursue diversification from internal
financing rather than having to raise capital
externally. Privatisation further facilitated this by
streamlining decision-making, allowing much
faster acquisitions. Systematic restructuring of
the company in 1989, and again following Ger-
man reunification up to 1997, provided valuable
experience in assimilating and accommodating
new assets.

Germany has had more flexible regulations for
universal service provision than the USA and the
UK, which has minimised the external barriers to
diversification for Deutsche Post. Although
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Fig. 23 Since the early 2000s, Deutsche Post’s revenue has come from several areas; total revenue has not been
appreciably reduced by declining domestic letter volumes. Source Vivid Economics

Deutsche Post has historically had a universal
service obligation, as well as some exclusive
rights, since 2008 the market has been fully lib-
eralised, and Germany no longer formally des-
ignates one company to provide that universal
service. Without this pressure, Deutsche Post has
been free to continue exploring international
markets and create new products, while willingly
providing a universal service on business
grounds.

Deutsche Post’s path to privatisation in the
1990s was motivated by losses caused by an
inefficient organisation and EU directives, rather
than as a response to falling mail volumes.
Before 1989, a state-controlled company,
Deutsche Bundepost, was in control of all postal
and telecommunications services. This company
adopted the bureaucratic structure of its govern-
ing bodies that was inappropriate for a
market-oriented company, leading to complex
processes, no bookkeeping and no coherent
strategy for marketing and sales. The result was
heavy losses, with a deficit of €320 million in
1990 alone. The first round of postal reform in
1989 separated the different services and
restructured them into corporate organisations,
quickly reversing their fortunes. When EU
directives on opening up postal markets to
competition were released, Germany scheduled
the privatisation of Deutsche Post, which began
in 2000.

Deutsche Post stated its aim to become a
globalised logistics company in 1997, as it
became clear domestic markets would be
exposed to increasing competition. The 1997
Postal Act laid out the regulations to induce
greater competition in the German postal market.
One of the main policies of this act was the
removal by 2002 (later extended by six years in
2001) of Deutsche Post’s exclusive licences on
some postal products. Consequently, Deutsche
Post began its globalisation strategy to become
“the number-one global player”, not only to
escape a tightening domestic market, but also to
access the rapidly growing express, courier and
parcel markets in Europe and globally. This
transition began with some smaller acquisitions
and new international services, but large acqui-
sitions did not occur until after privatisation in
2001.

Following privatisation, Deutsche Post laun-
ched an intensive programme of diversification
through acquisitions and the divestment of
non-core  activities.  Privatisation  afforded
Deutsche Post the freedom to use its strong
internal cash flows to pursue larger acquisitions.
DHL, a US express logistics company, was
acquired in 2002 for €2.4 billion, just a year after
Deutsche Post’s privatisation; Exel, a UK-based
logistics company, was acquired for €5.6 billion
in 2005. These gave Deutsche Post an immediate
foothold in new markets, transforming it from a
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mail-centred company into a  global,
full-spectrum logistics provider. Deutsche Post
also made more than €8 billion from divestments
in 2004-10, mainly from the sale of Postbank,
raising funds for further acquisitions.

In more recent years Deutsche Post has
focused on innovation, establishing innovation
forums and creating a dedicated innovation unit
within DHL. In 2010, Deutsche Post released
E-Postbrief (E-mail letter) as a digital alternative
to physical letters, although its popularity is hard
to determine as usage figures have yet to be
released. More recent innovations include drone
deliveries, which are completing a third round of
testing, electric postal delivery vehicles and a
real-time supply chain management system.
DHL Innovation Centers act as forums to
encourage collaboration between customers and
partners to develop new products and services.

Deutsche Post has made a remarkable transi-
tion that has allowed it to weather the decline in
its previous core product (domestic letters) and is
now positioned as a global leader in growing
logistics markets. However, this strategy of rapid
diversification is not without drawbacks; moving
so rapidly into new ventures can lead to heavy
losses. However, this should be accepted as a risk
of such bold strategies. Deutsche Post discon-
tinued its domestic express offering in the USA
and incurred $3.9 billion in restructuring costs as
a result in 2009.

2.2 Electricity Grids in Transition

2.2.1 China’s Network Arrangements

(1) Overview

China’s current network arrangements provide
grid access to 100% of its vast and widely dis-
persed population. In 1990, 89% of the popula-
tion had access to electricity; by 2014, 100%
were connected. In the same period, electricity
consumption per person increased eightfold,
from 511 kilowatt-hours (kWh) to 4,047 kWh
per person, which is half of the average OECD
electricity consumption of 8,004 kWh per

person. This vast increase in electricity access
and consumption has been delivered through one
of the largest and most reliable electricity net-
works in the world.

China has abundant energy reserves, such as
hydropower and coal, to serve its rapidly grow-
ing electricity demand, but these lie far from
large demand centres. The geographically
uneven distribution of energy resources and
demand centres limits the flexibility of the sys-
tem to respond to imbalances in supply and
demand. It also requires considerable investment
in long-distance transmission networks.

The Chinese transmission system is organised
on administrative lines and composed of
provincial networks, with limited regional and
national integration. Detailed planning, invest-
ment and operation are primarily coordinated at
the provincial level, with a smaller degree of
coordination at the level of the national network.
The institutional framework of the Chinese
electricity sector is complex, as shown in Fig. 24.

Network planning follows a top-down pro-
cess. The National Development and Reform
Commission (NDRC) specifies general network
investment in five-year planning cycles, after
which provincial governments and local NDRC
branches finalise these plans for their adminis-
trative territory. The State Grid Corporation of
China, the state-owned electric utility, invests in
interconnectors between regions, while the
regional grid companies invest in interconnectors
between provinces. Provincial grid companies
focus on the bulk transmission network within
their provinces. Subsidiaries of grid companies at
the prefectural and county levels are responsible
for distribution networks.

Electricity pricing follows a similar top-down
process. The regulatory bodies set the wholesale
and retail prices of electricity, which can then be
amended by provincial governments to achieve
policy and economic development goals.

China explores alternative approaches for
restructuring and marketisation of its electricity
sector. In 2014, the NDRC launched a pilot
project in Shenzhen to accumulate experience for
wider adoption of performance-based regulation
in China. The pilot project aimed to incentivise
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Fig. 24 The institutional framework of the Chinese
electricity sector comprises several organisations with
overlapping responsibilities. Note SASAC = State-owned
Assets Supervision and Administration Commission;

grid companies to decrease their costs. It deter-
mined permitted costs and profits of grid com-
panies and capped their total revenue. Following
the success of the pilot project in Shenzhen, the
NDRC decided to expand the reform step by step
to other provinces and then nationwide.

(2) Performance of Chinese network
arrangements

China’s current network arrangements have
delivered a large and stable grid with high levels
of energy access, but the grid is fragmented
geographically and has highly centralised man-
agement. As Chinese regulatory bodies are not
independent, planning and pricing decisions at
the central and local levels may be influenced by
political objectives. The top-down planning
approach and lack of coordination with provin-
cial and regional grid companies may lead to
inefficient investment decisions and poor coor-
dination between generation and transmission
investments. Such investment patterns create
pockets of generation where electricity supply is
abundant, but an inability to transmit to areas
where it is scarce, due to limited transmission
capacity. As a result, while China has significant

MEP = Ministry of Environmental Protection; NDRC =
National Development and Reform Council; SAWS =
State Administration of Work Safety; NEA = National
Energy Association

Production

renewable generation capacity, such as solar and
wind, large volumes of renewable energy are
curtailed, increasing overall electricity costs and
carbon emissions.

The transition to a low-carbon and decen-
tralised electricity system is likely to worsen these
inefficiencies and create new challenges. As the
Chinese economy and energy sector decentralise,
it will be increasingly difficult to maintain the
electricity grid’s high level of reliability at an
affordable cost. Moreover, decentralisation of
electricity resources requires significant invest-
ment in smart capabilities and creates challenges
for the efficient planning and delivery of infras-
tructure across different networks.

Therefore, China may benefit from reforms to
network arrangements, as have many other
countries that have adopted international best
practice for efficient network provision.

2.2.2 Key Principles of Efficient
Network Provision

In order to realise the economic benefits of lib-

eralised electricity markets, international best

practice suggests a set of principles for efficient

network provision:
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(1) Proceed towards full liberalisation of the
wider electricity system

Effective investment in, and operation of, the
wider electricity system is a precondition for
efficient electricity supply. This requires liberal-
isation of sectors suitable for competition (fuel
production, generation, retail), use of markets to
procure key services (capacity, balancing), and
the pricing of externalities, such as air pollution
and carbon emissions.

(2) Align
objectives
Make the incentives of network providers con-
sistent with the provision of a reliable and
affordable supply of electricity by controlling the
monopoly behaviour of network companies and
ensuring that prices reflect underlying costs:

incentives with public policy

® Reform electricity network institutions. Elec-
tricity networks are natural monopolies, with
little scope for improvement through competi-
tive markets. It is therefore critical that their
incentives are aligned with public policy
objectives. A monopoly faces incentives to
underinvest in new infrastructure and to charge
prices that are higher than its costs.
A state-owned company may face incentives to
prioritise short-term political objectives, rather
than longer-term public policy objectives.
These incentives can be mitigated through
institutional reform of the electricity network.
One option is to reform the network company’s
incentives through performance-based regula-
tion enforced by an independent regulator.
Another is to separate network operation and
ownership through the creation of an indepen-
dent system operator (ISO). The UK and most
European countries currently use
performance-based regulation, while the USA
uses the ISO model across its transmission
systems, for example, PJM Interconnection (the
transmission system in north-eastern USA).

e Consider the use of locational pricing. Effi-
cient network investment and operation make
use of information on network congestion. If
implemented, locational (nodal or zonal)

pricing can help reveal the costs of network
congestion. Nodal pricing is used in several
US states, Argentina, Chile, Ireland, New
Zealand, Russia and Singapore, while zonal
pricing has been adopted by most European
countries and Australia. However, locational
pricing has disadvantages as well as advan-
tages. Importantly, locational pricing is most
effective once time-of-use pricing is fully
implemented across network users.

(3) Take further action to meet the challenges
of a decarbonised system

The electrification of energy demand and improve-
ments in the efficiency of electrical appliances will
make the future volume and demand for transmis-
sion capacity more uncertain. Flexible resources
such as electricity storage and demand response can
substitute for new network investment, as long as
sufficient investment incentives are present:

e Designate strategic zones for transmission-
scale renewable generation to reduce plan-
ning and investment uncertainty. Renewable
energy resources may be located far from
demand centres and thus require large-scale
transmission investment. Uncertainty over the
volume and location of generation can be
mitigated through zoning.

e FEnsure there are revenues available to
encourage providers of flexible resources to
offer a full range of system services. The
flexible resources needed for decarbonisation
contribute several system services, such as
balancing and frequency response, but there
may be underinvestment if markets do not
exist for these services. Several electricity
markets in western China run demand cur-
tailment markets, allowing flexible resources
to generate revenues.

(4) Prepare for the development of a decen-
tralised electricity system, and its associated
digitalisation

By investing in the coordination of decentralised
resources, their control, balancing, security and
data flows:
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Coordinate investment in decentralised
resources. A coordination problem arises
when independent developers that lack
information about the plans of other devel-
opers make similar investments, creating
overinvestment or, if the developers are risk
averse, underinvestment. Either way, the
result can be inefficient. Solutions include
formal processes for multilateral resource
planning and the publication of current and
consented resources, as used by the trans-
mission and distribution system operators of
Spain and Ireland.

Determine how decentralised resources will
be controlled. While distribution networks
today are largely passive, an active network is
capable of accommodating distributed
resources. As the electricity system becomes
more active and complex, a single system
operator may start to rely on intermediaries
(such as virtual power plants) and partners
(such as distribution system operators) to
assist with system balancing. New systems of
control, with new computational require-
ments, administrative rules and institutional
characteristics may then be employed,
reflecting new operational vulnerabilities.
Balance data transparency with security. As
information communications technology
infrastructure expands, the amount of data
from the power system grows. The data sys-
tems need their own infrastructure, with
public access to facilitate competition and
optimise operations. Meanwhile, the distri-
bution of data across resources creates new
risks of cyberattack and privacy loss, which
can be solved through adequate protocols.

2.2.3 Roadmap for Efficient Network

Arrangements

This section presents a suggested roadmap for
the development of network arrangements in
China, as the country simultaneously carries out

large-scale

investment, market reforms and

decarbonisation of its power system. These
options are based on international best practice
and leading thinking on future arrangements, as
set out in Sects. 2.2.6 and 2.2.7.

The roadmap is based on the following

guiding principles:

Strong markets need strong government.
Market-based solutions have the potential to
identify and deliver cost-effective investment
and operation of power systems. However,
both markets and natural monopoly networks
benefit from a strong government that takes
an active role in ensuring institutional incen-
tives are aligned with public policy objec-
tives. Network incentives can be aligned
through separation of roles (unbundling) or
strong regulation.

The institutional framework can be developed
progressively. Wholesale institutional reform is
challenging and disruptive. At the outset, small
changes in current practice and small-scale
pilots may provide proof-of-concept sufficient
to build consensus for larger-scale reforms.

The roadmap suggests the following:

(1) Immediate actions

Continue the market liberalisation pro-
gramme. Phase 1 of the DRC-Shell coopera-
tion suggested a programme of electricity
market liberalisation; consistent with this,
China’s 13th Five-Year Plan (2016-20) aims
to improve the systems by which markets
play the decisive role in resource allocation. It
will be important to continue with the market
liberalisation programme to deliver a more
advanced and efficient electricity system.
Rationalise investment planning. Clearly
defined metrics for reliability and economic
efficiency help network planners to identify
efficient investments. Meanwhile, the appli-
cation of the “beneficiary pays principle”
encourages investment that increases produc-
tivity and avoids diverting national resources
to stimulate regional output. Together, these
approaches, when applied at national and
regional level, facilitate greater interconnec-
tion and sharing of generation services.
Implement a coordinated approach to
investment. The use of a common investment
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framework enables coordinated planning of
generation and network investment, harness-
ing both strategic decisions and market
enterprise. For example, the framework might
set out the role of generation zones for
large-scale renewables alongside alternatives
like small-scale distributed generation.
Implement smart system architecture. Smart
distributed resources are crucial to affordable
decarbonisation. Before building the dis-
tributed resources, the system architecture to
manage it should be laid down. At a mini-
mum, this includes: deployment of smart
meters to introduce time-of-use pricing to
consumers in the distribution network;
upstream information and communications
architecture; and R&D to develop technical
solutions for the smart grid.

(2) Move towards efficient pricing

e Deregulate prices. Cost-reflective pricing can

signal investment and operational efficiency
to decision makers. The deregulation of prices
can proceed sequentially, with further price
reform contingent on the success of previous
reforms. Price reform could commence
upstream and progress downstream, begin-
ning with input fuels and progressing through
generation, network access and ending with
retail, with provision to protect retailers if
wholesale prices rise above retail prices
before deregulation

is completed.

Create harmonised trading arrangements
between transmission systems. Use prices to
determine interconnector flows between
provincial and regional transmission systems,
signalling which provinces or regions could
benefit from new investment. The prices
would stimulate lower-cost generators to
respond to demand.

Implement time-of-use pricing. Time-of-use
pricing allows consumers and flexible
resources to respond to variation in genera-
tion costs and demand. Again, it can proceed
sequentially, starting with larger consumers,
such as industrial facilities with flexible

production schedules, and ending with smart
household appliances.

Consider locational pricing. Similarly, loca-
tional pricing can signal investment and
operational efficiency, but it brings disad-
vantages as well as advantages. China may
consider locational pricing, after it has
implemented time-of-use pricing, to signal
geographical network constraints once
demand peaks have been shaved. Zonal
pricing is a potential intermediate step
between uniform and full nodal pricing.
Protect end users. The deregulation of retail
electricity may result in rent-seeking by
retailers, raising consumer prices. This can
happen if consumers do not switch suppliers
readily or for other reasons if competition is
not effective. Policies to protect consumers
could be developed alongside any deregula-
tion of retail electricity prices.

(3) Begin market trials

Create small-scale trials. Create small-scale
trials to competitively procure new transmis-
sion investments, non-network alternatives to
new transmission assets, ancillary services
and so on. Use competitive tenders or auc-
tions for the trials. These may provide
proof-of-concept and experience with inno-
vative, cost-effective solutions. To be suc-
cessful, procurement must be open-access and
transparent.

Progressively introduce market procurement.
If the competitive procurement trials are
successful, they can be scaled up and wider
market procurement progressively intro-
duced, where appropriate, across each trans-
mission system. Market procurement can
reveal information about the relative cost and
benefits of a range of technologies.

(4) Make institutional choices

Develop transmission network institutions.
Options include the status quo, an enhanced
role for market procurement, and a regulated
transmission system operator (TSO) or
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independent system operator (ISO). Interna-
tional experience of the regulated TSO or ISO
model is yet to reveal the best performer of
the two, so it matters more to adopt a good
quality institutional model early than to
choose between the options.

o Select a model of control for decentralised
resources. Initially, when the number of
resources is small, the TSO may be able to
control them directly. However, as the num-
ber of resources increases, and as temporal
and locational pricing become more sophis-
ticated, the computational, commercial and
contractual capacity of a single operator
model may be exceeded, and new models of
control may be needed.

2.2.4 An Introduction to Electricity
Networks

Electricity networks transport electricity from
generators to consumers through a combination
of high voltage transmission networks and low
voltage distribution networks. The system oper-
ator balances supply and demand on the network
at all times, within the constraints of available
network capacity.

Liberalisation of electricity markets can lead
to more efficient electricity systems by replacing
government control over markets with competi-
tion. However, government intervention remains
necessary to correct market failures. Electricity
networks are a natural monopoly and may be

Transmission-
connected
generation

Transmission
network

N

Power flow

subject to regulation to ensure efficient invest-
ment and operational decisions and pricing.

(1) Basic concepts

Networks are used to transport electricity and
keep costs down. First, power generators often
operate under economies of scale—it is cheaper
to build a small number of large power plants
than a large number of small plants to serve a
population. Second, generation may be located
remotely, far from sources of demand (for
example, due to environmental constraints).
Third, networks can reduce redundancy in gen-
eration investment, where patterns of generation
and demand vary geographically.

To reduce losses and unit costs, most networks
combine high voltage transmission with low volt-
age distribution. Flectrical losses are low when
power is transported at high voltage, and high when
transported at low voltage. To minimise losses,
electricity networks use high voltage transmission
to carry electricity over long distances, and low
voltage distribution to deliver electricity to con-
sumers. Figure 25 provides a stylised illustration of
a conventional electricity network.

Transmission networks are typically meshed
networks, while distribution networks are radial
networks. Meshed networks are a complex
arrangement of links, with multiple paths con-
necting different nodes. Meshed networks are
more resilient: multiple links provide redundancy,
such that if a single link fails, other paths remain
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Distribution

network consumers

Large industrial
consumers

Fig. 25 Electricity networks transport electricity from generators to end users. Source Vivid Economics
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intact. This redundancy raises the cost of the net-
work. Furthermore, flows of electricity through a
meshed network are governed by physical laws
and are difficult to predict. The operation of a
meshed network is, therefore, complex and com-
putationally demanding. Radial networks are a
simple arrangement of links, with single paths
connecting nodes. Radial networks are less resi-
lient, but also less costly and less complex.

The system operator balances supply and
demand on the network at all times. Network
voltage and frequency need to be maintained
within precise limits to prevent damage to
equipment and blackouts. The maintenance of
stable voltage and frequency is known as system
security. While generators and consumers can
trade privately for electricity supplied through
the network, system security benefits everyone
equally. The system operator arranges with
generators and consumers to adjust output or
consumption to stabilise the network.

Transmission and distribution links have finite
capacity, which leads to congestion. Congestion
occurs if demand at a node is greater than the
capacity of the links supplying that node. As
demand is variable, it is usually not efficient to
invest in sufficient capacity to meet peak demand
at all times. The efficient level of capacity is
lower, which gives rise to a degree of congestion.
The system operator manages this congestion by
balancing generation output and consumer
demand across the network.

The system operator typically balances in one
of two ways. Under a central dispatch system, the
system operator observes potential generation
and consumption on the network and optimises
the pattern of generation and consumption within
the network constraints. Under a bilateral trading
system, the system operator observes contracted
generation and consumption on the network and
identifies areas of network congestion. The sys-
tem operator then curtails some generators
causing the congestion and arranges for alterna-
tive generators on less congested lines to provide
the missing generation.

(1) Balancing the electricity system
A simple example of balancing an electricity
system under network constraints is shown in

Fig. 26. In this example, a system operator bal-
ances a system of two cities interconnected with
a capacity-constrained transmission line. The
numbers in green, blue and purple are the inputs
for the system operator’s balancing problem. The
numbers in red are the outputs.

In City A, generators can produce up to 150
megawatts (MW). Generation costs $10 per
megawatt-hour (MWh). Consumers demand
50 MW. In City B, generators have 50 MW
capacity. Generation costs $20/MWh. Con-
sumers demand 90 MW, exceeding the local
generation capacity. Consumer demand in both
cities is constant and does not change with price.
The interconnection between City A and City B
can carry up to 80 MW.

To minimise the total cost of the system, the
system operator first uses the cheaper generation
in City A. Generators in City A serve local
demand (50 MW) and export 80 MW to City B
(in total 130 MW). Because the 80 MW capacity
of the interconnection is fully utilised, the more
expensive generators in City B serve the rest of
City B’s local demand (10 MW). As a result, the
system price equals the cost of the generators in
City B ($20/MWh), and the total cost is $2,800
(140 MW x $20/MWh).

(2) Electricity networks in a liberalised elec-
tricity system

The liberalisation of electricity markets has a strong
economic rationale: competition maximises effi-
ciency and increases welfare. For this reason, many
countries have gradually liberalised their electricity
markets, reducing government intervention and
increasing competition. Beginning in 1990 with the
UK, liberalisation spread to Norway, Chile,
Argentina, New Zealand and Australiain 1991, and
began to spread across the USA from California in
1994. The European Commission published
directives in 1996 that encouraged more countries
across Europe to liberalise.

Liberalisation of electricity markets means the
development of competitive markets, with mini-
mal government control over the technologies
and prices in these markets. Competitive markets
operate in wholesale electricity, capacity and the
procurement of balancing services. Historically,
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Fig. 26 Example of system balancing with network constraints. Source Vivid Economics

this has been achieved through the unbundling of
generation and retail from the natural monopolies
of transmission and distribution. In parallel, a
process of privatisation often occurred, particu-
larly in the competitive parts of the supply chain.

However, market failures remain and govern-
ment interventions are needed to correct them. As
summarised in Fig. 27, measures include: a strong
carbon price to incentivise low-carbon generation
and reduce demand; a stable, predictable and
credible policy setting to reduce policy risk and the
cost of capital for low-carbon investments; and,
the regulation of natural network monopolies.

2.2.,5 Challenges in Network Provision
Network service providers face challenges as
electricity systems decarbonise and decentralise.

(1) What are the challenges?

The challenges of efficient network provision
encompass planning and delivery, operation and
cost recovery. Challenges in planning and delivery

Fig. 27 The objective of an
electricity market is to supply -

Electricity markets
A

arise from uncertainty over future electricity
demand and the difficulty of coordinating network
investment with independent generators. Chal-
lenges in operation arise from the capacity con-
straints of the network, the complexity of the
system, and the unpredictability of flows of elec-
tricity. Challenges in cost recovery arise from the
natural monopoly characteristics of electricity net-
works, and the difficulties of mitigating monopoly
behaviour with conventional regulation.

(1) Planning and delivery

Planning and delivery of electricity networks
faces uncertainty over future electricity demand
and difficulties in coordinating network invest-
ment with independent generators. First, the
volume and location of future demand is uncer-
tain and depends on population growth, changes
in settlement patterns, and changes in industrial
structure, technology and economic growth.
Network planners judge where network assets
will be required. Second, while vertically

Correcting failures

services so that demand and
supply can be balanced, while
correcting market failures.
Source Vivid Economics
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integrated utilities coordinate their plans for
generation and network investment, in a liber-
alised electricity system, generation and network
investment are carried out by separate organisa-
tions. Without coordination, generators face the
risk that their revenues may be curtailed by net-
work congestion, and networks face the risk that
generators will underuse their assets.

(2) Operation

Balancing the electricity system is challenging
due to system complexity and the unpre-
dictability of electricity flows. With many sour-
ces of generation and consumption, as well as
network constraints, the optimal level of pro-
duction and consumption for each source is a
complex calculation. Furthermore, due to the
physical laws governing electricity networks, the
precise flows of electricity through the network
depend on the volumes of consumption and
production of each generator and user and cannot
be predicted in advance.

(3) Cost recovery

Electricity networks are natural monopolies. One
of the roles of the system operator is to levy
charges to pay the network owner. This is
achieved by designing tariffs that recoup capital,
operation and maintenance costs for the network
owner, and passing these costs through to net-
work users. When the network operator is also
the network owner, it operates as a monopoly
and is incentivised to underinvest in network
infrastructure and charge high prices to
consumers.

Innovative arrangements are needed to miti-
gate monopoly behaviour effectively. Electricity
networks are characterised by high capital costs
and economies of scale. For these reasons, elec-
tricity networks are natural monopolies, with a
single network serving a given area. The con-
ventional approach to mitigating monopolistic
behaviour in a natural monopoly is regulation.
However, regulators have imperfect information
on current network costs and how these costs can
be reduced over time as productivity improves.
Depending on the type of regulation, network

companies may face incentives to overstate their
costs or to overinvest.
(2) Future changes: decarbonisation and
decentralisation

Potential changes in key characteristics of the
electricity system are encompassed within two
broader trends: decarbonisation of electricity and
the wider energy system; and decentralisation of
system resources, as summarised in Fig. 28.
These changes, and their implications for the
challenges of efficient network provision are
described below in turn.

(1) Decarbonisation

Decarbonising an electricity system requires
changes in generation technologies and
far-reaching changes in patterns of electricity
demand. Generation technologies will shift from
fossil generation to low-carbon generation, that
is, a mix of carbon capture and storage, nuclear,
biomass and renewables. Electricity demand will
be affected by increases in demand from electri-
fication of end-use sectors, particularly heat and
transport, as well as decreases in demand from
greater efficiency of electrical appliances. There
will also be a shift in the profile of demand, as
low-carbon flexible resources (electricity storage
and demand-side response) emerge to balance
the relatively inflexible generation profile of
nuclear and renewables.

These changes are likely to make harder the
challenge of planning and delivering network
infrastructure. Future volumes of demand will be
more difficult to forecast, due to uncertainty over
the level of electrification of end-use sectors and
improvements in the efficiency of electrical
appliances. Another element of uncertainty is the
degree to which low-carbon flexible resources
will reduce peak demand and, therefore, the level
of network capacity.

Low-carbon flexible resources can be substi-
tuted for new network investments, thus reducing
network costs. However, as these resources pro-
vide different system services (balancing, fre-
quency  response, network  congestion
mitigation), there may be underinvestment in
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Fig. 28 Future electricity grids will be shaped by two broad trends: decarbonisation and decentralisation. Source Vivid

Economics

them if markets do not exist for all the services
the resources provide.

(2) Decentralisation

Decentralisation involves a shift in electricity
resources from the transmission system to the
distribution system. Decentralised electricity
resources comprise generation, demand response
and storage. Decentralised generation includes
wind and solar, which are increasingly connected
to the distribution network, including at the
household level. Demand response is the flexible
operation of electrical equipment in response to
system conditions; electric vehicles are expected
to significantly increase the potential for demand
response as their batteries can be charged at times
of high electricity generation and low demand.
Decentralised storage may also increase, poten-
tially even at the household level.

To unlock decentralised electricity resources
requires a smart grid. A smart grid is charac-
terised by the predominance of controllable
electricity resources (generators, storage and
appliances) throughout the electricity system, the
ability for users to decide when to use their
devices, the development of operating standards
that allow resources to be operated in a coordi-
nated way, sufficient development of digital
technologies (communications bandwidth, data
storage and computing power), and adequate
data security and privacy protocols.

Decentralisation exacerbates the challenges to
planning, delivery and operation:

e A coordination problem may arise between
the transmission system and the various dis-
tribution systems. Most new investment
occurs in the transmission system, where
adequate information is available on current
and planned resources to inform new invest-
ment decisions. A shift in investment to the
distribution network, where adequate infor-
mation is not typically available, will create a
coordination problem, where investors will
not have a clear understanding of system
needs nor the potential returns on investment.
This could result in overinvestment, under-
investment, a poor technology mix, or a poor
spatial distribution of resources.

e The computational requirements of balancing
a decentralised system will increase signifi-
cantly. Optimising the operation of the entire
system requires knowing the optimal volume
of output and consumption of every resource
in the system. As the number of controllable
resources increases, from the limited set of
large resources in a transmission system to the
total set of resources across all distribution
systems, the computational demands of this
optimisation calculation also increase. If
computing technology is not able to meet these
computational demands, then intermediate
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levels of control are required, and only partial
optimisation is possible.

Finally, decentralisation will require the risks
to data privacy and cybersecurity to be effec-
tively managed. Decentralisation will be accom-
panied by a very significant extension of digital
technology across all distributed resources and
will create risks to data privacy and cybersecu-
rity. Protocols to manage data use and control
these risks can be developed and implemented.

2.2.6 Network Arrangements

to Address Current

Challenges
Best practice arrangements are needed to ensure
efficient network provision. Section 2.2.5 describes
challenges in efficient network provision, and how
these challenges will grow as power systems
decarbonise and decentralise. International experi-
ence since the liberalisation of electricity markets
has produced strong evidence—based on best
practice in network arrangements—on how to meet
the challenges of efficient network provision. Cur-
rent best practice arrangements provide a foundation
for new arrangements to meet future challenges
arising from decarbonisation and decentralisation.
These best practice arrangements comprise:

e an institutional model to align incentives with
public policy objectives: an institutional
model is needed that mitigates monopolistic
behaviour and incentivises networks to invest
in appropriate network infrastructure and
operate it efficiently;

e strategic transmission planning: determining
the appropriate profile of new transmission
investment is a complex process that requires
strategic planning;

e the appropriate level of locational pricing:
investing in and operating networks effi-
ciently requires an understanding of current
network congestion; and

e a regime for merchant transmission invest-
ments: merchant transmission investors have
the potential to deliver more adequate
investment than a single-owner network.

(1) An institutional model to align incentives
with public policy objectives

An institutional model is needed that mitigates
monopolistic behaviour and provides networks
with incentives to invest in appropriate network
infrastructure and to operate that infrastructure
efficiently. Two institutional models that can
create an efficient regime are the transmission
system operator (TSO) model with performance-
based regulation, and the independent system
operator (ISO) model. O highlights the key dif-
ferences between these two models: a TSO both
owns and operates the transmission system,
requiring strong regulation; while an ISO is a
system operator that is fully separated from
ownership of all network resources. Several
intermediate models also exist, for example,
where the system operator and transmission
owner are legally separate companies but owned
by the same parent company (Fig. 29).

As shown in Fig. 30, most electricity systems
have moved from vertically integrated monopoly
utilities before liberalisation to a TSO or ISO model
today. In 1985, Chile was the first country to adopt
the ISO model. The UK shifted from vertical
integration to a TSO with a performance-based
regulation structure in 1990, with Germany fol-
lowing suit in 1998. Following the orders of FERC
(the US electricity regulator), Pennsylvania-New
Jersey-Maryland (PJM) and California (CAISO)
transitioned from a vertically integrated structure to
the ISO model in the late 1990s.

(1) TSO with performance-based regulation

A TSO is an entity that both owns and operates
the transmission system; it therefore has incen-
tives for monopolistic behaviour. The TSO owns
all the network assets and is also responsible for
planning, deployment and operation of the sys-
tem. The TSO model is prevalent in most Euro-
pean countries.

Performance-based regulation is needed to
align a TSO’s incentives with public policy
objectives. A TSO is difficult to regulate as it has
better information than the regulator on the costs
it faces. This gives rise to one of two problems. If
the regulator tries to prevent monopoly
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behaviour by imposing a cap on prices, known as
price regulation, it estimates the price level
required for the TSO to recover its costs.
The TSO then has incentives to exaggerate the
costs it faces and secure price caps greater than
its actual costs, a problem known as adverse
selection. In this case, the TSO can underinvest
and continue to set high prices. If instead the
regulator tries to prevent monopolistic behaviour

performance-based regulation. Source Chawla and Pollitt
(2013)

by paying the TSO for its costs plus a regulated
return (cost-of-service regulation), the TSO does
not have any incentive to take necessary mea-
sures to decrease its costs, a problem known as
moral hazard. In contrast to these approaches,
performance-based regulation seeks to address
both monopoly profits and underinvestment. An
example of performance-based regulation is the
imposition of a price (or revenue) cap, which is
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adjusted every year by the rate of inflation and
target rate of productivity growth. The TSO is
constrained in exaggerating its costs by the reg-
ulator conducting benchmark analysis and
detailed studies of the TSO’s historical accounts.
The TSO has some incentive to lower its costs
because it can retain the difference between the
price cap and its actual cost as profit.

Performance-based regulation is still evolving
and there is no consensus on the optimal practice.
Several forms of performance-based regulation
have been adopted, which continue to evolve. An
example of their evolution is the introduction in
the UK of the RPI-X (retail price index minus X)
mechanism in 1992, and its eventual replacement
by the RIIO (revenue = incentives + innova-
tion + outputs) mechanism in 2013, as described
below. A key challenge in performance-based
regulation is its high information burden. The
regulator has to review the TSO’s accounts and
business plans and undertake benchmark
analysis.

Performance-based regulation in the UK

The UK introduced performance-based regula-
tion in electricity networks in 1992 with the
RPI-X mechanism, later replacing it with the
more sophisticated RIIO mechanism in 2013:

® RPI-X mechanism. Ofgem and its predeces-
sors, the electricity market regulator in the
UK, used the RPI-X mechanism until 2013.
Under this mechanism, Ofgem carried out
cost forecasts to determine the base revenue
required by the TSO to recover its costs.
Based on this base revenue, Ofgem set a price
cap and adjusted it each year for retail price
inflation (RPI) and an assumed target rate of
productivity growth calculated by statistical
benchmark analysis. Ofgem reset the price
cap at the end of the five-year price control
period to ensure that the TSO’s cost savings
are passed on to end consumers. Under the
RPI-X mechanism, the TSO had incentives to
reduce its costs because it was able to retain
the margin between the price cap and its own
actual cost as profit, as shown in Fig. 31.
However, the RPI-X mechanism did not

adequately incentivise service quality or
innovation. It allowed cost savings to be
achieved through decline in quality of ser-
vice, and the five-year price control periods
did not provide sufficient incentives to
develop new technologies (such as smart
meters) with longer investment cycles and the
potential to provide cost savings over the
longer term.

e RIIO mechanism. In 2013, Ofgem introduced
the RIIO mechanism to address its concerns
with RPI-X. The RIIO mechanism takes the
elements of RPI-X that work well, such as
determining base revenue, and adds extensive
innovation and output targets to them.
The RIIO mechanism determines the base
revenue from output-led business plans with
greater use of option analysis and scenario
planning. In their business plans, companies
compare the costs and benefits of options for
delivering long-term outputs under various
scenarios and assess the value of keeping
these options open. Moreover, financial and
reputational incentives strengthen the incen-
tive structure. Ofgem rewards or penalises
companies when they achieve or miss their
output targets. Reputational incentives do not
have a financial element, but they affect
Ofgem’s evaluation of base revenue in the
next review periods. A longer control period,
of eight years, encourages the TSO to focus
on longer term investments, such as smart
meters. RIIO provides a wider set of perfor-
mance incentives than RPI-X, but at the cost
of greater complexity and reduced
transparency.

(2) Independent system operator

An independent system operator (ISO) is fully
separated from ownership of all network
resources. The ISO performs all system operation
functions, including allocating network capacity
among generators and consumers to respect the
physical characteristics of the network, carrying
out residual balancing to ensure electricity is
delivered to where it is most valued, and main-
taining the stability of the electricity system. In
an ISO model, the transmission network
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Fig. 31 Under the RPI-X mechanism, the TSO takes measures to decrease its costs because it retains revenue from

cost savings. Source Vivid Economics

resources are owned by one or more transmission
owners (TOs). The ISO levies charges from
generators and/or consumers for use of the
transmission system and pays these charges to
the TOs. Typically, an ISO is also responsible for
planning new transmission investments, either
mandating TOs to make these investments or
incentivise competitive tenders to facilitate
delivery of investment. An ISO is usually a
non-profit entity.

Separation of operation from ownership
removes the system operator’s incentives to
charge monopoly prices. An ISO may be a
non-profit organisation or may earn profits on
revenues for system operation. As an ISO does
not earn profits determined by revenues from use
of the transmission system or by the cost of
transmission investments, it has no incentive to
charge tariffs that are higher than needed to
recover the investment costs of the transmission
network or underinvest in transmission assets.
Unlike a TSO, therefore, an ISO does not need
performance-based regulation.

The ISO’s functions can be specified by its
mandate and its behaviour can be governed by a
set of rules. The mandate could be to minimise
the total cost of meeting a given reliability

standard. Rules could govern processes for
transmission planning and investment; providing
grid connections to new system resources;
administering competitive tenders for new net-
work assets; levying charges for network use; or
monitoring market power in the electricity
system.

Nevertheless, it is desirable to have in place a
mechanism to incentivise the ISO. It is unlikely
to be possible to specify a set of rules that per-
fectly incentivise the management to meet the
ISO’s mandate. That is, to encourage the ISO to
carry out the planning, investment and operation
of the transmission system to strike the best
possible balance between reliability of electricity
supply and economic efficiency of the network.
Imposition of financial penalties on the ISO is
likely to be a poor incentive mechanism as ISO
revenues are likely to be small relative to the
welfare losses arising from poor performance in
operating the system. Instead, well-designed
management incentives may be needed.

The ISO model is prevalent in North and
South America. Chile, Argentina and Peru were
early adopters of the ISO model. There are many
ISOs in the USA, each covering a transmission
network.
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(2) Strategic transmission planning

The design of new transmission investment is
a complex process and requires strategic plan-
ning. Specific challenges are: the uncertainty in
volume and location of future demand, the
coordination problem facing generation and net-
work investors, and the large number of possible
transmission investments. These challenges can
be mitigated by strategic planning. Key charac-
teristics of strategic planning include:

e Define the objectives of new transmission
investment. Transmission planning is more
effective when the objectives of new invest-
ment are clearly defined. These include reli-
ability (security and adequacy of supply) and
economic efficiency (reduction in the total
cost per unit of output). Defining these crite-
ria allows the benefits of new transmission
infrastructure to be measured.

e Estimate and compare the benefits of each
proposed investment. Cost-benefit analysis is
a key planning tool to identify proposals that
meet investment objectives. Reliability and
economic efficiency can be assessed with
electricity system modelling, and modelling
of multiple scenarios can help identify the
best possible infrastructure investments in
conditions of uncertainty. If available, loca-
tional pricing provides a clear signal of con-

gestion costs and can substantiate the
economic  benefits of new network
infrastructure.

e Consult all relevant stakeholders. As the
costs of investments are borne by network
users, they have incentives to ensure that only
the most valuable network infrastructure is
developed. Stakeholder consultation can elicit
views from generators, consumers (munici-
palities, consumer interest groups) and con-
nected transmission and distribution systems
to inform the cost-benefit analysis.

(3) Appropriate level of locational pricing
Investing in networks efficiently requires an
understanding of current network congestion.
New network investments that relieve significant
network congestion are particularly valuable.

Many electricity systems operate a system of
uniform transmission pricing, which does not
signal network congestion. Under a system of
uniform pricing, the price of electricity is the
same at every network connection, regardless of
the degree of congestion. It does not signal the
need to invest in solutions to relieve network
congestion—such as new network investment,
generation or non-network alternatives to new
transmission assets, such as electricity storage
and demand-side response. While, in principle,
the system operator can signal the need to invest
through location-specific transmission charges,
the rate of these charges is difficult to determine
if the electricity price does not signal network
congestion. Furthermore, uniform pricing results
in redispatch costs, where a plant that is sched-
uled to generate is compensated for curtailment if
the network is congested.

Nodal pricing can help signal network con-
gestion. Nodal pricing, or locational marginal
pricing, is a price mechanism that reflects the
cost of supplying additional electricity at a
specific network connection (node), given the
demand for electricity, transmission constraints
and options for local generation at that node.
When there is no network congestion, overall
demand is met at least cost and all nodal prices
are the same. When network congestion occurs,
demand is met by costlier local generation rather
than cheap generation from another node, raising
prices at congested nodes. Nodal pricing there-
fore signals the need to invest in solutions to
relieve network congestion, such as new network
investment, new local supply, and non-network
alternatives to new transmission assets, such as
electricity storage and demand-side response.

(1) Nodal pricing

Figure 32 provides a simple example of balanc-
ing an electricity system under nodal pricing. In
this example, a system operator balances a sys-
tem of two cities interconnected with a
capacity-constrained transmission line under
nodal pricing. The numbers in green, blue and
purple are the inputs for the system operator’s
balancing problem. The numbers in red are the
outputs.
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Fig. 32 Nodal pricing reflects the cost of supplying additional electricity at a given node. Source Vivid Economics

In City A, generators can produce up to
150 MW. Generation costs $10/MWh. Consumers
demand 50 MW. In City B, generators have
50 MW capacity. Generation costs $20/MWh.
Consumers demand 90 MW, exceeding the local
generation capacity. Consumer demand in both
cities is price inelastic (consumer demand is con-
stant and does not change with price). The inter-
connection between City A and City B can carry up
to 80 MW.

To minimise the total cost of the system, the
system operator first uses the cheaper generation in
City A. Generators in City A serve the local
demand (50 MW). That is why the nodal price in
City A equals the local generation cost
($10/MWh). Generators in City A also export
80 MW to City B. Since the capacity of the inter-
connection is fully used, expensive generators in
City B supply the rest of local demand (10 MW).
As a result, the nodal price in City B equals the
local generation cost ($20/MWh). The total cost is
$1,500 (= 140 MW x $10/MWh + 10 MW x
$20/MWh).

However, nodal pricing has disadvantages as
well as advantages. First, vulnerability to market
power may arise because the segmentation of the
electricity market into smaller locational markets
increases the concentration of generators at each
node with a supply deficit. Some authors chal-
lenge this view and argue that the network
architecture is the main driver of market power,
rather than the pricing mechanism. Nodal pricing
can also reduce liquidity in long-term contract-
ing, such as financial transmission rights and
contracts for differences. This problem is

addressed in the USA by averaging nodal prices
into trading hub prices to provide liquidity to
market participants.

Zonal pricing, another form of locational
pricing, may provide a useful compromise
between uniform and nodal pricing. Zonal pricing
reduces the complexity of having large numbers
of nodes by aggregating them into zones. Similar
to dispatch under nodal pricing, the system oper-
ator first dispatches generation-given transmission
constraints between zones. If transmission lines in
a given zone are congested, the system operator
has to redispatch generation in that zone to alle-
viate congestion. As a result, zonal pricing pro-
vides some of the benefits of nodal pricing in
terms of signalling network congestion, but does
not fully eliminate the redispatch costs associated
with uniform pricing.

Locational pricing may be considered when
time-of-use pricing is fully implemented. Wider
changes to improve the flexibility of the elec-
tricity system through electricity storage and
demand response are expected to reduce demand
and generation peaks, which would automatically
reduce network congestion relative to an inflex-
ible system. These changes require time-of-use
pricing to be fully implemented across all system
resources (including end users) to be effective.

4 A regime for merchant transmission
investments

The entry of merchant transmission investors has
the potential to deliver greater adequacy of
investment than a single-owner network. Mer-
chant transmission investors are third-party
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developers of transmission projects. If locational
pricing is implemented, a merchant transmission
investor has the incentive to invest in a new
transmission link when the revenues from use of
that link are greater than the investment cost.
Therefore, in principle, merchant competition
offers the potential to increase the adequacy of
the transmission infrastructure by investing
where an incumbent is not willing to do so. This
might be the case if the incumbent is an unreg-
ulated monopoly or poorly regulated TSO.

Other attractive properties of the merchant
model are the ability to include non-network
alternatives to new transmission assets in plan-
ning processes, reduce the risk for consumers and
minimise investment costs. In liberalised power
markets, potential merchant transmission inves-
tors could invest in new transmission capacity or
enter the generation market to supply local gen-
eration to a node that is served by a congested
transmission link. Investment risk is transferred
from regulated transmission owners and con-
sumers to the merchant. As the merchant is the
beneficiary of any cost saving, construction costs
may also be minimised.

However, merchant investment alone is
insufficient to ensure overall adequacy of the
network, underscoring the importance of a
well-designed institutional model. Transmission
investments exhibit economies of scale, where
large capacity investments carry only a small cost
premium relative to small investments. As large
capacity investments offer significant additional
benefits at little additional cost, they are socially
desirable; however, as these additional benefits
are reflected in lower locational prices (due to
lower congestion), they are less desirable for
private investors. In this setting, merchants will
tend to underinvest in new network capacity.
Alternatively, with an ISO institutional model,
the ISO can also ensure overall network ade-
quacy by planning new network capacity and
delivering new investment at minimal cost by
running competitive tendering processes.

Merchant transmission investments have been
implemented in the USA, Australia and Argen-
tina. In the USA, merchant investment is pro-
moted by the Federal Energy Regulatory

Commission (FERC) Order 1000, and several
projects are in progress or have been completed
in recent years. Nearly all merchant-led invest-
ments have been on interconnectors, that is, links
between separate networks. Here merchants
alleviate coordination and cost allocation issues
between different system operators.

2.2.7 Network Arrangements

to Address Future

Challenges
This section discusses new network arrangements
to address the future changes brought on by
decarbonisation and decentralisation. They are:

e Strategic generation zones: Strategic genera-
tion zones coordinate investment in trans-
mission and generation assets and connect
remote renewable energy resources to large
population centres.

e Markets for flexibility services: Flexible
resources, such as electricity storage and
demand response, can be a substitute for new
network investment, as well as providing a
range of different system services. A simple
set of markets for each system service can
reward flexible resources and avoid
underinvestment.

o System for controlling decentralised resour-
ces: While distribution networks today are
largely passive (one-directional flow between
the transmission system and the end user),
they will need to become active (distributing
power from various sources and bidirectional)
to accommodate distributed resources. Dis-
tributed resources increase the complexity of
the electricity system. If the system is too
complex for a single system operator to bal-
ance, a hierarchy of resource control will be
needed, with intermediaries such as virtual
power plants and distribution system opera-
tors interacting with the transmission system
operator. The hierarchy of resource control

may reflect computational requirements,
institutional characteristics or operational
vulnerability.

o Coordinated investment in decentralised

resources: Investment in generation and
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storage resources should meet the needs of
the whole electricity system. A decentralised
electricity system may not be able to provide
adequate information to investors on system
needs, raising the risk of inefficient invest-
ment. A coordinated approach to investment
can mitigate this risk.

e Open-access, public data on system condi-
tions and resources: Market participants need
access to market information to facilitate a
level playing field for competition. A data
exchange could be part of an efficiently
functioning energy system, but would need to
be both secure and accessible.

e Accommodate future innovations: Recent
innovations in electricity networks include
new network structures and peer-to-peer
electricity trading, which may offer signifi-
cant benefits. These innovations can be facili-
tated through pilots and early stage funding.

(1) Strategic generation zones

The decarbonisation of electricity generation and
the wider energy system heightens the challenge
of planning and delivering network infrastruc-
ture. The amount of new transmission investment
needed will be more difficult to determine due to
greater uncertainty over the level of total elec-
tricity demand. This uncertainty is due to: (a) the
electrification of end-use sectors and improve-
ments in the efficiency of electrical appliances;
and (b) peak demand, as flexible resources con-
tribute to smoother generation and consumption
profiles. The degree to which generation will be
centralised, that is, connected to the transmission
network, will be difficult to forecast.

In many countries, renewable energy resour-
ces are located in areas that are distant from large
population centres, and thus require large-scale
transmission investment. For example, in the
UK, most electricity demand is located in the
south of England, while a large proportion of
onshore wind resources are located in Scotland
and offshore wind resources in the North Sea.

In a liberalised electricity system, investors in
generation and network investment face a coor-
dination problem. While vertically integrated
utilities can plan generation and network

investment simultaneously, in a liberalised elec-
tricity system, generation and network invest-
ment are carried out by different institutions.
Generation investors face the risk that their rev-
enues may be lower due to inadequate network
investment, and network investors face the risk
that generators will underuse their new network
investments. This can lead to underinvestment.

This coordination problem can be mitigated
with strategic generation zones. If a strategic
decision is made to exploit a large renewable
resource that is distant from large population
centres, generation investors may be given
incentives to invest there. This may require an
overarching strategic plan to be developed by an
institution, such as a government agency, with
sufficient authority to determine the location of
both transmission and generation investment. It
may also require a credible, long-term regime for
network connection to be developed to reduce
stranded asset risks for generators. For example,
in the UK, nine offshore wind farm zones of
varying sizes with the capacity to deliver 33 GW
were identified within British waters. The Crown
Estate, the statutory owner of seabed rights,
asked renewable energy developers to bid for
exclusive rights to develop offshore wind farms
within the zones. The Electricity Networks
Strategy Group, a high-level forum of key
stakeholders in electricity networks, including
the Crown Estate, then identified the key trans-
mission investments needed to meet future
demand, given the expected location of future
generation. The areas identified by this exercise
are shown in Fig. 33.

(2) Markets for flexibility services

Decarbonisation will require flexible resources,
electricity storage and demand response, which
offer non-network alternatives to new transmis-
sion assets. Electricity networks are costly,
long-lived assets. Investment in them is made
with uncertainty over the future spatial and
temporal profile of generation and demand. It
will be increasingly valuable to substitute flexible
resources like electricity storage and demand
response for new network investments where
possible, or defer new network investments until



Special Report 1: A Study of China’s Energy Supply Revolution 97

2

e

Fig. 33 UK offshore wind farm zones identified for the development of renewable energy. Source The Crown Estate

(2017)

the future profiles of generation and demand are
better understood. As discussed later in this
report, nodal pricing provides a locational signal
for non-network alternatives.

Flexible resources provide a range of system
services. As well as substituting for and deferring
new network investments, services provided by

flexible resources include balancing and system
stability. To provide balancing services, elec-
tricity storage can hold surplus energy until it is
needed, and demand response can shift demand
to when electricity is being generated. To provide
system stability, electricity storage and demand
response can adjust system voltage and
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frequency. For flexible resources to be deployed
at volumes that bring the greatest benefits,
mechanisms exist to reward them for the system
services they provide.

A simple set of markets for each system
service allocates existing flexible resources and
signals investment need. Storage and demand
response are already actively engaged in bal-
ancing supply and demand in several wholesale
markets worldwide. However, markets for sys-
tem stability are typically not developed enough
to allow flexible resources to participate to their
fullest extent. Procurement mechanisms for
system services typically specify these services
in terms of the properties of the thermal gener-
ators that historically provided them, such that
these mechanisms are often closed to new,
low-carbon flexible resources. Recent attempts
to create procurement mechanisms for flexible
resources have resulted in a patchwork of
complex and mutually inconsistent mechanisms.
For example, in the UK, electricity storage
facilities providing a short-term ancillary ser-
vice called enhanced frequency response are not
allowed to participate in the capacity mecha-
nism. A simple set of markets to reward all
system services provided by flexible resources
is needed to ensure adequate investment in
non-network alternatives.

(3) Model for
resources
While distribution networks today are largely pas-
sive, they will need to become active to accom-
modate distributed resources. As demand on the
distribution network is typically inflexible, gener-
ators for the transmission system operate flexibly to
meet demand and maintain system security. As
decentralised electricity resources (distributed
generation, storage and demand response) are
deployed in the distribution network, these
resources will need to operate flexibly.
Distributed resources increase the complexity
of the electricity system. Optimising the opera-
tion of the electricity system involves finding the
optimal volume of output and consumption of
every resource in the power system. A conven-
tional, centralised electricity system typically

controlling decentralised

includes a limited number of large
transmission-connected generators, suppliers and
large industrial consumers with flexible demand.
However, a decentralised electricity system will
include a very large number of small decen-
tralised resources. The number of resources to be
optimised might increase by a factor of several
million.

A similar increase in computational demand
would occur if the temporal resolution at which
resources are controlled increases. For example,
shifting from hourly to real-time
(second-by-second) settlement of all dispatch
and consumption actions would increase the
computational demands of optimal system bal-
ancing by a factor of 3,600.

If the system is too complex for a single
system operator to balance, a hierarchy of
resource control will be needed. Complete opti-
misation of a decentralised electricity system
would have very significant computational
requirements. If computing technology is not
able to meet these requirements, then control of
the system will be distributed.

Virtual power plants (VPPs) and distribution
system operators have a role to play in a hierar-
chy of resource coordination. VPPs, also known
as aggregators, could coordinate (aggregate)
decentralised resources and coordinate them
individually to present the (transmission) system
operator with a level of net generation (or con-
sumption). If the system is complex, more than
two levels of resource coordination might be
needed, for example, with some VPPs coordi-
nating the activity of smaller VPPs further down
the hierarchy. Distribution system operators are
VPPs that coordinate all resources in a given
distribution system, either directly or via inter-
mediate VPPs.

Hierarchies of resource control provide only
partial optimisation of the electricity system. In
order to optimise the whole electricity system, a
single optimising agent must know the demand
and supply curves for each system resource.
Where no single agent has this information, only
partial optimisation is possible, as groups of
resources for which information is available must
be optimised separately. Markets between groups
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of resources will be required to coordinate their
operation to balance the whole system. However,
supply and demand curves in electricity systems
change in real time, while the process of price
discovery in decentralised markets takes place
over time through multiple iterative trades.
Therefore, markets between multiple levels of
resource coordination can provide only a partial
optimisation of the electricity system.

A decision needs to be made about how dis-
tributed resources will be coordinated, with
several possibilities available. Four possible
models for operating a distribution system of
distributed energy resources are currently being
discussed in the literature, and are illustrated in
Fig. 34. These models are:

o Whole system operator. This model involves
only one level of control. The transmission
system operator (TSO) carries out constrained
dispatch of the whole electricity system. In
other words, it carries out least-cost dispatch
across all resources in the transmission and
distribution systems, taking capacity con-
straints in both systems into account. In this
model, distribution system operators retain
their current, minimal functions of basic

planning and operation of the distribution
system.

o Whole system operator with distribution sys-
tem operator. This model has two levels of
control. First, the TSO carries out economic
dispatch of the whole electricity system,
including constrained dispatch of the trans-
mission system. In other words, it carries out
least-cost dispatch across all resources in the
transmission and distribution systems, but
only takes capacity constraints in the trans-
mission system into account. Second, distri-
bution system operators (DSOs) modify the
operation of distributed resources to allow for
capacity constraints in the distribution
system.

e Virtual power plants (VPPs) with distribution
system operator. This model involves three
levels of control. First, VPPs provide the
transmission-level system operator with offer
curves for generation or demand reduction for
the resources they operate. Second, the
transmission-level system operator carries out
constrained dispatch of the transmission sys-
tem. Third, DSOs modify the operation of
distributed resources to take into account

Relevance of transmission-distribution interface and number of control levels
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Whole system operator
with DSO

Whole system operator
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Fig. 34 There are several possible models for coordinat-
ing distributed energy resources. Note TSO = transmission
system operator; DSO = distribution system operator;

DER = distributed energy resources; VPP = virtual power
plant. Source Vivid Economics
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capacity constraints in the distribution
system.

e Distribution system operator. This model
involves two levels of control. First, DSOs act
as sole distribution-level VPPs, controlling all
distribution system resources and carrying out
constrained dispatch of the whole distribution
system. DSOs provide the transmission-level
system operator with bid or offer curves for
the generation and demand resources they
operate. Second, the transmission-level sys-
tem operator carries out constrained dispatch

of the transmission system.

Key criteria when choosing a model are the
computational requirements, institutional char-
acteristics and operational vulnerability of each
model. As explained above, systems with high
computational requirements or small improve-
ments in computing technology will require more
levels of resource coordination; while systems
with low computational requirements or large
improvements in computing technology will
require fewer levels of resource coordination,
and—with sufficiently developed computing
technology—potentially a whole system opera-
tor. Preferences for specific institutional charac-
teristics are also relevant. For example, the
system operator and distribution system operator
models involve coordination of resources by a
single operator. Consumers may or may not have
concerns about price, quality of service and pri-
vacy. If they have concerns, they might prefer a
model involving control of resources by VPPs,
which compete to meet customer requirements.
Finally, the models may have different degrees of
vulnerability to digital failures, such as those
caused by cyberattack.

Hierarchies of resource control may be needed
until digital capabilities are sufficiently developed.
While in the near term a single operator may be
able to optimise the electricity system with rela-
tively low volumes of distributed resources, once
sufficient volumes of distributed resources are
deployed the task of optimisation may be too great
for a single operator. Hierarchies of control may
be established early to ensure increasing volumes
of distributed resources can be accommodated if

improvements in computing technology fail to
keep pace with increases in computational
requirements. Even if computing technology
improves to the point where a fully distributed
system can be optimised by a single operator, an
increase in the temporal resolution of system
control (for example, from half-hourly settlement
towards real-time settlement) would result in
significant increases in computational require-
ments. A shift from hierarchies of control to a
whole system operator model would only be
viable if improvements in computing technology
were sufficient to meet the requirements of opti-
mising a fully distributed system in real time.

(4) Coordinated investment in decentralised
resources

Electricity systems with largely centralised
resources provide adequate information to inves-
tors on system needs. Electricity systems periodi-
cally require investment in new resources, such as
new generation plants. In theory, developers invest
in new resources in response to a price signal in the
wholesale market. These new investments are
typically large. In principle, this leads to a coordi-
nation problem, whereby either several investors
might plan to develop a similar resource (overin-
vestment), or investors might not invest in required
resources due to the risk that other investors might
do so (underinvestment). In practice, these risks are
minimised because the transmission system oper-
ator knows which resources are under development
and awaiting grid connection and can make this
information public.

However, a decentralised electricity system
may not provide adequate information, risking
inefficient investment. As resources shift to the
distribution system, the same coordination
problem may arise. This is because unless ade-
quate procedures are introduced, no single mar-
ket participant knows which resources are under
development and awaiting grid connection across
all electricity systems. The consequence is,
again, inefficient investment: overinvestment,
underinvestment, a poor technology mix, or a
poor spatial distribution of resources.

The risk of inefficient investment can be
mitigated through a coordinated approach to
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Fig. 35 A coordinated approach can ensure efficient investment in electricity system resources. Note TSO = trans-
mission system operator; DSO = distribution system operator. Source Vivid Economics

planning new assets. As set out in Fig. 35, this
could be achieved either through formal pro-
cesses for resource planning and decision-
making, or through provision of information:

e Formal processes for resource planning and
decision-making have been introduced in
Spain and Ireland by the system operators of
the transmission and distribution systems.
Processes include formal collaboration, with
the TSO and DSOs planning infrastructure
and generation investment together. For
example, in Spain, some regional adminis-
trations formed evaluation boards. In these
boards the administration, TSO, DSO and
developers coordinate investment plans and
grid connection requests. The TSO and DSO
analyse and approve investment plans toge-
ther, thereby minimising network develop-
ment and project costs and risk. In Ireland,
under the group processing approach,
investment plans of developers are collected
in batches and then submitted to the TSO and
DSO for consideration. The TSO or DSO
then processes the plans that are most suited
to its system. This approach coordinates the
development of the transmission and

distribution systems and efficiently allocates
scarce capacity.

e An alternative approach is to provide ade-
quate information. For example, compulsory
registration in a publicly available database
when applying for planning or grid connec-
tion consent would provide investors with an
understanding of the pipeline of future
resources and allow them to evaluate poten-
tial investments against the expected system
requirements.

(5) Open-access, public data on system con-
ditions and resources

The development of digital infrastructure is
expanding the amount of data and information
available. Smart meters in buildings track the
profile of energy use every second, offering a
new source of information on energy consump-
tion and user behaviour. In the electricity grid,
sensors and wide area networks monitor grid
reliability, providing real-time information on
network conditions.

Market participants need a degree of access to
market information to facilitate a level playing
field for competition. The Council of European
Energy Regulators, for example, has identified
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limited access to information as a key barrier to
entry for new market participants. Access to
information about distributed energy resources
and network conditions may also grow in
importance in the future. This information may
provide a foundation for new opportunities for
system balancing, as new participants could enter
the market and find more efficient balancing
solutions.

A data exchange could be part of an efficiently
functioning set of future energy networks but
would need to be managed carefully to mitigate
risks while being accessible. A data exchange is a
secure store of data, for example, on customer
use patterns, available distributed energy
resources, local prices and network conditions.
The availability of this data raises privacy con-
cerns, so a balance would need to be struck
between accessibility and protection. Use of data
exchanges will require adequate institutional
arrangements. For example, if DSOs, who par-
ticipate in markets for electricity system services,
ran data services to which they gave themselves
preferential access. In the long term, digital
developments may make the operation of data
exchanges by centralised authorities unneces-
sary, particularly if electricity trading shifts
towards peer-to-peer exchange.

(6) Accommodating future innovations
Innovations in electricity networks include new
network structures and peer-to-peer electricity
trading, which may offer significant benefits.
New network structures, including microgrids
and fractal grids (a system of multiple micro-
grids) have the potential to make electricity
systems more resilient to failure (see Sect. 1 on
new network architectures below). Peer-to-peer
trading through a distributed data management
platform, such as a blockchain, offers the
potential to lower transaction costs and reduce
the role of intermediaries in electricity markets
(see Sect. 2 on peer-to-peer trading below).
These innovations can be facilitated by the
necessary policies and models needed to deliver
efficient networks today and in the future. Most
fundamentally, liberalised electricity markets
provide a supportive environment for the

development, demonstration and adoption of
innovations. More specifically, an institutional
model that aligns system operator incentives to
public policy objectives will be needed to miti-
gate any incentive for incumbents to block the
spread of innovations. A model for control of
decentralised resources will also be needed to
offer innovations, such as new network structures
and peer-to-peer electricity trading, the opportu-
nity to participate in electricity markets.

It is possible that over time these and other
innovations will drive or enable larger changes
that have the potential to restructure the electricity
system more significantly. It will be worthwhile
monitoring new technologies and business mod-
els, so that policy and regulation can respond
appropriately, to realise value and address risks.

(1) New network architectures
Microgrids and fractal grids are innovative net-
work architectures. Both architectures provide
greater resilience than the radial links of con-
ventional distribution networks. Microgrids
achieve resilience through redundancy in gener-
ation, while fractal grids achieve resilience
through redundancy in network infrastructure.
A  microgrid is a small-scale, partially
self-sufficient network, incorporating both gener-
ation and demand sources. Microgrids may be
connected to the local distribution network,
importing or exporting electricity according to
system conditions, but may also disconnect from
the distribution network and operate as an island.
As a microgrid can meet some or all of its own
demand, it is more resilient to wider system fail-
ures, caused by a fault or cyberattack, than a radial
network, and is well suited for critical functions
such as hospitals, military installations or data
centres. As microgrids are self-sufficient, they
may require more on-site generation than con-
ventional networks. The deployment of on-site
generation in microgrids may result in a larger
volume of generation assets in the wider elec-
tricity system, implying a degree of asset redun-
dancy and an increase in costs. In principle, the
redundancy can be mitigated if sufficient genera-
tion is deployed to serve only essential loads when
islanded. A microgrid can aggregate its resources
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like a virtual power plant to coordinate trading
with the wider electricity system. This aggrega-
tion can be accomplished by a central controller,
or potentially by peer-to-peer communication of
individual microgrid resources, without a central
controller. Figure 36 shows the structure of a
microgrid with some of these features.

A fractal grid is a new network structure cur-
rently at the concept stage. A fractal grid combines
the economy of radial networks, where redun-
dancy is minimal, with the resilience of meshed
networks, where nodes are connected by multiple
links. The fractal grid achieves these properties
through use of a fractal, or recursive pattern,
where multiple sets of links with the same struc-
ture are connected in a parent-child relation-
ship. Failure of a single link does not prevent
power flow between nodes, and the fractal archi-
tecture can accommodate microgrids that are able
to island themselves during wider system failure.
Proponents of fractal grids note that most urban
spatial areas already have a fractal structure, so a
fractal grid system would be easy to develop in
cities. There are several fractal grid demonstration
projects ongoing. For example, CleanSpark’s
FractalGrid has a federated structure that connects
microgrids in a parent-child relationship.

Microgrids in the FractalGrid can share their
generation and services with other microgrids to
shave peak demand and increase the reliability of
the whole system, or they can island themselves to
manage generation and load independently. The
FractalGrid Demonstration at Camp Pendleton
military camp in California and NRECA’s Agile
Fractal Grid are other examples of microgrids in a
parent-child relationship.

(2) Peer-to-peer electricity trading

Peer-to-peer electricity trading could allow indi-
vidual owners of small-scale generation, storage
and demand resources to participate in electricity
markets. Currently, electricity is traded between
generators and large electricity suppliers. Virtual
power plants are also likely to enter the elec-
tricity market. In addition, developments in
peer-to-peer electricity trading could facilitate
individual owners of small-scale generation,
storage and demand resources to trade electricity.
Peer-to-peer energy trading is being piloted by
several small microgrids. For example, the
Brooklyn Microgrid in New York connects
generators, distribution lines, batteries and load
sources, with trades and electricity flows tracked
though a blockchain distributed ledger.
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If peer-to-peer trading becomes widespread, it
may reduce the role of intermediaries operating
the electricity system. Some commentators sug-
gest that blockchain could automate the active
participation of large numbers of distributed
energy resources, such that an intermediary like a
virtual power plant is not required. In future,
peer-to-peer electricity trading might take place
not only within a microgrid, but between resour-
ces at the level of the distribution system, and
potentially the transmission system. It is theoret-
ically possible that sufficient automation might
reduce the role of system operators in distribution
or even transmission, though it is likely that their
core roles, managing network constraints and
maintaining system security, will remain.

2.2.8 Country Case Studies

This section presents six case studies of network
arrangements across five countries: China, the
USA, the UK, Germany and Australia. China’s
experience illustrates the challenges in providing
efficient network infrastructure under complex
institutional arrangements and limited use of
strategic planning of infrastructure investments.
The USA provides a contrasting example of a
large territory, with multiple separate transmis-
sion systems, that has gone through the liberali-
sation process under the oversight of a central
regulator. PIM, one of the larger US independent
system operators, is considered the leading
example of state-of-the-art network arrange-
ments. The electricity transmission network in
the UK is owned by three separate transmission
companies, one of which (National Grid) is also
the operator for the whole system. As a TSO,
National Grid 1is subjected to innovative
performance-based regulation, though the UK is
now moving closer to the ISO model. Germany,
like the USA, has several transmission systems,
which participate in wider transmission planning,
both nationally and with other European system
operators. Australia has highly progressive mar-
kets for system services, facilitating electricity
storage and enabling its use as an alternative to
new transmission investments. Each section
below discusses for each country the institutional
arrangements, the processes for transmission

planning and delivery, the extent to which loca-
tional pricing has been implemented, and recent
developments to prepare for the future challenges
of decarbonisation and decentralisation.

(1) China

(1) Institutional arrangements

Liberalisation of China’s electricity sector has
progressed in three distinct phases. Before the
start of the liberalisation process, the then Min-
istry of Electric Power owned and operated the
generation, transmission and retail of electricity.
In 1985, the generation market was opened to
private investment to address severe power
shortages. Then, in 1996, the ministry was
abolished, the State Power Company was estab-
lished, and the State Economic and Trade Com-
mittee took over the regulatory functions of the
ministry. As a result, the electricity business was
separated from government functions. In 2002,
generation was unbundled from transmission and
retail; two grid companies, State Grid Corpora-
tion of China and China Southern Power Grid,
were created; and the State Electricity Regulatory
Commission (SERC) was established. Taking the
liberalised electricity markets as a model, the
reform aimed to create competitive wholesale
markets and regulated network tariffs.

After a decade of relatively limited reforms, a
new phase of reform is now underway. SERC,
which would lead the liberalisation of the elec-
tricity sector, was folded into the National Energy
Administration in 2008, which is part of the
National Development and Reform Commission
(NDRC). As the leading planning agency under
the Chinese State Council, NDRC defines policies
for China’s economic and social development.
Transmission and retail of electricity has remained
vertically integrated. Prices and network tariffs are
still regulated centrally. In 2015, the Communist
Party Central Committee and the China State
Council published a statement committing to
electricity market reform and the introduction of
competitive wholesale and electricity markets.

The Chinese electricity sector has a complex
institutional framework. Several institutions have
overlapping authority over the sector, and there is
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no mechanism to coordinate the actions of these
institutions. All institutions in the electricity
sector are overseen by central government.

The Chinese transmission system comprises a
set of partially interconnected provincial trans-
mission systems, with some additional intercon-
nections at the regional level. State Grid
Corporation of China and China Southern Power
Grid are in charge of regional interconnectors,
while the regional grid companies control inter-
connectors between provinces, and provincial
grid companies manage the transmission network
within their provinces.

The Chinese transmission grid is operated by
provincial grid companies. Electricity dispatch and
trading centres develop generation schedules and
manage congestion. The provincial grid companies
schedule annual and monthly generation and also
manage ancillary services. Scheduling of genera-
tion is determined by provincial governments
based on an allocation of operating hours, rather
than on need. This causes significant curtailment of
renewable electricity, if alternative generators are
scheduled to operate at times of high renewable
output. In 2015, total renewable curtailment

Corporation of China and CSG is China Southern Power
Grid. Source Vivid Economics

amounted to 1.6% of China’s electricity demand.
Figure 37 shows the structure of the Chinese power
sector before and after the 2002 reform. The reform
aimed to aggregate the provincial markets into six
regional markets, but this is still in progress.

(2) Transmission investment

Network planning follows a top-down process.
The National Development and Reform Com-
mission’s (NDRC) five-year plans define general
network investment programmes. These pro-
grammes are aimed at driving economic growth,
rather than meeting reliability or economic effi-
ciency targets. Provincial governments and local
NDRC branches refine these general investment
programmes for their administrative territory,
typically without stakeholder consultation.

In line with the multilevel structure of the grid
companies, investment in the transmission network
follows a multilevel structure. State Grid Corpo-
ration of China and China Southern Power Grid
invest in interconnectors between regions, while
the regional grid companies invest in interconnec-
tors between provinces, and provincial grid com-
panies are responsible for the transmission network
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within their provinces. Construction of transmis-
sion networks stretching through several regions
requires the involvement of several regional grid
companies. There is no merchant involvement in
transmission investment.

(3) Level of locational pricing

There is no locational pricing and transmission
congestion is not priced. The regulatory bodies,
the NDRC and State Electricity Regulatory
Commission set the wholesale and retail prices of
electricity. Provincial governments amend the
centrally set price to achieve local policy and
economic development goals.

(4) Modernising network arrangements

China does not have specific procedures to
ensure non-network alternatives to new trans-
mission assets are assessed in new transmission
planning and investment decisions, though
investment in electricity storage is increasing.
The Chinese government runs pilot projects and
subsidises investment in private battery storage
projects. According to Bloomberg New Energy
Finance, around 180 MW of battery storage is
under development in China. The government’s
Golden Sun programme subsidises investment in
photovoltaic panels and battery storage.

(5) Summary of arrangements
See Table 3.

(2) USA

The US transmission network consists of inter-
linked regional transmission networks, each of
which covers a large geographic area and has a
different institutional model and set of arrange-
ments to the others. Figure 38 presents the
regional transmission networks of the USA. While
some of them have adopted state-of-the-art
approaches and are interconnected with their
neighbours, others are isolated and remain verti-
cally integrated from generation to retail. More-
over, five alternating current electricity grids
(Eastern, Western, Quebec, Alaska and Texas
interconnections) cover the USA and Canada and
tie together regional transmission networks, and
hence utilities, in their territory.

(1) Institutional arrangements

Two federal regulators, Federal Energy Regula-
tory Commission (FERC) and North American
Electric Reliability Corporation (NERC), oversee
the US transmission system. FERC regulates the
transmission and wholesale sale of electricity in
interstate commerce, reviews the siting applica-
tion for transmission projects, and ensures relia-
bility of the interstate transmission system by
setting standards. NERC, overseen by FERC,
develops reliability standards and ensures the
reliability and security of the power system as a
whole.

Before the liberalisation of the US electricity
sector, vertically integrated utilities owned and
operated generation, transmission and retail of
electricity in their area. These utilities were
operating in poorly interlinked regional trans-
mission networks covering a single state or a
group of states (region). Following large black-
outs in the north-east in the 1960s, NERC pro-
moted  interconnection  of  neighbouring
transmission networks, so they could exchange
power and increase the reliability of the whole
transmission system.

The Energy Policy Act of 1992 laid the
ground for the liberalisation of the US electricity
sector. It opened the electricity market to inde-
pendent generators and gave FERC the authority
to regulate all wholesale electricity transactions.

FERC issued several orders and proposed a
standard market design for the US electricity
sector. It promoted the unbundling of electricity
generation, transmission and retail, with trans-
mission arrangements following the independent
system operator/regional transmission organisa-
tion (ISO/RTO) model. According to the stan-
dard market design, ISO/RTO ensures open
access for all generators to the transmission
system, manages a competitive wholesale spot
market, and controls congestion using locational
pricing. ISOs and RTOs have similar responsi-
bilities, and in practice there is very little differ-
ence between the legal definition of each. FERC
proposed to exercise jurisdiction over transmis-
sion owners and operators that had not adopted
its standard market design. Many entities chal-
lenged FERC’s proposal. Opponents argued that



Special Report 1: A Study of China’s Energy Supply Revolution

107

Table 3 Summary of network arrangements in China

Institutional
arrangements

Transmission
planning and delivery

Network pricing

Modernising
network
arrangements

Institutional model:

m Transmission
system operators
(TSOs)

m State-owned
inter-provincial
network
companies
(SGCC and CSG)

m Provincial
subsidiaries of
these companies
own and operate
each network as
TSOs

Planning: = No locational
= The NDRC sets pricing in the
) . grid
five-year national
investment plans to » NDRC and
drive economic SERC set
growth central
o wholesale and
m Provincial retail power
governments and prices
regional NDRC
branches then adapt m Provincial
national plan targets governments
to their territories can amend
. ) centrally set
Delivery: prices

m Provincial grid owners
are responsible for
delivery in their
province

m Interconnection
between provinces is
delivered by reginal
grid companies

m SGCC and
CSGinvestin
interconnection
between regions

Investment regime:

m Currently, merchant
transmission
investment is not
possible

Readiness for
decarbonisation:

m Under current
network
arrangements,
planning
processes do
not incentivise
non-network
alternatives to new
transmission
assets

m However,
investment in
storage is rising
and the central
government runs
pilot projects and
provides subsidies
for storage, for
instance, the
Golden Sun
programme

Note SGCC = State Grid Corporation of China; CSG = China Southern Power Grid.

Source Vivid Economics

one standard would not fit the needs of different
regional transmission systems and asked for a
voluntary regional approach, in contrast to
FERC’s mandatory approach. During the
exchange of proposals between FERC and
transmission system entities, several entities with

high electricity prices, such as Midwest Inde-
pendent Transmission System Operator (MISO)
and Southwest Power Pool (SPP), adapted
FERC'’s standard market design to their regional
needs and introduced ISOs voluntarily. Follow-
ing these adaptations, FERC gave up its attempt
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to mandate its standard market design and pur-
sued a voluntary regional approach.

FERC’s push for a competitive electricity
sector and standard market design were received
differently by the regional transmission networks.
Currently, the US power system consists of 10
regional transmission networks. Three of them
(Southeast, Southwest and Northwest) have
maintained their traditional vertically integrated
utility structure and serve customers directly. The
others—California, Midwest (MISO), New
England, New York, Northeast (PJM), SPP and
Texas—Iliberalised their markets and adopted
FERC’s standard market design. They unbundled
generation and retail from their transmission
systems and introduced competition in genera-
tion and retail. Figure 39 shows the key steps in
the evolution of FERC’s standard market design.

(2) Transmission investment

All ISOs assess transmission adequacy, in con-
sultation with stakeholders. A typical ISO peri-
odically reviews adequacy of current and
planned transmission assets with a long-term
horizon to identify reliability concerns and
address public policy needs. The ISO also
organises public stakeholder meetings to ask for

comments from generators, transmission owners,
retailers, end customers and other interested
parties. NERC oversees the planning process.
ISOs and RTOs have adopted different approa-
ches to transmission investment and merchant
involvement in these investments. Some ISOs, for
example New York ISO, identify investment
needs, while transmission owners and merchants
propose solutions and carry out the necessary
planning and investment. Some ISOs, such as
California and PJM, identify transmission invest-
ment needs and plan the investments to address
those needs. Transmission owners, and sometimes
merchant developers, then compete for aspects of
transmission investment, such as land rights,
operations and costs. The California ISO gives a
role to merchant investors, whereas in PJM there is
little merchant activity, despite provisions for it.
To improve reliability and increase trade
volumes between the regional transmission net-
works, ISOs and RTOs coordinate their network
planning and investment. Neighbouring ISOs
and RTOs form committees to develop plans for
their regions. Moreover, interconnections pro-
vide a platform for collaboration between system
operators and coordinate development of
interconnection-wide transmission plans and
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transmission investment. However, these collab-
orations are limited to interconnections and do
not attempt to optimise the national transmission
network as a whole.

(3) Level of locational pricing

Following FERC’s order and standard market
design, the liberalised electricity markets have
adopted locational pricing at varying levels of
granularity and apply different approaches to address
disadvantages of nodal pricing. As an example, PIM
adopted a highly granular nodal pricing mechanism,
but it averages nodal prices into hub prices to provide
liquidity to parties involved in long-term contracts.
CAISO followed a less granular nodal pricing
mechanism than PIM. It argues that high level
granularity increases costs and system complexity,
while not providing significant benefits to compen-
sate for these drawbacks.

(4) Summary of arrangements
See Table 4.

3 PIM

PIM is a regional transmission organisation in
the USA. PIJM (originally named after the
Pennsylvania, New Jersey, Maryland Power

Pool), operates part of the Eastern Interconnec-
tion grid, serving all or parts of Delaware, Illi-
nois, Indiana, Kentucky, Maryland, Michigan,
New Jersey, North Carolina, Ohio, Pennsylvania,
Tennessee, Virginia, West Virginia and the Dis-
trict of Columbia. PJM operates more than
82,000 miles (132,000 km) of transmission lines
and coordinates 1,373 generating sources with
176,569 MW of generation capacity. Around 65
million people live in the PJM area. There are 20
transmission owners serving their respective
transmission zones in PJIM.

(1) Institutional arrangements

In 1927, three vertically integrated utilities inter-
connected their systems to exploit benefits and
efficiencies from sharing their generation resources.
In doing so they founded the world’s first power
pool, PIM. The pool carried out least-cost con-
strained dispatch to reduce costs for pool members.
Later, other utilities joined the pool and extended its
area of coverage. Until the beginning of the 1990s,
member utilities took turns to operate PJM.

In the 1990s, following the liberalisation of
the US electricity market and FERC’s orders
promoting a standard market design, PJM started
its transition from a power pool to an ISO. In
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Table 4 Summary of network arrangements in the USA

Institutional
arrangements

Transmission planning and delivery

Network pricing

Institutional model:

m FERC proposed
best practice is the
RTO model, which
is functionally
similar to the ISO
model

m RTO model has
been adopted by
seven out of ten
interconnection
regions

m However, the
Southeast,
Southwest and
Northwest pools
retain a traditional
vertically
integrated utility
structure

Planning:

= In PJM and CAISO, the SO directly
plans investment projects, while in
regions such as NYISO, TOs or
merchants plan and propose
transmission solutions

m All ISOs review current and planned
TO investments for suitability
against reliability and public policy
needs

m Upstream and downstream
stakeholders are consulted during
the review process, with NERC as
the regulator

Delivery:

m In CAISO and PJM, the SO invites
tenders for planned investment, with
TOs and merchants competing for
delivery

m TOs and merchants propose and
deliver their own solutions in NYISO

Investment regime:

m Merchants may make investments,
although these have largely been
limited to interconnections

m Following FERC orders,
liberalised markets
adopted nodal pricing

m However, ISOs apply this
at different resolutions

= PJM has highly granular
prices, but aggregates to
hub prices to ensure
liquidity

m Nodal prices in CAISO

are less granular than
in PJM

Note FERC = Federal Energy Regulatory Commission; CAISO = California Independent System Operator; NYISO = New York Independent
System Operator; RTO = regional transmission organisation; ISO = independent system operator.

Source Vivid Economics

1993, the PJM member utilities formed the
ISO PJM Interconnection Association, which
operated the PJIM power pool. In 1997, PIM
opened its first bid-based electricity market and
provided the underlying trading platform. Later
that year, FERC approved PIM as the first ISO in
the USA. In 2002, in line with FERC’s standard
market design, PJM became an RTO to operate
the multi-state transmission network. Figure 40
shows changes in the market structure of PJIM
over time.

(2) Transmission investment

PJM carries out a planning process called
regional transmission expansion planning
(RTEP) to ensure future adequacy of the net-
work. Under the RTEP process, PIM analyses
several scenarios to assess the adequacy of net-
work conditions over a time frame of 15 years.
RTEP defines the need for and benefits of a
transmission project, but review and approval are
the responsibility of the member states where the
project is located. The transmission investments
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identified are discussed publicly in stakeholder
meetings with PJM members, generators, trans-
mission owners, retailers, end customers and
other interested parties.

To develop the best plans for the system as a
whole, PJM coordinates its planning process with
neighbouring system operators. These include
Midcontinent Independent System Operator
(MISO), ISO New England and New York ISO.
This coordinated planning process seeks to ensure
an efficient level of new generation resources and
transmission lines across neighbouring systems.

PJM mandates transmission upgrades and
extensions that are required to maintain the reli-
ability standards of transmission
Under PJM rules, the cost of these projects is
allocated to the respective transmission owners.
Merchants can also explore interconnection
business opportunities in the PJM region. Mer-
chants’ interconnection requests are subject to
strict rules and procedures. PJM completes fea-
sibility and system impact studies before
approving the interconnection request.

owners.

(3) Level of locational pricing

In 1998, PIM replaced zonal pricing with nodal
pricing to address inefficiencies caused by trans-
mission congestion. Zonal pricing does not account
for transmission constraints in a zone, hence market
participants do not internalise transmission con-
straints in that zone. As a result, in the PJM region
transmission congestion was under-priced, and
widespread bilateral contracting—without consid-
ering network constraints—resulted in significant
generation curtailment and redispatch costs. Under
the nodal pricing scheme, the prices are discovered
for around 2,000 nodes, accounting for transmis-
sion constraints between the nodes and minimising
inefficiencies. To provide liquidity for hedging
instruments, PJM averages nodal prices in given
areas into hub prices.

(4) Modernising network arrangements

PIM has not developed specific procedures to
ensure that non-network alternatives to new
transmission assets are considered in new trans-
mission planning and investment decisions. Nev-
ertheless, it is actively encouraging flexible

resources to provide system services. PIM offers
retail customers day-ahead and real-time options
for emergency load response. Virtual power
plants, known in PIM as curtailment service pro-
viders (CSPs), act as intermediaries between retail
customers and PJM. CSPs help retail customers to
reduce their demand in high price periods. PIM
also operates a reliability pricing model capacity
market. Both demand-response resources and
energy efficiency resources can participate in these
markets through CSPs and collect payments for
reducing their demand and adopting efficiency
measures. Demand resources can also participate
in PJM’s synchronised reserve, regulation and
day-ahead scheduling reserve market.

(5) Summary of arrangements

Pennsylvania, New Jersey, Maryland (and
other areas within the Eastern Interconnection)
(Table 5).

(4) Great Britain

Great Britain comprises England, Scotland and
Wales, whereas the UK comprises all three along
with Northern Ireland. Britain has the larger of
the UK’s two electricity systems. The smaller is
the Northern Ireland system, which is connected
to the Republic of Ireland. It is owned by
Northern Ireland Electricity Networks and oper-
ated by the Irish system operator EirGrid, as part
of the island’s single electricity market.

(1) Institutional arrangements

Before market reform, the vertically integrated
Central Electricity Generating Board (CEGB)
was the statutory monopoly provider of genera-
tion and transmission services in England and
Wales. The CEGB was subject to cost-of-service
regulation and its operations were characterised
by high capital costs, low productivity growth,
and a low return on assets. Distribution networks
were operated by twelve regional monopolies,
known as area electricity boards.

In 1990, the CEGB was unbundled and pri-
vatised into multiple generating companies and a
single transmission company, the National Grid
Company. The Electricity Act 1989 led to the
creation of the Office of Electricity Regulation
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Table 5 Summary of network arrangements in PIM

Institutional
arrangements

Transmission
planning and delivery

Network pricing

Modernising
network
arrangements

Institutional model:

m PJM is the ISO/
RTO for all or part
of 13 US states
and the District of
Columbia

Planning:

m PJM carries out a
regional transmission
expansion planning
process to ensure the
network meets future
requirements

m Review and approval
decisions for projects
are made by member
states, following
broad stakeholder
involvement

Delivery:

» PJM mandates TOs to

perform transmission
upgrade and
extension projects for
security of supply

Investment regime:

m Merchants may invest
in interconnection
assets, although they
are subject to strict
regulatory oversight
by PJM

m PJM coordinates
projects with RTOs in
its region to ensure
the Eastern
Interconnection is
efficiently
coordinated, this
includes NEISO,
NYISO and MISO

= PJM has high
resolution nodal
pricing, with
around 2,000
nodes in its
operational area

m To ensure
markets remain
liquid, PJM
averages nodal
prices into lower
resolution hub
prices

Readiness for
decarbonisation:

m There is no
specific procedure
to ensure non-
network solutions
are considered

= However, PJM
does operate a
reliability pricing
capacity market
which provides
payments for load
reduction

m PJM currently has
about 10 GW of
demand-side
response capacity

Readiness for
decentralisation

m High-resolution
nodal pricing
provides
investment
incentives for
distributed
resources

Note NEISO = New England I1SO; NYISO = New York ISO; MISO = Midcontinent ISO; RTO = regional transmission organisation; ISO =
independent system operator; DSR = demand-side response.

Source Vivid Economics
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£

Distribution

Liberalised generation market
Asset owners include vertically

Continuing Power Pool
PJM system operatedin turn by
one of the member utilities

Liberalised generation market
More than 200 generation asset owners,
including vertically integrated utilities

Independent system operator / regional
transmission organisation

PJM interconnection (ISO statusin 1997,
RTO status in 2002)

Transmission owners
More than 20 companies involved in
transmission asset ownership

Distribution network operators
48 companies at the borough, municipality
and city level

Fig. 40 Structure of PJM’s electricity system. Source Vivid Economics

(OFFER) and the Director General of Electricity
Supply (DGES). Their role was to regulate the
transmission network monopoly of National Grid
and the distribution network monopolies of the
regional electricity companies and set price caps
with periodic reviews. The act also established
competition in generation, with the requirement
that generators compete by selling power in a
wholesale market.

Today, National Grid is the transmission sys-
tem operator (TSO) for Great Britain. There are
three onshore transmission owners (TOs) in Bri-
tain: National Grid Electricity Transmission for
England and Wales, and Scottish Power Trans-
mission and Scottish Hydro Electric Transmission
for Scotland. Driven by European Commission
directives on unbundling, offshore transmission
assets are owned by offshore transmission owners
(OFTOs), with owner-operators chosen by com-
petitive tender run by the power sector regulatory
body, the Office of Gas and Electricity Markets
(Ofgem). Figure 41 shows the structure of key
parts of the British power system before and after
liberalisation in 1990.

National Grid’s operations as transmission
owner (TO) and system operator (SO) are subject to
performance-based regulation by Ofgem. These

functions are subject to separate incentive regimes.
Transmission ownership is regulated through
periodic price reviews, currently occurring every
eight years. Following privatisation, this took