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Foreword

When the Paris Agreement on climate change was adopted on 12 December
2015, the newspaper 7he Guardian dramatically heralded the “end of [the]
fossil fuel era”. It may perhaps have seemed like that at the time. After all, the
agreement’s goal of keeping global warming well below 2°C and it’s even more
ambitious aspirational goal of avoiding 1.5°C require a drastic reduction in
the production and consumption of fossil fuels—the burning of which is still
the single largest driver of human-induced climate change.

But while the Paris Agreement may have given a strong and clear signal that
the decarbonisation of our energy systems is inevitable, a true decline of fossil
fuels has yet to commence. Notwithstanding the increasing availability and
rapidly falling costs of renewable energy sources, global fossil fuel consump-
tion continues to grow, and fossil fuels have retained their high share in global
electricity production. Even coal—arguably the dirtiest fossil fuel—is wit-
nessing a resurgence due to growing demand in Asia. Fossil fuel production
also shows no signs of abatement, and investment in fossil fuels continues to
be stable. All over the world, governments support the production and con-
sumption of fossil fuels, through licensing and permitting, as well as tax breaks
and other subsidies. We are currently locked into fossil fuels, through existing
infrastructure, institutions, and individual behaviour. Any transition away
from them, therefore, will face considerable hurdles.

If we are to avert the climate crisis, however, such a transition is a must. We
thus find ourselves at a critical juncture, about to embark on a very daunting
journey. The good news is that, perhaps for the first time in the history of
large-scale transitions, we have something of a compass. We can actually plan
for this transition. This is why the present volume’s focus on ‘managing the
decline’ of fossil fuels is so important.
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The climate imperative offers broad guidance on where our journey is
headed. We know that meeting the Paris Agreement’s temperature goals
means we cannot afford to burn all fossil fuels, and that a major part of fossil
fuels needs to be left in the ground. We also know that we need to signifi-
cantly scale up the deployment of renewable energy sources, and that this
requires sustained support from the public and private sectors. But we further
know that not everyone can or should follow the same energy transition path-
way. Countries have been unevenly endowed with resources (both fossil fuels
and renewables), are not all equally responsible for causing the problem of
climate change and have varying levels of economic development. So, while
we may applaud countries like Costa Rica or Sweden for their ambition to
become ‘fossil free’ nations, the challenge for countries like Angola or
Indonesia will be much greater. We also see these disparities within countries.
Some regions, communities, and workers dependent on fossil fuels will be
disproportionately affected by the low-carbon energy transition. These inter-
national, national, and subnational equity and fairness dimensions under-
score the necessity of a just transition, and more broadly the need to view
energy transitions through the lens of energy justice.

Along with my colleagues at the Stockholm Environment Institute (SEI),
and in collaboration with a range of think tanks, civil society organisations,
and academics, I have sought in the past years to put these challenges, as well
as possible responses, on the radar of climate and energy policy researchers
and practitioners. Through SEI’s initiative on Fossil Fuels and Climate
Change, we have drawn attention to the importance of tackling fossil fuel
supply alongside more traditional climate policy measures such as carbon
pricing and energy efficiency standards. We have done so by organising work-
shops and conferences, producing academic publications, blogs, opinion
pieces, and engaging with policymakers. From this work, it has become clear
to me that while the evidence base for managing the decline of fossil fuels is
expanding, concerted efforts are needed to diversify and consolidate the
research connecting the dots between fossil fuels and climate change.

It is here where one of the present volume’s main strengths lies. The book
brings together perspectives from authors with a variety of disciplinary back-
grounds, covering various key jurisdictions, and employing a range of
approaches. Reflecting the multifarious challenge of the energy transition,
insights from various disciplines—engineering, economics, political science,
ethics, law, and more—are needed to better understand the underlying causes
of our present carbon lock-in, and to sketch the possible ways to overcome
this. With respect to jurisdictions, it is important to look both at countries
where lessons on energy transitions are already emerging—as is the case, for
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instance, with the German Energiewende—as well as countries that still have
a long way to go in moving away from fossil fuels, such as Australia and
Russia. In terms of approaches, contributions should be looking at the drivers
of continued fossil fuel supply, countervailing forces seeking to increase the
share of renewables in the energy system, and interactions between them.
Australian economists Fergus Green and Richard Denniss refer to this as “cuz-
ting with both arms of the scissors”: we should not just be considering approaches
that aim to reduce the demand of fossil fuels, but also determine how such
approaches could work hand-in-hand with policies and actions restricting fos-
sil fuel supply.

It remains to be seen whether the transition away from fossil fuels resemble
what the editors term a ‘long goodbye’” or whether it will rather be more akin
to falling off a cliff-edge. The latter—that is, an unmanaged decline—may
lead to the stranding of assets, as well as the stranding of communities and
countries dependent on the production and export of fossil fuels. The former
requires, at a minimum, a recognition among governments, industries, and
investors that we need to stop expanding our fossil fuel infrastructure, a shared
vision of a post-carbon future, and a transparent and participatory planning
process to achieve that future. The longer we fail to fully embrace the long
goodbye, however, the more likely it is that the cliff-edge scenario will become
a reality.

Throughout, we should also remain aware of the real possibility of a fossil
tuel renaissance. This could happen, for instance, through the introduction of
new technologies such as carbon capture and underground storage or the
switching from higher-carbon to lower-carbon (but still fossil-based) fuels,
such as from coal to natural gas. In addition, what German economist Hans-
Werner Sinn dubbed the ‘green paradox’ may materialise: in such a scenario,
increased production of fossil fuels takes place because of increasing carbon
constraints.

These possibilities suggest that, unlike what 7he Guardian claimed in 2015,
the era of fossil fuels is not over yet. As this book makes abundantly clear,
however, its time has certainly come.

Centre for Climate Change, Harro van Asselt
Energy and Environmental Law,

University of Eastern Finland Law School

Joensuu, Finland

Stockholm Environment Institute
Stockholm, Sweden
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Note on Units

Power units ~ The power using or generating capacity of devices is measures in
watts (W), or more usually kilowatts (kW) (1 kW = 1,000 W).
Larger units are megawatts (MW) (1,000 kW), gigawatts (GW)
(1,000 MW) and terawatts (1,000 GW).

Energy units  The kilowatt-hour (kWh) is the standard unit by which electricity is
sold—1 kWh is the energy produced/consumed when a 1 kW rated
generator/energy consuming device runs for 1 hour (h). A
megawatt-hour (MWh) is 1,000 kWh. Similarly,

1,000 MWh = 1 GWh, and so on.
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A2F
ACER
AD
AEMC
AfDB
AGA
AIGN
ALP
AMIC
ASHP
ATIA
BCA
BCM
BECCS
BECCU
BEIS
BMT
BOE
BOEPD
BPD
BU
CAPEX
cCcC
CCGT
CCS
CCU
CCUS
CDIAC

Abbreviations

Air to Fuel (or Synfuel Approach)

Agency for the Cooperation of Energy Regulators (EU)
Anaerobic Digestion

Australian Energy Market Commission
African Development Bank

Australian Gas Association

Australian Industry Greenhouse Network
Australian Labor Party

Australian Mining Industry Council

Air Source Heat Pumps

Australian Trade and Industry Alliance
Business Council of Australia

Billion Cubic Meter

Biomass with Carbon Capture and Storage
Biomass Carbon Capture and Utilisation
Department for Business, Energy and Industrial Strategy (UK)
Billion Metric Tons

Barrels of Oil Equivalent

Barrels of Oil Equivalent Per Day

Barrels of Oil Per Day

Billion Units

Capital Expenses

Committee on Climate Change (UK)
Combined-Cycle Gas Turbines

Carbon Capture and Storage

Carbon Capture and Utilisation

Carbon Capture, Utilisation and Storage
Carbon Dioxide Information Analysis Centre
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CEA

CEFC

CEO

CEPS

CFL

CHP

CIL

CMAL

CO,
COMECON

COP-21
COVA

CPF
CpPP
CPRR
CPRS
CRISIL
CRM
CSpP
CUF
DEC
DECC

DGAD
DHS
DISCOM
DPO
DRC
DSM
E&P
EAPP
EASAC
EBN
EBRD
ECE
ECOWAS
ECSC
EDF

EEG

EFR

EIA

Abbreviations

Compound Annual Growth Rate (India)

Clean Energy Finance Corporation (Australia)

Chief Executive Office

Central European Pipeline System

Compact Fluorescent Lamps

Combined Heat and Power

Central India Limited

Coal Mines Authority Limited (India)

Carbon Dioxide

Council of Mutual Economic Assistance and Cooperation
(between USSR and the then Socialist States of Eastern Europe)
(Conference of Parties-21)—Paris Climate Agreement 2015
Stichting Centraal Orgaan Voorraadvorming Aardolieproducten
(The Netherlands)

Central Processing Facility

Captive Power Plant

Current Proven Recoverable Reserves

Carbon Pollution Reduction Scheme (Australia)

Credit Rating Information Services of India Limited
Capacity Remuneration Mechanisms

Concentrated Solar Power

Capacity Utilisation Factor

Department of Environmental Conservation (US)
Department for Energy and Climate Change (Defunct, Replaced
By BEIS) (UK)

Directorate of Anti-Dumping and Allied Duties (India)
District Heating Systems

Electricity Distribution Company (India)

Defensie Pijpleidingen Organisatie (The Netherlands)
Democratic Republic of Congo

Demand-Side Management

Exploration and Production

Eastern African Power Pool

European Academies’ Science Advisory Council

Energie Beheer Nederland (The Netherlands)

European Bank for Reconstruction and Development
Eastern and Central Europe

Economic Community of West African States

European Coal and Steel Community

Electicité De France (France)

Erneuerbare-Energien-Gesetz (German Renewable Energy Act)
Enhanced Frequency Response

Environmental Impact Assessments



EIA
EIS
EITI
Eneco
ENGO
EOR
EPA
EPR
ERC
ESP
ETS
EU
EU-ETS
EV
EXIM
FERC
FGD
FiT
FMF
FOE
GBP
GDP
GHG
Gol
GOSPLAN
GSHP
GSP
GT
HELE
HGS
HIE
HP
HPC
HRF
HSPS
IAEA
IEA
IGCC
Imeche

IMEMO

INR
I0C

Abbreviations

Environmental Information Administration (US)
Emissions Intensity Scheme (Australia)
Extractive Industries Transparency Initiative
Eneco Groep N.V (The Netherlands)
Environmental Non-Governmental Organisations
Enhanced Oil Recovery

Environmental Protection Agency (US)
European Pressurized Reactor

Energy Research Center (Russia)

Energy Sector Plan (SADC Region, Africa)
Emissions Trading System

European Union

European Union Emissions Trading System
Electric Vehicles

Export Import Policy

Federal Energy Regulatory Commission (US)
Flue-Gas Desulphurisation

Feed-in Tarift

Free Market Fundamentalism

Friends of the Earth

Great British Pounds

Gross Domestic Product

Greenhouse Gas

Government of India

USSR State Planning Committee (Ex: USSR)
Ground-Source Heat Pumps

Groningen Seaports (The Netherlands)
Gigatons

High Efficiency Low Emissions

Humber Gathering System (UK)

Highlands and Islands Enterprise (Scotland)
Horsepower

Hinkley Point C (UK)

Hydraulic Reservoir Fracturing

Heron Sub-Sea Pipeline System
International Atomic Energy Association
International Energy Association

Integrated Gasification Combined Cycle
Institute of Mechanical Engineers (UK)
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E. M. Primakov Institute of World Economy and International

Relations of the Russian Academy of Sciences (Russia)
Indian Rupee
International Qil Cartel



x| Abbreviations

IPA Institute of Public Affairs (Australia)

IPCC Intergovernmental Panel on Climate Change

PP Independent Power Producer

IRENA International Renewable Energy Association
ISDS Investor-State Dispute Settlement

ISO Independent System Operators

JKM Japan-Korea Market (for LNG)

KM Kilometre

KSA Kingdom of Saudi Arabia

LCOE Levelised Cost of Electricity

LHEES Local Home Energy Efficiency Strategy (Scotland)
LNG Liquefied Natural Gas

LNP Liberal National Party (Australia)

LRMC Long-Run Marginal Costs

LTGEC Long Term Gas Export Contract

LTS Long Term Low-Emissions Strategy (UK)

MCA Minerals Council of Australia

MEMR Ministry of Energy and Mineral Resources (India)
MER Maximising Economic Recovery (UK)

MIT Massachussets Institute of Technology (US)

MLP Multi-Level Perspective

MMBO Million Barrels of Oil

MMBPD Million Barrels of Oil Per Day

MMBTU Million British Thermal Units

MMT Million Metric Tonnes

MNRE Ministry of New and Renewable Energy (India)
MO Market Operator

MoC Ministry of Coal (India)

MOoEF Ministry of Environment and Forests (India)
MoP Ministry of Power (India)

MPCCC Multiparty Committee on Climate Change (Australia)
MT Metric Tonne

MUP Multi-Use Platform

MUSES Multi-Use in European Seas

NAM Nederlandse Aardolie Maatschappij (The Netherlands)
NAO National Audit Office (UK)

NAPCC National Action Plan on Climate Change (India)
NATO North Adantic Treaty Organization

NDA Nuclear Decommissioning Agency (UK)

NDC Nationally Determined Contribution

NDRC National Development and Reform Commission (China)
NEA National Energy Administration (China)

NEM National Electricity Market (Australia)



NEP
NET
NGO
NIC
NO,
NOC
NOPR
NPP
NRDC
NRES
NSIP
NSW
NUI
NYC
NYCDEP
NYSERDA
OECD
OFGEM
OGA
OGTC
OPEC
OPEX
P2G
PEM

PJ

PLEX
PMT
POWER

PPA
PP-indexation
PRA
PROBEC

PSA
PTC

PV
QRC
R&D
RE
REASAP

REC

Abbreviations

National Energy Policy (India)

Negative Emission Technologies

Non-Governmental Organization

National Infrastructure Commission (UK)

Nitrogen Dioxide

National Oil Companies

Notice of Proposed Rulemaking (US)

Nuclear Power Plant

Natural Resources Defense Council (US)

Non-Renewable Energy Sources

Nationally Significant Infrastructure Projects (UK)

New South Wales (Australia)

Normally Unattended Installation

New York City (US)

NYC Department of Environmental Protection (US)

New York State Energy Research Development Authority (US)
Organization for Economic Cooperation and Development
Office of Gas and Electricity Markets (UK)

Oil and Gas Authority (UK)

Oil & Gas Technology Centre (UK)

Organisation of Petroleum Exporting Countries
Operational Expenses

Power to Gas

Proton-Exchange Membrane

Peta Joule

Plant Life Extension

Population Mixing Theory

Partnerships for Opportunity and Workforce and Economic
Revitalization Initiative (US)

Power Purchase Agreement

Indexation to Petroleum Products (in contractual gas pricing)
Probabilistic Risk Assessment

Programme for Biomass Energy Conservation (SADC Region,
Africa)

Production-Sharing Agreement

Production Tax Credit (US)

Photovoltaic (Solar)

Queensland Resources Council (Australia)

Research & Development

Renewable Energy

xli

Regional Infrastructure Development Master Plan (SADC Region,

Africa)
Renewable Energy Certificates



xlii Abbreviations

REEESAP
RERA

RES
RF
RMB
ROI
RPO
RTO
SADC
SAPP
SASAC
SDP
SEB
SEEP
SES
SHAKTI

SLO
Sm3
SMR
SO
SO,
SOE
SRMC
SSA
STP
SWF
TCF
TCM
TNO

TPP

TTF
UGD

UK
UKCS
UMPP
UN
UNDP
UNEP
UNESCO

The Renewable Energy And Energy Efficiency Strategy & Action
Plan (SADC Region, Africa)

Regional Electricity Regulatory Association (SADC Region,
Africa)

Renewable Energy Sources

Russian Federation

Renminbi (Chinese Currency)

Return On Investments

Renewable Purchase Obligation (India)

Regional Transmission Operators

Southern African Development Community

Southern Africa Power Pool

Assets Supervision and Administration Commission (China)
Social Democratic Party (Germany)

State Electricity Board (India)

Scotland’s Energy Efficiency Programme

Scottish Energy Strategy

Scheme for Harnessing and Allocating Koyala (Coal)
Transparently In India

Social Licence to Operate

Standard Cubic Meter

Small Modular Reactors

System Operator

Sulphur Dioxide

State-Owned Enterprise

Short-Run Marginal Costs

Sub-Saharan Africa

Scientific and Technological Progress

Shale Wealth Fund (UK)

Trillion Cubic Feet

Trillion Cubic Metres

Nederlandse Organisatie Voor Toegepast-Natuurwetenschappelijk
Onderzoek (The Netherlands)

Thermal Power Plants

Title Transfer Facility

Unconventional Gas Development

United Kingdom of Great Britain and Northern Ireland
United Kingdom Continental Shelf

Ultra-Mega Power Project

United Nations

UN Development Program

UN Environmental Program

United Nations Educational Scientific and Cultural Organization



UNFCCC
UNICEF

USA/US
USAID
US FRS
USSR
VIOC
VOLL
WEC
WHO
ZSP

Abbreviations xliii

United Nations Framework Convention on Climate Change
United Nations International Children’s Emergency Fund (or UN
Children’s Fund)

United States of America

United States Agency for International Development

US Federal Reserve System

Union of Soviet Socialist Republics

Vertically Integrated Oil Company

Value of Lost Load

World Energy Council

World Health Organization

Zeeland Seaports (The Netherlands)
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Fossil Fuels in a Carbon-Constrained World

Geoffrey Wood

1 Aim of the Book

‘The Handbook of Managing Fossil Fuels and Energy Transitions focuses atten-
tion on the need to manage the decline of fossil fuels as the world shifts
towards a low-carbon energy transition. The premise of the book is straight-
forward: although fossil fuels have powered the industrialisation of many
nations and improved the lives of hundreds of millions of people, another
century dominated by fossil fuels would be disastrous. On the one hand, fossil
tuels are responsible for the majority of the increase in greenhouse gas (GHG)
emissions, and projected increases in oil, gas and coal demand are incompat-
ible with the Paris Agreement on Climate Change (United Nations Framework
Convention on Climate Change (UNFCCC), 2018). On the other hand,
although the demise of fossil fuels has been often predicted, they have proved
remarkably resilient and with low prices and superabundant resources they are
likely to play a role in world energy going forward. This should not detract
from the problems that their continuing use poses to the planet. In 2018, the
UN Intergovernmental Panel on Climate Change (IPCC) issued a stark warn-
ing that humanity has just twelve years to limit global warming to below 2°C
(IPCC, 2018). This is not an arbitrary target. It is a red-line, a warning built
on decades of scientific evidence-based research to avoid rising temperatures
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and rising risks, including threats to ecosystems, biodiversity, extreme weather
events, sea level rises and unprecedented stresses to human economic, social
and political systems. Yes, there is uncertainty in the consequences of inac-
tion. Uncertainty is inherent to the complex problem of climate change that
humanity faces.! However, for the discerning observer of the spectre of global
catastrophe this induced a feeling of justifiable fear. But in any discussion
focused on addressing climate change, two factors come to mind: the oppor-
tunities made possible by low carbon energy and discussions of the resultant
decline of fossil fuels. Although this is a simplification of the issues,” what
appears certain is that given the enormity of the problems fossil fuel use and
the emissions and pollutants thereof must decrease. The question arises as to
how the necessary decline of fossil fuels will be managed, if it is indeed man-
aged, and the pace that this change requires. This leads to a key theme of the
book: whether it will be a ‘long goodbye to fossil fuels or not? As this book
argues, the reality is not so straightforward.

Ostensibly, accounts of the increasingly important role that low carbon
energy plays in addressing the risks of climate change appear positive, evi-
denced by record levels of global investment and capacity additions in recent
years (Wood, 2018). This trend has been particularly notable in the renewable
electricity (RES-E) sector, leading to the attainment of milestones unthink-
able a few years ago. In 2017 almost 180 GW of renewable electricity (RES-
E) capacity was added worldwide, more than for all fossil fuels combined,
with more solar photovoltaic (PV) capacity added than for coal, gas and
nuclear power combined (Renewable Energy Network (REN), 2019). An
estimated 17 countries generated more than 90% of their electricity from
RES-E, which is now the leading source of power generation in the European
Union (EU), and this success is being repeated at the nation level including
Uruguay, Nicaragua, Costa Rica, Kenya, Austria, Denmark, Latvia, Portugal,
Sweden and Scotland (Climate Council, 2019; EU, 2017; Wood and Baker,
2017). In 2017, United Kingdom (UK) RES-E capacity surpassed coal, gas
and oil-fired power plants for the first time on the back of a tripling of renew-
able capacity and a fall by one-third in fossil fuel capacity (Vaughan, 2018)
heralding one week in May 2019 without using coal to generate electricity
since 1882 (Jolly, 2019).

!'Climate change has been called a “Wicked Problem’ as it is difficult or impossible to solve for as many as
four reasons: incomplete or contradictory knowledge, the number of people and opinions involved, the
large economic burden, and the interconnected nature of these problems with other problems (Wood,
2016).

2This spectrum of change must also include the way in which we fundamentally produce, use and con-
sume energy. For more information on the requirements for the low carbon energy transmission refer to
the Energy Transitions Commission (2019).
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Nonetheless, fossil fuels continue to dominate the energy landscape,
accounting for 86% of primary energy consumption in 2015, a mere 1%
reduction from that recorded in 2005. Omitting nuclear power (4.4%),
renewables accounted for approximately one-tenth of global primary energy
consumption. The heat and transport sectors, although evidencing growth in
renewable sources, continue to be dominated by fossil fuels. The power gen-
eration sector follows the same trend, with fossil fuels accounting for over
two-thirds of the fuel share in global power generation (BP, 2018; World
Energy Council, 2016), and 80% of global total final energy consumption
(REN, 2019). Of the remaining 20%, nuclear power and renewables account
for 2% and 10%, respectively, with the rest from traditional biomass (REN,
2019), hardly an environmentally friendly fuel source. Yet the power sector is
supposedly the ‘low hanging fruit’ in terms of decarbonisation, and the one
sector that has witnessed huge growth in renewables. As Spencer Dale, Group
Chief Economist at BP put it:

The most striking—and worrying—is the trends in the power sector fuel mix
over the past 20 years... despite extraordinary growth in renewables in recent
years, and the huge policy efforts to encourage a shift away from coal into
cleaner, lower carbon fuels, there has been almost no improvement in the power
sector fuel mix over the past 20 years. The share of coal in the power sector in
1998 was 38%—exactly the same as in 2017... Global energy markets in 2017
took a backward step in terms of the transition to a lower carbon energy system;
growth in energy demand, coal consumption and carbon emissions all
increased... follow[ing] three consecutive years of little or no growth in carbon
emissions. (BD, 2018: 67, emphasis added)

Numerous reasons are put forward to explain this ‘backward step’, including
falling fossil fuel costs and recent price competitivity between gas and coal in
favour of the latter. But what about the role of energy policy? In the context
of warnings about climate change, energy policy is an important tool for pol-
icy and decision makers, namely to constrain the development and deploy-
ment of fossil fuels, reduce carbon ‘lock-in’ (Unruh, 2000) and drive low
carbon energy. Yet despite decades of global experience in supporting renew-
able energy technologies (RETs), a developing corpus of low carbon and
renewable energy law, policy, regulations and guidance (a ‘low carbon energy
law and policy framework’) and rapid falling costs (International Renewable
Energy Agency (IRENA), 2017), the share of low carbon power generation in
the global energy mix has effectively stagnated in relative terms. Coal use is
up. Carbon emissions are up. Time is almost up.
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Instead of talking about global energy markets taking a backward step, we
should be proclaiming ‘forward steps in relation to global efforts to mitigate
climate change. In reality, modelling estimates paint a pessimistic future, one
where fossil fuels continue to gain market share to 2030 on the back of increas-
ing energy demand, albeit at different speeds: oil (0.8%), coal (1.2%) and gas
(2%) per year (BP, 2013), with overall growth in part due to strong growth in
production from unconventional gas and oil. All-in-all, although renewables
are expected to continue to be the fastest growing energy source (7.6%), the
global fossil fuel share will remain more-or-less constant.

Therefore, the global energy system is at a critical juncture: we need to
ensure the reduction and replacement of fossil fuel use and to avoid the fossil
fuel industry from reaching a cliff-edge, resulting in the stranding of assets,
loss of jobs and revenues for governments around the world. At the same
time, any such approach needs to take into account the needs and contexts of
different countries around the world (e.g. capacity short/excess, developing,
developed, etc.). A nuanced understanding of the fossil fuel sector is criti-
cal to this.

This is all the more important given that the decline of fossil fuels, managed
or otherwise, will have significant, multiple, interrelated and largely unknown
repercussions as we enter a new phase of geopolitics, with resultant impacts to
existing and future relations, politics and trade between countries. As the
Global Commission on the Geopolitics of Energy Transformation (2019: 12)
recently pointed out:

Fossil fuels have shaped the geopolitical map over the last two centuries... the
energy transformation will alter the global distribution of power relations
between states, the risk of conflict, and the social, economic and environmental
drivers of geopolitical instability... These far-reaching effects have not previ-
ously been considered in a comprehensive manner.

At the same time, understanding how to manage the decline of fossil fuels
must look beyond the range of demand-side solutions for climate change,
including global GHG mitigation targets and sectoral targets, performance
standards, behavioural policies, carbon pricing mechanisms, energy efficiency
and low-carbon technologies (Mundaca et al., 2019). Demand-side climate
policies have been successful but only to an extent, and an insufficient one
despite decades of effort. As Lazarus and van Asselt (2018: 1) point out,
“Focusing on the point of combustion makes intuitive sense, but efforts so far have
yet to put fossil fuel use on a trajectory consistent with keeping global warming well
below 2°C and pursuing efforts to stay below 1.5°C, as suggested by the Paris
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Agreement.” The authors go on to point out the need to look at the supply-side
of the fossil fuel economy, termed ‘supply-side climate policies’ and defined as
measures to influence the pace and location of fossil fuel extraction to com-
plement and enhance traditional demand-side climate policies:

A key insight driving these new approaches is that the political and economic
interests and institutions that underpin fossil fuel production help to perpetuate
fossil fuel use and even to increase it. From this emerging vantage point, contin-
ued investment in fossil fuel exploration, extraction, and delivery infrastructure
makes global climate protection objectives much harder to achieve. (Lazarus
and van Asselt, 2018: 1)

This book is one of the first attempts® to comprehensively consider these
effects with a focus on managing the decline of fossil fuels in light of the on-
going energy transition.

With the majority of nations already embarked on a low-carbon energy
transition in attempting to mitigate climate change, with emphasis on renew-
able and low-carbon energy technologies, this book focuses on a number of
relevant issues. These include: What approaches should be adopted to incen-
tivise countries and companies to reduce the use of fossil fuels? How realistic
is the ‘swapping’ of fossil fuels for cleaner alternatives (e.g. coal to green gas,
petroleum to biofuels, gas to biogas)? What about managing baseload, tradi-
tionally taken on by fossil fuels? How can we manage such approaches given
the apparent paradox of reducing fossil fuel use but avoiding impacts on eco-
nomics, job loss and reduction in revenues? What is the impact on developing
countries in comparison to developed countries? Are there any specific issues
that need to be addressed in this respect? What role and/or opportunities exist
for developing nations? What of the future of carbon capture and storage: is
it the silver bullet for the continued use of ‘clean’ fossil fuels? What is the
future of gas? Is it a valid transition fuel? Does coal have a future? What about
biomass (e.g. CCS/co-firing)? How can the tensions between centralised and
decentralised energy systems be addressed? Are unconventional hydrocarbons
the future or a last gasp of the fossil fuel industry? What role can the energy
justice agenda play in managing the decline of fossil fuels? Are markets and
regulations adapted to manage a decline in fossil fuels for a renewable future?
Are replacement options for fossil fuels more benign that the technologies

*In addition to the report by the Global Commission, see also the Climatic Change Special Edition
‘Fossil Fuel Supply and Climate Policy’ (van Asselt and Lazarus, 2018); “The Sky’s Limit: Why the Paris
Climate Goals Require a Managed Decline of Fossil Fuel Production’ (Muttitt, 2016); and ‘A Managed
Decline of Fossil Fuel Production’ (Heinrich Béll Stiftung, 2018).
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they seek to replace? How do we manage the issue of diesel, particularly for
rural/island/peripheral communities and industries? What is the role of energy
storage if we move from baseload or flexible fossil fuel generation to intermit-
tent renewable energy sources?

The question of how to manage the decline of fossil fuels is also fundamen-
tally linked to the type, definition and goals envisaged for low carbon energy
transition. Reflecting this heterogeneity, the contributors to this book
approach the energy transition from a range of perspectives and theoretical
and methodological approaches. In itself, this echoes the uncertainty and
diversity loaded in the term system change: do we mean transition or trans-
formation when we talk about energy transition?* A strong thrust throughout
the book is the concept of justice, whether energy, social and/or environmen-
tal. Energy justice is a relatively new agenda which seeks to apply principles of
justice to energy and climate change (Jenkins et al., 2015) to guide how the
management of energy resources should proceed, with implications not just
for low carbon energy sources but also fossil fuels. Endeavours to manage the
decline of fossil fuels also require inter- and multi-disciplinary collaboration.
The authors contributing to this book reflect this, featuring renowned schol-
ars and practitioners coming from and/or working in a range of disciplines
including Built Environment, Business, Philosophy, Political Science,
Economics, Engineering, Governance, Innovation, Law, Policy, Political
Economy, Regulation, Sustainable Consumption, and Technology. They pro-
vide a rich contextualised approach to problem-solving how to manage the
decline of fossil fuels.

This list is not exhaustive. Clearly that would be impossible in one volume.
However, it has been the editors intention to capture and critically analyse the
complexity of managing the decline of fossil fuels in what must be an increas-
ingly carbon constrained world. As such, the book spans a broad range of
related ‘territories’. The chapters look at different energy technologies and
sources including fossil fuels (coal, oil, gas, unconventional hydrocarbons),
carbon mitigation technologies (carbon capture and storage/utilisation), low
carbon options (nuclear), renewables (wind, solar, biomass, geothermal, bio-
fuels) and energy storage (batteries, pumped hydro, demand side), electric
vehicles, energy sectors (heat, transport and power), jurisdictions and differ-
ent governance approaches encompassing multi- and inter-disciplinary tech-
nological, environmental, social, economic, political, legal and policy
perspectives with timely case studies from Africa, Asia, Australasia, Europe,

#See Holscher et al. (2017) on the differences between transition and transformation in understanding
and interpreting system change.
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the Pacific, North America and South America. We hope that the studies
included in this book, and the gaps in the range of topics covered, provide
fertile territories for researchers from around the world to build on the find-
ings of this edited book. Given the urgency in addressing climate change, we
welcome this.

2 Rising Temperatures, Rising Risks: Accepting
the Reality of Climate Change

One point that we felt must be made clear is that any discussion on fossil fuels
has to take into account the science on climate change. Simply put, the reality
of anthropogenic climate change is accepted and it is no longer appropriate to
deny this reality:

Warming of the climate system is unequivocal, and since the 1950s, many of the
observed changes are unprecedented over decades to millennia. The atmosphere
and ocean have warmed, the amounts of snow and ice have diminished, and sea
levels have risen. Human influence on the climate system is clear, and recent
anthropogenic emissions of greenhouse gases are the highest in history. Recent

climate changes have had widespread impacts on human and natural systems.
(IPCC, 2014: 2)

This does not mean that research into climate change should go unscruti-
nised; we should always challenge ourselves to improve our understanding.
However, this book does not purport to revisit the science, debates and issues
concerning anthropogenic climate change. Other researchers and organisa-
tions have done so, and admirably.” Another point is that any discourse on
how to manage the decline of fossil fuels has to fit with the growing frame-
work of international, regional, national and subnational laws, policies and
regulations on mitigating and adapting to climate change, notably via the
UNFCCC. Just as the science of climate change is accepted, it should no
longer be acceptable for research to discuss fossil fuels without proper

>'The following websites provide detailed and authoritative information on climate change science and
the legal and governance frameworks at the international, regional, national and sub-national level: see
United Nations Climate Change (https://unfccc.int/); United Nations Environment Programme (https://
www.unenvironment.org/);  World  Meteorological ~ Organization  (https://public.wmo.int/en);
Intergovernmental Panel on Climate Change (http://www.ipcc.ch); Nongovernmental International
Panel on Climate Change (http://climatechangereconsidered.org/); Yale program on Climate Change
Communication (https://climatecommunication.yale.edu/); Committee on Climate Change (https://
www.theccc.org.uk/); 350 (https://350.0rg); C40 Cities (https://www.c40.0rg/); NASA Global Climate
Change (https://climate.nasa.gov/scientific-consensus/).
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consideration of the impact of fossil fuel use on addressing climate change in
efforts to transition to a sustainable low carbon energy future. This is high-

lighted by McGlade and Elkin (2015: 187, emphasis added):

Our results suggest that, globally, a third of oil reserves, half of gas reserves and
over 80 per cent of current coal reserves should remain unused from 2010 to
2050 in order to meet the target of 2°C... Our results show that policy makers’
instincts to exploit rapidly and completely their territorial fossil fuels are, in
aggregate, inconsistent with their commitments to this temperature limit.

Simply put, the exigency of climate change must act as a boundary of what is
acceptable: there has to be a connection between climate constraints and
restrictions on fossil fuel supply and use. This does not mean that we have
censored the chapter contributions; in order to provide a suitably authorita-
tive account, this book includes chapters with, at times, very different views.

3 Outline of the Book

'The book consists of four parts, of which Part I contains four chapters provid-
ing an introduction to the book and Part IV, comprising two chapters, pro-
vides an epilogue with overarching conclusions and thoughts on how to
manage the decline of fossil fuels. The rest of the book (Parts II and III) con-
sists of eighteen chapters setting out these issues in more detail.

Chapter 1 sets out the context and aims of the book. In Chap. 2, Emeritus
Professor David Elliott looks at the increasingly polarised debate around fossil
fuel abatement and renewables in terms of whether both approaches represent
strategic conflicts or tactical complementaries. While coal use is being chal-
lenged around the world, renewable energy is accelerating ahead and those
who back the latter strongly often feel that any talk of finding ways to reduce
the impact of continuing to use fossil fuel risks deflecting or slowing the
growth of renewables. However, it is still the case that fossil fuels remain the
dominant energy suppliers, and they will be so for some while. In which case,
if carbon emission reduction is seen as urgent, then clean-up options are also
urgent, if only perhaps as an interim measure. This chapter looks at some of
the key options for abating emissions from the combustion of fossil fuel,
focussing on the various types of carbon capture, their potentials and prob-
lems and possible conflicts or complementarities with renewables. While the
prospects for carbon capture do not look good at present, it is argued that
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some of the technologies may have an interim role, but that is set in the con-
text of diminishing reliance on fossil fuel.

Chapter 3 reopens the debate on the merits of nuclear power as an option
to replace fossil fuels. In this chapter, Dr Paul Dorfman acknowledges mount-
ing recognition over the speed and pace of the low carbon energy transition
needed to mitigate climate change, and that nuclear power has been reframed
as a response to the threat of global heating. However, at the heart of this
assumption are differing views on how to apply foresight, precaution and
responsibility in the context of the relative economics of nuclear, the uncer-
tain role of nuclear in combating climate change, the possibility of catastrophic
accidents, the consequences of those accidents, and whether there exists a
place for nuclear within the swiftly expanding renewable economy. This is
because, in the journey to manage the decline of fossil fuels, not all low carbon
technologies may prove equally viable. Indeed, nuclear seems far less benign,
far more expensive, and more carbon intensive than other options. Hence,
nuclear, it is argued here, will struggle to compete with the technological,
economic and security advances and advantages of the coming renewable rev-
olution. So, in bidding a long goodbye to coal, we may also be bidding adieu
to nuclear, and given the associated ramping costs and risks that cling to that
quintessentially late twentieth century technology, perhaps not before time.

The following chapter critically investigates the impact of intermittent
renewables including wind and solar power on the market profitability and
operational capacity of conventional thermal power plants through the lens of
capacity remuneration mechanisms (CRMs) in European electricity markets.
Chapter 4, by Dr Taner Sahin, argues that liberalisation of the EU electricity
markets has produced a range of challenges with regards to ensuring genera-
tion adequacy. Energy transition, the impact of which has become increas-
ingly felt in recent years, further complicates the issue of generation adequacy
in the EU. For instance, on the one hand, the increasing role of intermittent
renewable energy sources in electricity markets as the essential component of
the energy transition has a profound impact on the market profitability of
thermal power plants. On the other hand, it is a well-known fact that thermal
power plants maintain their importance due to the high amount of flexibility
they can provide, which is particularly true for gas power plants. Based on
these truths, this chapter aims to reveal how CRMs may balance between
energy transition and generation adequacy concerns in the EU. In this sense,
this chapter chases the question of what the role of CRM:s is to sustain TPPs
and, hence, the energy transition.

Part IT turns to issues related to how we manage (or not, as the case may be)

the decline of fossil fuels. In Chap. 5, Professor Philip Andrews-Speed analyses
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Chinas efforts to constrain its fossil fuel consumption in light of the fact that
over 80% of the country’s primary energy consumption is provided by fossil
fuels. Over the years, and notably since 2003, the government has promul-
gated a series of policies intended to constrain coal consumption, promote the
use of non-fossil fuels, reduce air pollution, and enhance energy efficiency.
These measures include improving the efficiency of coal-fired power stations
and industrial plants, switching from coal to gas, testing carbon capture and
storage or use, and boosting the share of low-carbon energy sources in the
power sector. These strategies have met with a high degree of success, due
mainly to the rigorous application of administrative policy instruments and
subsidies. The country has great potential for the further deployment of wind
and solar energy, as well as scope to boost the share of natural gas. The key
determinants of the pace at which China reduces its use of fossil fuels in abso-
lute terms are two-fold. First is the rate of economic growth. Coal has long
been the swing fuel and an increase in economic growth has always boosted
coal consumption. The second key variable is the mix of market and adminis-
trative policy instruments deployed. Whilst the continued introduction of
market forces into the energy sector may be welcome on purely economic
grounds, it is not evident that they will be effective at enhancing efficiency or
reducing emissions for as long as the major energy producing and consuming
enterprises remain in state hands.

Chapter 6 critically questions the role of government in managing the
decline of fossil fuels in a fossil fuel intensive economy, given issues of finan-
cial interdependency and state ownership across the fossil fuel chain. Using
the Netherlands as a case study to answer this question, Dr Sem Oxenaar and
Mr Rick Bosman note that to prevent dangerous climate change a majority of
remaining fossil fuel reserves need to stay in the ground. This requires a transi-
tion towards a low-carbon energy system. For this transition to succeed spe-
cific attention should not only be given to building-up the desired low-carbon
system, but also to breaking down and phasing out the old fossil fuel-based
aspects of the energy system. The Netherlands, a fossil fuel intensive economy
with a historically strong fossil fuel-based energy regime, provides an interest-
ing case for the study of such a fossil fuel phase-out. Despite a long history of
policy making aimed at increasing adoption of renewable energy, the
Netherlands ranked 2nd last in the EU with 6% renewable energy in 2017.
This has been attributed to the strong independencies between the Dutch
government and the fossil fuel industry. Mapping the financial interdepen-
dencies between the Dutch government and the fossil fuel industry, this chapter
discusses its implications for the possibility of a managed decline of fossil
tuels. It was found that fossil fuel related activities form an important source
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of revenue for the Dutch national government and the government was found
to be tightly interwoven with the fossil fuel system, with ownership and finan-
cial relations found in all segments of the fossil fuel value chain, from produc-
tion and exploration to use and R&D, and at the local, regional, as well as
national levels of government. Through state owned enterprises the govern-
ment, to some extent, itself makes up a large part of the industry. This raises
questions regarding the role of government in managing the ‘decline’ of an
industry and under what conditions a fossil fuel phase out can occur.

Dr Gokce Mete, Ms Wairimu Karanja and Ms Nduta Nienga look at the
paradox at the heart of UK fossil fuel policy and low carbon energy transitions
in Chap. 7. The UK Continental Shelf (UKCS), particularly oil and gas activ-
ities in the North Sea have been and continue to be critical for the economic
development and empowerment of the region. There has been a decline of
production in the North Sea, caused by several factors, including the fall in
global oil prices. With this in mind, the UK Oil & Gas Authority (OGA) has
adopted a strategy to maximise the economic recovery (MER) and extract as
much value as possible from the fields within the UKCS. The OGA has to
consider the MER strategy in the present where energy supply is expected to
transition to low carbon sources. With the advent of the 2015 Paris Agreement
on Climate Change, the world is moving away from fossil fuels with their
higher carbon footprint. The UK therefore has to align its MER strategies
with the strategies it has on energy transition, and its climate change objec-
tives under the Paris Agreement and domestic law. This chapter examines this
journey, in light of the UK’s energy transition objectives, and attempts to
demonstrate that it is possible for the UK to achieve its domestic MER objec-
tives whilst collaborating with the international community and contributing
meaningfully to the global energy transition.

In Chap. 8, Dr Marc Hudson critically analyses the strategies adopted by
fossil fuel incumbents in Australia to undermine the energy transition and
challengers to the status quo. Particularly vulnerable to climate impacts,
Australia also has virtually unlimited supplies of sun and wind for renewable
energy generation. However, its per capita greenhouse gas emissions are the
highest in the OECD despite over 30 years of policymaker awareness of
anthropogenic global warming. The cause of this seeming paradox is Australia’s
reliance on coal and natural gas for electricity generation. Alongside wind and
solar, Australia also has superabundant quantities of black and brown coal,
and natural gas. It has been the world’s largest coal exporter since 1984 and
has built enormous LNG export infrastructure over the last decade. Many
have noted the enormous inertia in the energy system, but this inertia has to
be constantly (re)-enacted and re-enforced. In order to incentivise, accelerate
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(or at the very least manage!) the decline of the incumbents, it is necessary to
understand their current and potential defensive strategies. This chapter out-
lines the political, economic and cultural strategies and tactics deployed by
incumbents and their proxies in their (largely successful) efforts at slowing the
Australian energy transition. In addition to a practical contribution, it helps
thicken our understanding of power and agency within socio-technical transi-
tions. In the political sphere incumbents have repeatedly defeated policies
around carbon pricing which could have undermined their business model
and supported their competitors. They have ensured that any climate policies
that were ultimately agreed contained significant caveats and loopholes which
would allow ‘business as normal’. Specific policies in support of renewable
energy have been retarded in their development, grudgingly implemented
and endlessly reviewed and changed, leading to investment droughts.
Institutions created to support renewables have been de-funded, their remits
changed to undermine their efficacy. Incumbents have worked to ensure that
the market rules favour large, centralised fossil fuel generators, making market
entry harder for decentralised and renewable sources. Economically, incum-
bents have worked to slow the growth of alternative sources of electricity gen-
eration. Energy-related R&D funding has been funnelled towards incumbent
fossil-fuel industries, the few extant subsidies for renewables deployment
attacked relentless, and pro-renewables policies repeatedly reviewed and
revised. Culturally, incumbents have responded to climate change by engag-
ing in both issue minimisation and outright denial. To do this they have cre-
ated think tanks and front groups to provide a steady stream of (mis)
information for journalists and cultural warriors. Similarly, they have attacked
renewable energy for its purported aesthetic and wildlife impacts. For over a
decade they have claimed that wind turbines are a health risk to human
beings. Beyond this, they have reified ‘baseload’, asserting that only central-
ised fossil-fuel generators can provide ‘energy security’. Most recently they
have attempted to reframe events such as the 2016 South Australian blackout
as a reason to eschew renewables.

Mr Daniel Gilbert and Ms Pooja Chatterjee, in an analysis of the Indian
power sector, ask how long ‘King Coal’ will remain dominant. In Chap. 9,
they show that the Indian power sector is highly dynamic and its destination
uncertain. Clearly it is undergoing a transition, but important aspects of that
change remain hidden. Coal combustion still dominates Indian electricity
generation; ‘King Coal’ still reigns in India. But for how long? Renewable
energy generation is undergoing a boom the economic certainty of which is
undermined by very low pricing achieved via energy auctions. Power sector
mis-governance afflicts the renewables sector and is even more pronounced in
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India’s coal mining and thermal energy sector. Domestic policy drivers dictate
the need for greater and greater levels of electricity generation, and for cleaner
air—an objective not consistent with current thermal power practice in India.
International concern regarding climate change is finally finding an echo in
India, and the country has undergone a remarkable transformation from cli-
mate change laggard to powerful advocate and leader. The dynamics of
domestic-international Indian policy-making are analysed through the lens of
India’s emerging energy transition, its likely future destination, and the ability
of the renewables sector to take the additional load.

The following chapter by Dr Victoria R. Nalule investigates the transition
to a low carbon economy in the developing world. Focusing on Africa and
Sub-Saharan Africa (SSA) in particular, Chap. 10 seeks to answer whether
Africa is ready to bid farewell to fossil fuels in light of ongoing issues of energy
poverty and access. The need for a global transition to a low carbon economy
has gained a lot of attention in recent years following the adoption of the Paris
Agreement in 2015 whose main aim is to reduce greenhouse gas emissions,
thus necessitating a shift from fossil fuels to renewable energy sources.
Although many developed countries especially in Europe are able to more
easily shift to renewables, the question that arises is, are developing countries
such as those in Africa ready for this shift? The strong correlation between
economic development and energy consumption also raises the question as to
how African countries can address energy poverty and access challenges while
at the same time protecting the environment? Given the energy challenges
and low rates of economic development in most SSA countries, this chapter
addresses the decarbonising efforts in Africa highlighting the challenges and
way forward.

The next chapter examines the changing international energy development
paradigm and the risks and challenges facing Russia in the low carbon energy
transition. Chapter 11 analyses an objective character of the shift in the key
paradigm of international energy development from the perception of ‘peak
supply’ to ‘peak demand’. Through primarily coupling this shift with the cli-
mate agenda, namely the 2015 Paris Agreement (COP-21), Professor Andrey
Konoplyanik argues that the preconditions of this shift refer to previous inter-
national developments, of almost half a century ago. The key reason for push-
ing the international energy economy towards this shift appears in the early
1970s with the radical increase in international oil prices. The following
‘domino effects’ of world economy adaptation to the new oil price levels and
pricing mechanisms created, in a few decades, accumulated structural effects
on the world economy in its shift from being ‘energy-wasteful’ before the
1970s to an increasing focus on ‘energy-efficiency’ today. And it is only based
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on this development with diminishment of the GDP of energy intensity
worldwide that the climate agenda has added another dimension to the trend,
by increasing in significance the ‘carbon intensity’ factor, similar to the way
‘energy intensity” has been a dominant issue since the early 1970s. As the shift
from an energy-wasteful to energy-efficient economy creates risks and chal-
lenges for different states due to their competitive advantages and disadvan-
tages under ‘old’ and ‘new’ economic structures globally and nationally, the
same will be the story with low-carbon development. This set of issues will be
analysed in this chapter with particular attention to Russia.

In Chap. 12, Mr Stefan Boflner analyses the dual issues of agency and
power in an evaluation of the role of German trade unions in the Energiewende.
Although portrayed as a global success story in the deployment of renewable
energy, the German energy transition is an interesting beast. While the share
of renewable energies in the power sector has reached impressive dimensions,
the country’s emissions remain stubbornly high. One reason for this counter
intuitive development is the significant role coal has played and continues to
play in Germany’s energy mix and in the German economy. This chapter
shines a light on this continuous love affair with coal and investigates how
coal has historically shaped the German economy, its energy system and even
the cultural identity of coal regions. Furthermore, the chapter analyses the
role of German coal stakeholders such as utilities and labour unions and
investigates the agency and power those stakeholders are still able to wield in
order to prop up the fossil fuel-based energy system. By doing so, this chapter
offers some explanations on why tackling coal as an energy source has been so
difficult in Germany.

The final chapter of Part II looks at the issue of fossil fuel decline and the
rural economy with Scotland as the case study. Using the lens of socio-
technical regimes and transitions, the succession of socio-technical transitions
from pre-industrial largely renewable energy, through water power, coal,
hydropower, oil and gas and now renewables is explored in relation to rural
Scotland in Chap. 13. Emeritus Professor Bill Slee argues that it is evident
that the exploitation of energy has had major impacts on rural Scotland, and
these may be more important in terms of major spatial and temporal demo-
graphic and economic variations than changes in the traditional primary
land-based industries. It is evident that rather than there being a switch from
one regime to another, the processes of regime change are uneven and partial,
with legacies of earlier regimes lingering long after for a variety of reasons.
The impacts of these different regimes were formerly almost exclusively
market-driven, but since nationalisation of coal and energy production and,
in spite of subsequent privatisation, public policy now sits alongside markets
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as a major influence on rural development outcomes. The capital-intensive
nature of contemporary renewable energy systems means that modest employ-
ment is created in construction and even less in maintenance and monitoring.
However, where community ownership has been asserted this offers highly
significant revenue streams to support rural development, and alongside land-
owner renewables development, helps to retain benefit streams within the
rural economy.

Part III concentrates on new agendas and approaches to managing the
decline of fossil fuels. In Chap. 14, Dr John Whitton and Dr Ioan Charnley-
Parry examine energy governance, public participation and shale gas fracking
in-order to understand if the UK is actually on the path to saying goodbye to
fossil fuels or whether the country is witnessing efforts to start a new fossil fuel
resurgence. The chapter discusses the promotion of shale gas as a part of a UK
energy mix of renewable, fossil fuel and nuclear technologies. This seems to go
against international agreements signed by the UK Government and others to
reduce global greenhouse gas emissions. This chapter frames discussion in
terms of ‘Energy Governance’ and the authors’ own conceptualisation of
social sustainability. However, it is also clear that all forms of electricity gen-
eration have not been without public controversy in the UK. Unconventional,
shale gas or fracking seems to have been the most prominent and has high-
lighted a systemic and persistent issue; that of a lack of transparency and
access to planning and decision-making surrounding energy developments in
the UK and the lack of agency afforded to affected communities. This chapter
argues that collaborating with local communities, whereby diverse local needs,
experiences and expertise, and priorities are explored is more likely to lead to
decisions that are socially sustainable.

Chapter 15 explores critical junctures in the US State of New YorK’s approach
to fossil fuel regulation with a focus on whether to ban or regulate hydraulic
fracturing. Dr Ida Dokk Smith examines the political process leading up to the
ban on hydraulic fracturing in New York State. This involved locating the early
phase ending with the governor’s decision to update the state’s environmental
review guidelines for permitting in 2008 as a critical juncture. In retrospect
this was a near miss for the oil and gas industry. The decision changed the rules
of the game to one where the opposition defended the status quo and gave
grassroot opposition time to mobilise. The case illustrates that political feasibil-
ity of restrictive supply side climate policies is not something we can define
with a predefined set of variables but is created through the political process.
Furthermore, this chapter notes an increasing use of such policy measures
since the ban. This suggests that the decision to ban hydraulic fracturing also
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marks an acceleration of the state’s transition towards a renewable
energy economy.

Chapter 16 by Mr lain Wright examines the regulatory and market reform
interventions necessary to switch from conventional to renewable power sys-
tems looking at the US and Russian energy markets. Measuring renewable
generation deployment in terms of megawatts installed over time offers a
somewhat restricted viewpoint from which to understand the interactions of
technical, market, regulatory and economic factors that ultimately determine
the success or failure of low carbon generation policy. This chapter examines
some of the fundamental technical and economic differences between power
systems comprising renewable and conventional technologies and why these
necessitate economic, as well as regulatory, interventions in order to provide a
viable investment environment for new capacity. Measures to mitigate the
impact of capacity duplication on conventional generation, required to main-
tain power system reliability, are also considered in this context. The validity
of this analysis is demonstrated through a review of the very different Russian
and US markets, where both financial support and market reform are shown
to be essential for successful deployment of renewables whereas neither, on its
own, is sufficient.

Chapter 17 by Professor Dr Jale Tosun and Mr Trevelyan S. Wing looks at
the diffusion of biofuel development in terms of whether or not it serves to
prolong fossil fuel use or hasten the low carbon energy transition. This chapter
investigates the striking similarity in biofuel development strategies within a
group of fifteen significantly varied states in North and South America,
Europe, Asia, and sub-Saharan Africa. How extensive are the similarities
across these countries when we differentiate between ‘generations’ of biofuels,
and how might we explain the former in terms of the biofuels-related policies
observed? To address both questions, this chapter draws on policy reports and
relevant scientific articles regarding the respective governments’ rationales for
promoting biofuels. We further show that, in each of the cases studied, biofu-
els were not intended as a substitute for fossil fuels but rather to complement
them. At the same time, the adopted policies serve to increase the share of
biofuels while reducing that of fossil fuels. While the types of biofuels pro-
moted are not identical, decisions to adopt them have been interdependent.
In the EU and US, for example, the promotion of biofuels represents an
attempt to pursue multiple goals simultaneously: increase energy security,
decarbonise the transportation and energy sectors, and promote agri-industrial
development. As relevant markets have become structured to promote biofu-
els, they have in turn created an economic incentive for developing countries
in particular to embrace biofuels accordingly. In this vein, the policy decisions
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made by more affluent countries clearly affect the policy decisions of less afflu-
ent ones, with the aforementioned incentive structure explaining the similari-
ties observed.

Chapter 18 by Dr Cassandra Star investigates how we can re-write and thus
re-make the future through transition movements and dismantling the
environment-economy dichotomy. Rapid changes in social, economic and
environmental circumstances necessitate transitions to reconfigured social,
economic and environment futures. The move to a low carbon future will be
no different; fundamentally different social, economic and environmental
futures will emerge. As global adaptation to climate change dominates, differ-
ent potential paths will be evident, each representing transition to a different
potential low carbon future. This chapter argues that the current political
debates about transitions to a low-carbon future are dominated by economic
considerations, rather than environmental ones, reflecting the entrenched
environment-economy dichotomy evident in the politics of nature liberal
democracies and the modern state. Economic elites thus govern these discus-
sions, failing to engage those whose futures are most at stake in the transition
to a low-carbon future. Not surprisingly, these debates then also fail to engage
with questions about just transitions, ignoring the equity and redistributive
impacts of economic transformation. Despite this, major economic change
offers the opportunity to re-write societal structures. In contrast to denialist
and green capitalism discourses, transition movements have arisen, focussed
on the idea of a just transition to a low-carbon, improved economic and envi-
ronmental future for all. These movements are located at a number of key
intersections that seek to unravel the environment-economy dichotomy
inherent in contemporary capitalism. These include local food systems, small
scale and alternative energy economies, sustainable communities and hous-
ing. Thus, current debates about transition to a low-carbon future represent a
battle between competing futures globally. The outcome will transform global
economic relations, global material flows and the current structures of power
and economic flourishing.

Mr Tedd Moya Mose and Mr Mohammed Hazrati explore the concept of
energy justice in Chap. 19 and ask whether energy justice in the fossil fuel
industry is a paradox? Globally, attempts to reverse the anthropogenic effects
of climate change have led to burgeoning scholarship on ‘energy justice’.
Energy Justice focuses on: (1) mitigating injustices associated with energy sys-
tems, (2) fairly distributing both the burdens and benefits of energy systems,
and (3) having impartial and representative decision-making. Using notions
such as recognition, procedural, distribution, and restorative justice, it informs
energy system stakeholders to provide equitable energy services to all.
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Currently, there are some inherent injustices (such as climate change) that are
associated with the fossil fuel-based energy system. These distinctive injustices
make the transition away from fossil fuels inevitable. However, the global
energy mix suggests that fossil fuels will still have a significant role in the
future. There is, therefore, a gap between the desired low-carbon future and
present realities. This disparity is evinced by the exclusion or absence of key
actors (the fossil fuel industry) in energy justice strategies. This chapter exam-
ines how energy justice principles can be applied to the fossil fuel industry
even as the transition to more sustainable energy sources is pursued. It
advances two key themes: First, how energy justice may balance the energy
trilemma in the fossil fuel industry. Second, it proposes the immediate appli-
cation of energy justice principles to the fossil fuel industry.

Chapter 20 by Dr Alex Lenferna looks at the issue of fossil fuel welfare
versus the climate. A predominant framing within much climate literature is
that the cause of climate change is free market capitalism, a perspective per-
haps most prominently found in Naomi Klein’s capitalism versus the climate
framing. This chapter, using a range of international case studies, demon-
strates how rather than the working of the ‘free’ market underpinning the
climate crisis, instead fossil fuel subsidies, government protection and favour-
able policies prop up the fossil fuel industry against competition and drive
much of the climate crisis. Instead of free market capitalism versus the cli-
mate, we have an extensive regime of fossil fuel welfare versus the climate. As
such, it is argued here that even proponents of free market capitalism should
be opposed to the current fossil fuel welfare regime. The chapter then dis-
cusses how we could create a more prosperous low carbon future at a lower
cost than how much we currently subsidise fossil fuels. Studies show that by
redirecting the welfare we give to the fossil fuel industry to a more socially and
ecologically just future, we could greatly improve human and ecological wel-
fare and meet the Paris Climate Agreement target of keeping warming to 1.5°C.

The next chapter turns to the issue of energy storage. Chapter 21 sets out
perspectives on an energy system following the decline in fossil use and the role
of energy storage. As Dr Andrew Fredrick Crossland argues, since the dawn of
the industrial revolution our economies, our development and our psyche
have been inherently linked to an addiction to carbon based fuels. Whilst they
last, these fossil fuels can be consumed at the time and point of need—a con-
cept called dispatchability. Low carbon sources, whether nuclear or weather
dependent are often cited as being non dispatchable and so not always avail-
able when needed. Low cost, high density and easily deployable energy storage
is one of a suite of technologies which could add the flexibility needed to help
match the generation of low carbon energy to consumption. This chapter
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explores the ways in which energy storage can provide that flexibility. It con-
siders storage in many of its forms, from fast responding batteries through to
large pumped storage facilities and electric vehicles. There is a special focus on
electricity systems through proposing a future ‘electrical energy storage mix’.
The chapter also provides a critical assessment of energy storage to provide
near complete decarbonisation of homes, commercial buildings and islands
through a series of case studies. This informs what storage can, and cannot
achieve, in the context of abating fossil fuel.

Dr Keith Baker explores the implications of decarbonising the heat sector
in Scotland. Chapter 22 revisits previous arguments that the Scottish
Government is facing a perfect storm as it attempts to decarbonise heat sup-
plies over the coming decades, with the aim to revisit the issue to question
whether such warnings are too alarmist. This chapter sets out how the devel-
opment of renewable and low carbon heat supplies could contribute to man-
aging the decline of fossil fuels by providing alternative ways of meeting
demand for one of our most basic needs, as well as contributing to other
environmental, social and economic goals. Expanding on existing issues, par-
ticularly technology changes such as the adoption of electric vehicles and the
growth of the hydrogen economy, the chapter also revisits the issue of the
need for strategic planning and long-term planning and investment in infra-
structure and finds that the latest proposals and policies to emerge from the
Scottish Government have done little or nothing to address these needs, and
indeed fall far short of them. As a result, revisiting the evidence has served to
expand on how and why the threat of a perfect storm is now more real
than ever.

Part IV contains the final two chapters which together provide an epilogue
to the book. Alluding to the title of the book, Chap. 23 by Dr Geoffrey
Wood, drawing on the findings of the chapters, asks the following questions:
are we witnessing the decline of fossil fuels in our time, and will it be a ‘Long
Goodbye or more revolutionary in its decline? Paradoxically, given the stark
warnings about the dangers of climate change, are we instead witnesses to a
‘Long Hello’ as we continue down the road of high carbon energy use and
indeed growth via new fossil fuel technologies and fuel sources? Chapter 24
by Dr Keith Baker and Dr Geoffrey Wood provides concluding thoughts on
the urgency and need to manage the decline of fossil fuels as we transition to
a low carbon energy future.
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Carbon Capture and Renewables: Strategic
Conflicts or Tactical Complementarities

David Elliott

1 Introduction

Carbon capture and storage (CCS), the main focus of this chapter, is some-
times seen as a key technical fix allowing for the continued combustion of
fossil fuels in power stations. This, however, is set in a context where coal use
is being challenged around the world, while renewable energy use is accelerat-
ing ahead. Those who back the latter may often feel that any talk of finding
ways to reduce the impact of continuing to use fossil fuel risks deflecting or
slowing the growth of renewables and the more efficient use of energy.

It is certainly the case that fossil fuel interests want to stay in the game as
long as possible and they will see ameliorative clean-up options as a way to
extract as much value as possible from the major investments that they have
made in the past. Some may also see emission clean-up technology as more
viable than renewable energy technology, with the latter sometimes being
depicted as being far-off and even utopian. We hear less of that view nowa-
days, with renewables supplying around 25% of global (and UK) electricity,
but it is still the case that fossil fuels remain the dominant power suppliers
globally, and they will be so for some while. In which case, if carbon emission
reduction is seen as urgent, then clean-up options are also urgent, if only per-
haps as an interim measure.

D. Elliott (=x)
School of Engineering & Innovation, Open University, Milton Keynes, UK
e-mail: David.elliott@open.ac.uk

© The Author(s) 2020 25
G. Wood, K. Baker (eds.), 7he Palgrave Handbook of Managing Fossil Fuels and Energy
Transitions, https://doi.org/10.1007/978-3-030-28076-5_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28076-5_2&domain=pdf
mailto:David.elliott@open.ac.uk

26 D. Elliott

This chapter looks at some of the key options for abating emissions from
the combustion of fossil fuels, focussing on the various types of carbon cap-
ture, their potentials and problems and also looking at possible conflicts or
complementarities with renewables, in the context of diminishing reliance on
fossil fuel. Improving the efliciency with which the energy from fossil fuels is
produced and used is also important, since that can reduce carbon emissions
per kWh produced and/or used, but the main focus in what follows is carbon
capture, which has been seen as a way to deal with the emissions once pro-
duced, with potentially wide-scale applications and implications
(GCCSI, 2017).

Quite apart from the technical and economic issues explored below, the
carbon capture approach has its limitations. Although ‘air capture’ (i.e. direct
from the atmosphere) might play a role, carbon capture at the exhaust level is
not practical for the carbon dioxide (CO,) emissions from burning fossil fuels
in cars, trucks, buses and aircraft. Moreover, carbon capture, wherever applied,
does not deal with impacts from the use of fossil fuels other than CO, produc-
tion, such as the social and ecological impacts and risks of coal mining, oil and
gas extraction and the transport of these fuels. In addition, and crucially, there
are the other environmental and health impacts of burning fossil fuels, with
air quality being a key issue. Although some of the acid gas and particulate
emissions from the use of fossil fuels in power plants and industry may be
removed as part of, or in conjunction with, some carbon capture processes,
that is incidental to carbon capture. Its main focus is CO,, so as to allow for
continued fossil fuel combustion with fewer climate impacts.

2 Carbon Capture Options for Power Plants
and Industry

While some see the various clean-up/ameliorative options as potential rivals
to renewables, deflecting support from them, some of these options may com-
plement rather than undermine renewables, so that conflicts might be reduced
somewhat. For example, while Carbon Capture and Storage might be seen as
just a way to allow for the continued use of fossil fuel, its initial development
for that purpose might also be seen as an interim step toward the adoption of
‘negative carbon’ Biomass with Carbon Capture and Storage (BECCS). It is
also argued that fossil plants with CCS can play a role in balancing the variable
output from renewables. So, it is claimed, renewables need fossil CCS for
backup. As we shall see, it may also be the case that CCS and other carbon
capture techniques may need renewables to provide carbon free energy to
power them. So, there are possible synergies.
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Leaving those arguments aside for now, there is the more general issue of
whether CCS, or indeed BECCS, is needed, or viable on a large scale, with
some seeing CCS as likely to be too expensive and risky. The technological
basics are relatively straight forward. Carbon Capture and Storage involves
the capture of the CO, gas produced from the combustion of fossil fuels in
power plants or industrial plants, via chemical absorption and then release,
with the CO, gas being pumped in compressed form along pipes for storage
under pressure in empty undersea oil and natural gas wells or other geological
strata. It is sometimes claimed that CCS can reduce emissions from the use of
fossil fuel in power plants by up to 90%, although in practice its overall efhi-
ciency may be more like 60—70%, partly since the various CCS processes use
energy and supplying this using fossil fuels adds more CO, emissions.

In the power plant context, the overall efficiency and cost of CCS will
depend on whether it is a coal or gas fired plant (oil-fired power plants are
now rare) and on whether a pre- or post-combustion capture approach is
used. The latter approach is easier, and the necessary equipment can in theory
be retrofitted to any suitable existing plants, but for coal plants, pre-
combustion capture (involving an initial gasification stage) may be more efh-
cient and can provide a source of hydrogen, although it is less developed and
currently costlier. Enhanced Oxyfuel combustion (in an oxygen rich environ-
ment) offers another also less developed route, with the concentration of the
CO, that is produced being higher and more easily captured (CCSA, 2018).
Unabated coal plants produce more CO,/kWh than gas plants, so inevitably
they have been the initial focus for CCS, but as coal use diminishes, gas CCS
may become more important.

Whichever route is followed, clearly CCS will push up the cost of energy
supply since extensive extra systems have to be built, perhaps adding up to
50% to the overall capital cost of the plant. In the retrofit context, it involves
building a new clean-up plant alongside the existing power plant. Overall
plant energy conversion efhiciency can fall by around 10%, and water use/
kWh may increase by up to 4 times, compared to a plant without CCS
(Tzimas, 2011). Transmission of the captured CO, also adds to the overall
cost: pipework has to be built and energy has to be used for pumping and
compression. Storage adds further costs and is at present the most uncertain
of all the costs, since it depends on the location [CUT]—given that there are
few full-scale CCS projects as yet, most of the costs are uncertain. Nevertheless,
the International Energy Association (IEA) GHG project has claimed, per-
haps rather optimistically, that “the cost of avoiding CO, emissions is 40—60
US$/tonne of CO, (depending on the type of plant and where the CO, is stored),
which is comparable to other means of achieving large reductions in emissions”

(IEA, 2018).
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Permanent storage of the captured CO, is obviously the aim, but some
doubt whether it can be achieved reliably over very long periods, depending
on the location and its geology. Oil and natural gas were trapped underground
in strata safely for eons, until the artesian well cap was breached for extraction,
so it is argued that refilling them with compressed CO, should not involve
extra risks. However, the space available in such wells is relatively limited.
While, in something of a symmetrical exchange, they might in theory be suf-
ficient to take most of the CO, from oil and gas burning, we also have large
amounts of CO, from coal burning to deal with, and the coal did not come
from these sites. There are other geological options, with, in theory, more
space available, such as open aquifers, but they may be less secure. Accidental
rupture and rapid release of large volumes of gas could be very dangerous,
particularly if the storage sites were on land rather than offshore. When cool,
CO, is heavier than air, so it could produce a suffocating blanket of gas. That
actually happened at a Lake in Cameroon in 1986, when a large cloud of
trapped, naturally produced, CO, was released, killing over 1,700 people
(Atlas Obscura, 2013).

However, all being well, in the CCS context, it is thought that some of the
stored gas may, in time, bond with rocks and perhaps form new solid calcium
carbonate deposits. Some experience with geological injection and storage has
been gained from Enhanced Oil Recovery using injected gas, although very
long-term storage would involve new challenges (DECC, 2015).

Despite the technical complexity and reliability issues, CCS has been seen
as vital, with the IEA arguing that, globally, “CCS could deliver 13% of the
cumulative emissions reductions needed by 2050 to limit the global increase in
temperature to 2°C (IEA 2DS)” (ETI, 2017). There was also some urgency,
with Oxford Prof. Myles Allen arguing that “early investment in carbon dioxide
disposal is crucial because most of the cheapest options, like underground storage,
will take decades to develop and gain public acceptance” (Allen, 2016: 684).

BECCS too has attracted interest (Gough and Vaughan, 2015). Burning
biomass can be (roughly) carbon neutral, since the carbon had previously been
absorbed from the air by plant growth, but if the CO, produced is then cap-
tured, the process can be overall carbon negative. The ETI has estimated that
BECCS could supply around 10% of UK power along with substantial net
carbon reduction, servicing around 10 GW of power generation and other
industrial sources fitted with CCS (Gammer and Newton-Cross, 2016).
However, views differ on the need for and viability of BECCS (Carbon Brief,
2016; Lowe, 2016). Clearly its progress depends on the development of bio-
energy technology and the necessary sustainable biomass sources. Its wide
scale use implies a very significant increase in biomass production and land
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use (Newton-Cross and Evans, 2015), although with major uncertainties
about the scale needed and the ultimate global potential (Wiltshire and
Davies-Barnard, 2015). Crucially, it also depends on the success of CCS. That

has not so far been spectacular—See Box 2.1.

Box 2.1: Progress on carbon capture

Some coal CCS prototypes were tested in Germany and elsewhere, and two large
coal CCS projects are running in North America, but further progress on CCS has
been slow, with concerns about the cost leading the UK to halt its £1 billion CCS
competition in 2015. It had taken a while for suitable schemes to come forward,
with the White Rose project at the Drax site near Selby, Yorkshire, and a Shell
project at Peterhead in Scotland eventually being selected as candidates. But
with the funding gone, in 2015, both projects were abandoned. This outcome
was seen by some as very unfortunate (ETI 2015; Oxburgh 2016). Explaining the
decision, then Prime Minister David Cameron said, “You spend £1 bn on carbon
capture and storage, you get some carbon capture and storage capacity and it
would cost you, at the current estimate, something like £170 per megawatt-
hour. That compares with unabated gas costing £65, onshore wind perhaps as
costing £70 and nuclear costing, say, £90 [...] Governing is about making deci-
sions, and it seemed to me that the right decision was to say that we would not
go ahead with the £1 bn, because that is £1 bn that we can spend on other capi-
tal investment projects, including energy projects such as making progress on
energy storage or modular reactors” (Cameron, 2016).

The UK cut back has been replicated elsewhere, with, subsequently, work on
the flagship US Kemper coal CCS project being halted after massive cost over-
runs (to US$7.5 billion); it has been converted to a gas plant (Fehrenbacher,
2017). Norway, already a CCS pioneer with its enhanced oil recovery technology,
has also cut its CCS funding (Cuff, 2017a). Some project work continues around
the world, and the Global CCS Institute lists 17 CCS-type projects running world-
wide (GCCSI, 2018). However, most are gas processing and chemical plants, not
power plants. Although more CCS projects of various types are planned, at pres-
ent, there are just two working coal CCS power projects, the US$1 billion Petra
Nova project in the USA (EIA, 2017) and the US $1.5 billion Boundary Dam proj-
ect in Canada (IEA, 2015). They both use the captured CO, for Enhanced Oil
Recovery (so CO, will be produced again when the oil is burnt). Despite some
interests in Australia and China, large coal CCS projects seem unlikely to prosper,
with there being criticisms of the existing projects in terms of the high cost, high
energy use (up to 25% of the plants output) and low final carbon capture rates
(Homes a Court, 2017). In time, new CCS technology may of course reduce costs,
for example for the capture phase (Papageorgiou, 2014; Ondrey, 2015; Novek
et al., 2016), but, for the moment, the overall message seems to be that, with
costs seen as high, it is ‘game over’ for fossil CCS as a major option for power
plants (Simon, 2017).

The prospects for BECCS are therefore also unclear. It also has opponents. As
with CCS, not all the carbon can be captured. Moreover, those concerned about
the environmental impact of the increased use of biomass are inevitably unhappy
with BECCS. They see it as having major land-use impacts and as undermining
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important carbon sinks (Biofuelwatch, 2015). In a report on biomass for Chatham
House, Duncan Brack says: “The reliance on BECCS of so many of the climate
mitigation scenarios reviewed by the IPCC [International Panel on Climate
Changel] is of major concern, potentially distracting attention from other mitiga-
tion options and encouraging decision makers to lock themselves into high-car-
bon options in the short term on the assumption that the emissions thus
generated can be compensated for in the long term” (Brack, 2017: 12). A similar
view was adopted by a recent critical study from the Netherlands Environmental
Assessment Agency and the Copernicus Institute (van Vuuren et al., 2018), claim-
ing that BECCS was not vital, and arguing for more of a focus on other mitiga-
tion options, with its lead author saying that that it was ‘unfortunate’ that work
to date on meeting the Paris ‘1.5C" target has been so dominated by BECCS
(Evans, 2018).

Nevertheless, there is still support for BECCS and for CCS. Indeed, the UK gov-
ernment’s advisory Committee on Climate Change (CCC) insist that BECCS is vital
to meet climate targets (CCC, 2018). A small BECCS pilot project is underway at
the Drax plant in Yorkshire (Drax, 2018), although that has no storage as yet.
Moreover, there are also plans for a larger prototype CCS fossil gas project in
Scotland ‘in the mid-2020s’, with offshore storage (Keane, 2018).

Clearly, as indicated in Box 2.1, the cost of CCS has proved to be a key
factor in its slow progress. So, for the moment the prospects for CCS, and
therefore also BECCS, look limited, with other decarbonisation options being
seen as possibly more attractive. Auke Lont, the CEO of Norwegian power
grid operator Statnett, has said that, given the emergence of renewables at a
cost “below seven euro cent per kilowatt hour... there is no room for carbon cap-
ture and storage in the power sector. In the power sector, the game is over because
other technologies have surpassed CCS” (Simon, 2017).

While there is still some pressure for adding CCS to new gas plants, it
seems unlikely that anyone would now build a new coal plant with CCS. These
setbacks will not be welcomed by those who see CCS as the best way to secure
a future for fossil fuel, or by those who believe CCS and/or BECCS are vital
to cope with or reduce carbon emissions. For example, the UK Energy and
Climate Change Select Committee has claimed that, without CCS, the UK
“will not remain on the least-cost path to our statutory decarbonisation”
(ECCSC, 2016: 3).

Most recent energy scenarios have included CCS as a key element, and
some have included BECCS, although the emphasis has varied. For example,
the IPCC have backed both CCS and BECCS strongly (IPCC, 2017), and
while the IEA, in a joint report with the International Renewable Energy
Association (IRENA) sees CCS as important for the power and industrial sec-
tors, IRENA see CCS as being deployed exclusively in the industry sector,
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with renewables dominating the mix: they do not look at BECCS
(IRENA, 2017).

Certainly, CCS can be used for carbon emissions from industrial processes,
as well as from power plants. It may be that this will be the main focus, since,
some argue, CCS may offer an easier way to decarbonise industrial activities
than replacing their use of fossil fuel with renewables. That is debatable: it
depends on the industrial process. In some (e.g. fertiliser and chemical pro-
duction), CO, generation is inherent to the manufacturing process, and CCS
might be attractive, although, if, rather than CCS, carbon capture and wutilisa-
tion is adopted (i.e. CCU), then some industries may find it possible to
develop valuable new products, including synthetic fuels. For example, the
captured CO; could be processed chemically with hydrogen to make methane
gas or liquid methanol. In general, CCU does look more economically attrac-
tive than CCS, given that it offers the potential for new valuable products,
and it may be that, unlike CCS, it will prosper in some sectors. However, as
is explored later, synfuel production using captured CO, requires a source of
hydrogen (e.g. from electrolysis of water, or steam reformation of fossil gas),
and overall CCU does still rely on complex capture and conversion technology.
So, there may be efhiciency and cost limitations to synfuel production
(Dimitriou et al., 2015). Moreover, the combustion of synfuels will produce
CO,, so, unlike with CCS, there are no carbon gains with this CCU option,
and the adoption of this approach for biomass plants, i.e. ' BECCU’ (Biomass
Carbon Capture and Utilisation), would lose the negative carbon bene-

fits of BECCS.

3 Air Capture

While the debate continues over which is the best way to deal with emissions
directly from power plants and industry, there are also other more general
carbon capture options under development, based [of CUT] on capturing
CO, from the air. Unlike conventional CCS, they have the advantage of also
being able to deal indirectly with the CO, added to the atmosphere from
other sources, such as cars and aircraft, where CCS is not possible.

In so-called Direct Air Capture, air is sucked through large filters in towers
containing an absorbent such as liquid sodium hydroxide, which reacts with
the CO, to give sodium carbonate. Solid adsorbent options also exist. The
captured CO, is then released and stored or used as a source of carbon for
chemical or synfuel production, with, in either case, the sorbent being recy-
cled for reuse (Lackner, 2015). The CO, storage route offers a carbon negative
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option, in the sense that it pulls CO, directly out the atmosphere. However,
unlike BECCS, it would not generate energy, indeed it would use energy. The
synfuel approach (sometimes labelled ‘Air to Fuel’, or A2F), does offer an
energy output, but since burning synfuels would generate CO,, the overall
process would no longer be carbon negative. Moreover, as with fossil CCU
and BECCU, hydrogen, as well as more energy, would be required to make
the synfuel.

There are other significant issues, whichever route is taken. At around
0.04%, the proportion of CO; in air is very much lower than in the exhausts
of power plants or industrial flue pipes, so the air capture approach has a fun-
damental problem compared with conventional CCS or CCU. It needs to
handle large volumes of air in large scale units and more energy is needed to
achieve similar capture rates. Whereas fossil plant CCU can make use of
amine absorbents for CO, capture, they are expensive, and to deal with the
much larger volumes of gas that have to be processed to get at the small CO,
component, for Air capture, lower cost but less efficient chemical extraction
options have to be used, requiring more energy. Nevertheless, some see Air
capture as viable. Indeed, Bill Gates has supported the development of one
such system (Crew, 2015). It seems a long shot, although it may yet prosper,
especially in its CCU/synfuel variant, as may some other developments in the
atmospheric CCU/A2F field (ACS, 2015).

The main advantage air capture has over conventional power plant/indus-
trial CCS/CCU, apart from being potentially carbon negative (if the CO, is
stored), is that it can be done anywhere. It does not have to be at or near a
power plant. It does take space, but it is argued that, since it is much more
efficient at carbon capture than plant photosynthesis, it will take much less
room/tonne of carbon than BECCS and would require perhaps 1,000 times
less area/tonne carbon [, CUT] than growing trees to capture CO,. Costs
remain high, at around $600/tonne C, but there are hopes of getting down to
$100 or less. However, that has to be compared to the $60-90/tonne C
claimed by some fossil plant CCS projects and the $30/tonne evidently
achieved by one Indian CCU project (Cuff, 2018).

Moreover, given that it does requires energy, it seems unlikely to be cheaper
to extract CO, from air than to avoid its production by using renewable
energy powered devices, such as wind turbines, directly for power. Although
renewable energy sources can be used to power the air capture process, it is
not clear if that is the best use for their output in carbon saving terms.
Hopefully that will become clearer after current trials in Switzerland and
Canada, with talk of using PV solar or other renewables for the energy input
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(Peters, 2017; Vidal, 2018). There is also a unit in Iceland, working on a geo-
thermal energy site (Cuff, 2017b).

Apart from the more obvious and low costs carbon negative route of plant-
ing trees, there are other sometimes exotic global geoengineering-based air
capture ideas, though they may have large scale, unpredictable, possibly even
irreversible environmental impacts, e.g. seeding the seas with ferric com-
pounds to increase greenhouse gas retention (Keller et al., 2014). By contrast,
although it takes space, planting more trees seems so much easier and less
risky, although trees do die and rot and can catch fire, so releasing the CO,
they have absorbed and stored back into the air. Nevertheless, reforestation is
an attractive carbon sink option, and also offers other environmental benefits.
More subtly, changes in farming practices including ‘no till’ soil management,
can have major GHG absorption implications. So, may biochar production:
it can improve soil quality and CO, retention. Perhaps we do not need artifi-
cial ‘Air Capture’ trees.

However, if significant amounts of carbon are to be captured biologically,
the scale of operation required, as with BECCS, would have to be vast. A
recent review of all the negative emission technologies (NETs) by the European
Academies’ Science Advisory Council (EASAC) concluded that they had
‘limited realistic potential’ to halt increases in the concentration of green-
house gases in the air at the scale envisioned in the Intergovernmental Panel
on Climate Change scenarios (EASAC, 2018).

It looked at reforestation, afforestation, improved soil management tech-
niques, ocean fertilisation and BECCS, as well as enhanced geo-chemical
absorption and direct air capture and carbon storage. Given the technical and
land use limitations, it suggested that these NETs, even taken together, did
not have the potential to deliver carbon removals at the 12 Gigaton Carbon
p-a. scale and at the rate of deployment envisaged as needed by the IPCC to
help reach the carbon reduction targets agreed in the Paris climate accord. The
maximum potential of the biological options as identified in the literature by
EASAC was around 10 GT p.a., with reforestation/afforestation possibly
offering 3.3 GT p.a., BECCS 3.3 GT p.a., and better land use management
2-3 GT p.a., while ocean fertilisation offered under 1 GT p.a. However, all of
these estimates were seen as very optimistic. For example, on trees, it noted
that, sadly, it was hard enough just fighting deforestation.

Direct Air Capture came out at possibly slightly ahead at 3.3 + GT p.a.
but overall, in its press release for the EASAC report mentioned above,
EASAC (2018: 1) warned that “scenarios and projections that suggest that
NET; future contribution to CDR [CO, removal] that allow Paris targets to be
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met thus appear optimistic on the basis of current knowledge and should not
form the basis of developing, analysing, and comparing scenarios of longer-term
energy pathways for the EU... Relying on NET to compensate for failures to
adequately mitigate emissions may have serious implications for future
generation” .

So, there are major limits. Certainly, unless carried out on a vast scale, air
capture on its own, by whatever means, is unlikely to be sufficient to deal with
the scale of our historic, current and projected carbon emissions, some of
which have gone into, or will go into, the seas (Cao and Caldeira, 2010).
Extracting CO, from the oceans might be an option, and some have sug-
gested that fuel could be made from it (Morgan, 2013). The concentration of
CO, in the oceans is higher than in the air, so it might be worth it. The
extracted CO, would of course be replenished in the seawater by CO,
absorbed from the air, but it has been suggested that schemes that consume/
remove and sequester excess ocean CO, can effectively address both excess
ocean and air CO,, sidestepping the need for direct air CO, capture. That
may be true, but the cycle will have to be continually repeated, whatever tech-
nology and CO, location is used, if CO, is still being added to the air from
combustion.

That is fundamental problem with carbon capture. If more CO, is being
added, there will be an endless need for energy-using technical fixes for car-
bon reduction, with potentially diminishing returns. Air capture or CO,
extraction from the oceans also seem to offer few collateral benefits for renew-
ables. There might possibly be a supporting role for renewables in providing
the necessary energy, but it is not clear if that is the best use for them, and,
more generally, there is a risk that support for carbon capture may detract
from support for renewables and energy efficiency. In terms of the NETs the
EASAC review looked at, including air capture, one of its authors commented
“negative emissions technologies are very interesting, but they are not an alterna-
tive to deep and rapid emissions reductions. These remain the safest and most reli-
able option that we have” (Shepherd, 2018). The implication being that we
should focus on the latter, and not be sidelined or deflected.

4 The Hydrogen Option

While air capture has limits, and direct power plant and industrial carbon
capture may have problems, there is a hybrid CCS/CCU approach to
enabling the continued use of fossil fuel that may hold some promise. That
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is the idea of converting fossil gas into hydrogen by steam reformation, with
CCS added to reduce emissions. Earlier above, mention was made of the use
of hydrogen to convert CO, captured from power plants or industry into
synfuels such as methane. That was also an option for air and ocean cap-
tured CO,. However, in this new CCU/CCS variant, fossil methane is the
starting point. It is converted to hydrogen which is then used as a fuel, the
extracted CO, being stored, making the overall process (apart from the
energy needed to run it) near carbon neutral, since the hydrogen when
burnt does not generate CO,. This approach might have potential for com-
plementarity with renewables, as the technology develops, by opening the
way up the use of fully ‘green’ renewable hydrogen as a fuel, with no fossil
gas or CCS then being needed.

Certainly, once produced, hydrogen offers a clean and flexible new
energy vector. When burnt in air it just produces water (and some trace
NOx) and it can be used as a replacement for fossil gas in many contexts,
including home heating. Mixtures of hydrogen and fossil gas are already
in use in the USA and Germany and elsewhere, but it is also possible to go
for 100% hydrogen if modern plastic pipe work is available. In theory,
depending on how it is sourced, with hydrogen as a fuel, there should be
significant reductions in emission compared with the continued direct use
of fossil gas e.g. for domestic heating and cooking. By contrast with the
current UK plan for decarbonisation of home heating by installing elec-
tric heat pumps, it would avoid the need to replace domestic gas-using
appliances. The existing cookers and gas fired boilers would only need
small adjustments to run on hydrogen. Moreover, rather than stressing the
power grid further, the existing gas mains can continue to be used, with
only minor upgrades. In the UK, the gas main carries around 4 times
more energy than the power grid, so a full switch over to electric heating
would be very difficult to achieve. There are already plans for the injection
of hydrogen, or syngases derived from it, into to the UK gas grid (Ambrose,
2018) and also a 100% hydrogen gas main switch-over proposal, the H21
scheme in the city of Leeds, as well as the Cadent project in the Liverpool/
Manchester area—see Box 2.2. The estimated capital cost are relatively
high e.g. around £2bn for H21, with £139 million p.a. operating costs,
and £600m for Cadent, with operating costs near £60m p.a. But projects
like this may offer a new way forward, given the attractions of hydrogen
as a fuel for heating.
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Box 2.2: Hydrogen options

The Leeds H21 project involves a switch over to 100% hydrogen, made by steam
reformation of fossil gas, injected in the Leeds gas mains, with CCS taking care of
the CO, produced in the conversion process. It is seen as pioneering showcase
effort that, if successful, could be replicated in other cities (H21, 2016). In paral-
lel, a somewhat smaller Cadent Liverpool-Manchester Hydrogen Cluster project,
still at concept stage, aims initially to supply a high hydrogen mix just to selected
industrial gas customers, although possibly also, in a blended mix with fossil gas,
to domestic consumers. The CO, produced from steam reformation process
would be captured and then stored in depleted gas wells in Liverpool Bay
(Cadent, 2017).

As noted above, in term of gas use, the change-over to 100% hydrogen would
require some system adjustment. Hydrogen at high concentrations can cause
embrittlement of metal pipework, with the potential for leaks or ruptures.
Fortunately, most of the UKs old iron gas mains pipework has been upgrade
with plastic pipes, but not all. That programme would have be extended to every
house. The replacement of burners in appliances is also not a trivial operation. In
the UK, before the advent of North Sea Gas, appliances used to run on Town Gas
made from coal, which included a high proportion of hydrogen along with
methane and carbon monoxide. For the change-over to North Sea gas (which is
mostly methane), starting the late 1960s, the burner jets of all appliances had to
be replaced, in a national refit programme. It took about 10 years to complete
the full change over, which cost around £100m. In effect, that process would
have to be reversed to allow appliances to run on 100% hydrogen.

There are also some more fundamental efficiency issues. There will be losses
associated with the multi-stage gas conversion and CCS process, including some
energy use for the reformation process so that, for the H21 system, is was esti-
mated that 47% more gas will be needed to get the same heat output as would
be obtained if the gas was used directly for heating. So, the net emissions saved,
even with CCS, would only be 59% compared with the conventional gas route
(Lowes, 2016).

There are also non-fossil options for the systems like this. Some biogas, pro-
duced by Anaerobic Digestion (AD) of farm and other wastes, might also be used
as a feedstock for hydrogen production via steam reformation, rather than just
fossil gas (Sattar et al., 2014). If 100% green biogas was used, the process would
be carbon negative with CCS, or carbon neutral without it. But if we have green
biogas, then why go for conversion to hydrogen? Why not just inject AD-derived
bio-methane into the gas mains? Or perhaps go for a blended mixture. That is
what is being done elsewhere. Blending may be necessary since there is unlikely
to be sufficient biogas available, even if also using food waste, to meet heat
demand, although low-carbon syn-gases from industrial sources might be used
(Abbess, 2015).

Alternatively, there is electrolysis route. Hydrogen gas can be produced directly
by the electrolysis of water, using electricity from wind and PV solar plants. In
addition to use for heating, as in the H21 concept, it can be used for balancing
variable renewables. Hydrogen, made using surplus renewable electricity, gener-
ated when availability is high and/or power demand is low, would be stored,
ready to be used to make electricity again, in a gas turbine or fuel cell, when
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wind and/or solar availability is low, and/or demand for it is high (Sky, 2014). This
idea is under rapid development in Germany and elsewhere (Ogleby, 2018), with
CCU variants also being developed. For example, in some cases, the hydrogen
gas is converted to methane, using CO, captured from power plants, and then
injected into the gas main for heating (Windgas, 2017). Hydrogen or methane
can also be used a vehicle fuel. Clearly this overall ‘Power to Gas' (P2G) concept
can yield a range of useful fuel options (Hydrogenics, 2018).

However, the Power-to-Gas conversion process is at present relative inefficient
(50-60% typically) making the resultant green hydrogen or methane expensive.
According to French company Engie, which is looking to shift to green hydrogen
production and distribution, steam reforming of hydrocarbons, which accounts
for 95% of hydrogen produced today, costs about €2/kilo, compared to €6/kilo
for electrolysis (De Clercqg, 2017). But, as electrolysis technology improves, with
the advent of high efficiency PEM (Proton-Exchange Membrane) cells like the
one developed by UK company ITM Power, costs are falling. ITM Power claim
that their PEM cell has an overall efficiency, with heat recovery, of 86% and it
has been wining orders for its technology in Germany as well as the UK (ITM
Power, 2018). They clearly see this as the way ahead (Cooley, 2017). The Power
to Gas hydrogen option will be looked at as part of the H21 programme,
although given its still relatively high cost, it is not seen as likely to be a major
option for now, even though it would avoid having to use CCS. However, that
may change as the costs of renewables and P2G fall and the cost of fossil gas
rises (Richard, 2018). Certainly, recent studies have suggested that this approach
merits attention (Institution of Mechanical Engineers (IMechE), IMechE, 2018;
Butera et al., 2018).

Both of these projects are focused on hydrogen production via steam refor-
mation, so that CCS is vital if this approach is to expand. However, whether,
as one commentator suggested “the prospect of a hydrogen-based energy system
could prove a clinching argument for the development of CCS”, remains to be
seen (Keay, 2018: 20).

As noted in Box 2.2, for the moment, most hydrogen is produced using
steam reformation of fossil fuel, but, since it can also be produced using
renewables, some see the focus on fossil-derived hydrogen, sometimes
called ‘brown hydrogen’, as a diversion from a switch to genuinely ‘green
hydrogen’ produced using renewables sources (with no need for CCS),
including synthetic green gases from Power to Gas (P2G) conversion.
Others however see it, and the development of industrial sources of hydro-
gen, as a possible step on the way to the adoption of renewable hydrogen,
by establishing greener gas in the heating market, ready for later replace-
ment by fully green biogas and P2G syngas, when and if that becomes
available on a wide scale (Abbess, 2015). The point being that, at present,
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as noted in Box 2.2, hydrogen from steam reformation is much more eco-
nomically viable than (renewable) power-to-gas conversion. While that
may be true for now, it ignores the emission issues associated with using
fossil gas and adding CCS would push up the cost. P2G avoids that. But,
as noted in Box 2.2, for the moment that route is not being looked at seri-
ously for the Leeds H21 project.

That highlights a key strategic problem that emerges in this and other
ostensibly interim fossil fuel-use cases. If we continue to focus on the
cheaper short-term ameliorative options, the longer-term renewable
options will always remain longer-term: they have to be promoted before
they can (hopefully) become competitive. That is what has been done to
some extent with renewables so far, often in the face of objections from
those seeking support for ameliorative measures for fossil fuel use, which
usually look cheaper and easier in the short term. Renewables have never-
theless succeeded in moving out of niches into the mainstream, aided by
subsidies which have helped them to become increasingly competitive.
Carbon capture, in its various forms, has so far not been able the achieve
that, and, given its problems, it may never do so. However, to the extent
that some of the carbon capture technologies may have a useful interim
role to play in emission reduction and possibly also synfuel production, a
more coherent approach than just leaving them to sink or swim may

be needed.

5 Optimal Carbon Reduction

In his ‘Systems Thinking for Geoengineering Policy’, Robert Chris, looking
very broadly at geoengineering possibilities, argues that we should promote
approaches to dealing with climate change that are “robust against the widest
range of plausible futures, rather than optimal only for the most likely” (Chris,
2015). Certainly, options should not be foreclosed, and a strategic framework
is arguably needed which identifies an acceptable role for carbon capture in its
various forms, with full attention being given the likely impacts (Williamson,
2016), but attention also being given to the strategic carbon reduction issues
and options. It is clear, even to those looking to near 100% renewable sce-
narios, backed by the wide adoption of energy efficiency measures, that fossil
fuel use will continue for some while, particularly in the heating, industrial
and transport sectors. While ideas are emerging for dealing with these sectors
using renewable sources, they will take time to develop fully, so some fossil
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fuels may have to continue to take the strain for a while. In which case they
need to be cleaned up.

In a context of diminishing reliance on fossil fuel, that should not be a
problem in principle, even for the most devoted renewable energy enthusiasts,
but the key issue will be the timeframe—how fast can renewables be expanded,
how much can energy efficiency help slow and ideally reduce demand? What
do we need to do to get emission down rapidly, so as keep temperature rises
below danger levels? And, not incidentally, what role might nuclear power
play in all this?

There are a range of scenarios addressing issues like this. For example, the
IRENA scenario mentioned earlier (part of a joint report with the IEA), has
renewables supplying 82% of global electricity by 2050, and 65% of global
primary energy by then, with CCS only in limited industrial use (IRENA,
2017). More radically, there is no fossil, nuclear or CCS use in the scenario by
Jacobson et al. at Stanford University, which looks to wind, water and solar
power supplying 100% of a// energy by 2050 globally (Jacobson et al., 2017).
That may sound ambitious, but with several countries already obtaining over
50% of their electricity from renewables, hydro included, projections like this
no longer look impossible, although their realisation in practice will depend
on a range political and economic factors.

However, it remains to be seen if that will be enough political support to
meet the ambitious carbon reduction goals agreed in 2016 in Paris (Victor
et al., 2017). Certainly, a recent study led by the Potsdam Institute claimed
that conventional mitigation measures would not be sufficient and what it
labelled as Carbon Dioxide Removal technologies (CDR) were vital to meet
the 1.5°C Paris climate target without overshoot (Kriegler et al., 2018). For
the foreseeable future, fossil fuels are thus likely to play a key role, with, in
some countries, that probably being unavoidable for some while. For exam-
ple, 90% of South Africa’s electricity comes from coal plants. It will take time
to change that (Cook and Elliott, 2018). In which case, although change
must be a high priority, we need to decide which interim ameliorative tech-
nologies to adopt in parallel.

As we have seen there are many options, depending on the context. Gas
plant CCS may prove viable in some locations, but there will be diminishing
returns from building major new long-lived coal CCS plants, and CCS is
perhaps anyway more suited to the chemical and industrial sector, which we
will need into the future. CCU, creating value from captured carbon by mak-

ing synfuels from it, also has its attractions, even if burning them will
produce CO,.
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Not all the options for carbon reduction from fossil fuel use involve CCS
or CCU. In all sectors, fossil fuel use can be improved to reduce energy
waste and in the industrial sector there are many opportunities to improve
process efficiency and make better use of byproducts. In the power sector,
Combined Heat and Power (CHP)/cogen, linked to district heating net-
works and heat stores, can be a relatively low carbon option. By using some
of the otherwise wasted heat, CHP gets much better value from the fossil
fuel input than non-CHP plant, with overall energy conversion efficiencies
of up to 80%, and with biomass feedstock net carbon emissions could be
almost zero. Moreover, while it may be hard (and uneconomic) to operate
CCS and CCU systems flexibly, CHP plants, linked to heat stores, can be
used flexibly to balance the variable output from renewables, by varying the
ratio of heat to power output. If there is too much green power on the grid,
the CHP plant can produce mostly heat. If demand for that is low, it can be
stored. If green power availability is low, the proportion of CHP plant
power output can be raised, and if there is still demand for heat it can be
drawn from the heat store. Although CHP does need a nearby heat load to
serve, in the power sector, it can be a flexible and valuable transitional
option for heat as well as power, complimenting renewables, and capable of
reducing emissions/kWh significantly, without the need for CCS. CHP can
also be used in the industrial context, meeting power and heat demand
directly and reducing emissions.

The UK governments new Industrial Strategy (HMG, 2017) seeks to
decarbonise all sectors, including manufacturing, and, although CHP gets
some backing, along with district heating, CCS and CCU have been pro-
moted as options within its Clean Growth Strategy. £20m has been provided
for a ‘Carbon Capture Usage and Storage’ (CCUS) demonstration pro-
gramme. The aim is to “demonstrate international leadership in carbon capture
usage and storage (CCUS), by collaborating with global partners and investing up
to £100m in leading edge CCUS and industrial innovation to drive down costs”
(BEIS, 2017).

The appeal of CCS and CCU in the industrial context is clear. As noted
earlier, one of the arguments for CCS/CCU is that it will be hard to provide
non-fossil energy for some energy intensive industries. However, in addition
to its role in the wider power sector, CHP could play a role here too, and it is
also possible to use renewables to power some of these processes. So, we may
not need much fossil CCS for industrial heat and power. See Box 2.3 for
some examples.
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Box 2.3: Renewables for industrial emission reduction—avoiding CCS

Renewable sources can be used to power product manufacture, but there are
also some options in the primary material sector, e.g. steel and aluminium pro-
duction. Given that these activities can be very energy intensive, there is a major
incentive to cut energy use so as to reduce emissions and also cut costs. Improved
process efficiency is the obvious first step.

However, in some cases, renewables are also now an attractive way to cut
industrial costs and emissions. As the percentage of renewable input to the grid
system grows, grid power can supply the power needed with increasingly low
carbon content. But it is also possible to do this directly, using power generated
on site or nearby. This has already been done with some so-called ‘merchant
power’ projects, for example at Ford’s engine plant in Dagenham in East
London, which has installed a series of large wind turbines. Ideas are now also
emerging for primary industry. For example, the Lochaber Aluminium smelter
near Fort William in Scotland is to get power from a wind farm with up to 54
wind turbines at nearby Glenshero, which may also supply Liberty’s Dalzell steel
mill in Motherwell. That could make some of the steel for the turbines
(Musaddique, 2017).

Steel production is also being revamped by the GFG Alliance, which has a
‘Greensteel strategy’ which aims to cut the amount of raw steel imported to the
UK, by dramatically increasing the amount of scrap steel which is recycled, and
also to use renewables for its processing. It plans to use electric arc furnaces part-
powered by renewable energy to melt scrap steel so that it can be reused, a
process which is more environmentally friendly than primary steel-making in a
blast furnace powered by coal. It is claimed that “Greensteel, made using renew-
able energy, has only one tenth of the carbon footprint of blast furnace produc-
tion" (Tovey, 2017).

There are some other similar plans. For example, a forge in Sheffield aims to
use biogas, supplied from an anaerobic digester fed with food and other waste
from a nearby waste recycling centre (REM, 2017). Further afield, an Australian
steel works is to have 1 GW of renewable power supply, including 680 MW of PV,
with 100 MW of batteries, 100 MW of demand response and 120 MW of pumped
hydro storage (Climate Action, 2017).

Large scale, zero carbon, primary material production and manufacturing
using renewable energy may still be some way off, but, in principle, it seems
credible, with, in some locations, direct use being made of Concentrated Solar
Power plants, which, with overnight on-site heat storage, can deliver power 24/7
(Jacobson et al., 2017).

It has yet to be proven, but, as the grid-linked renewable energy system devel-
ops, with storage and other backup, the industrial use of renewables may make
more sense environmentally and economically than fossil or biomass CCS,
although it remains unclear whether CCU might still have an advantage, depend-
ing on the industry. In some cases (e.g. chemicals and fertilisers), CO, production
may be unavoidable. In the main however, renewables can provide carbon free
energy for most of industry. Some see a role for new types of nuclear plant in the
industrial context, possibly run in CHP mode, supplying heat, power and perhaps
also generating hydrogen, although, quite apart from nuclear safety and security
issues, the economics of nuclear power remain uncertain (Elliott, 2017). If hydro-
gen is to be produced, and/or heat supplied, renewables may offer a better route.

4
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There are other views on the role of fossil fuel and its CO, implications,
some of them quite radical. For example, Oxford Prof. Peter Edwards and

Cambridge Prof. Sir John Meurig Thomas have argued that:

Jossil fuels should not be burnt (with the attendant CO, emissions) [but should be]
catalytically decomposed to generate high-purity hydrogen as a renewable-energy car-
rier. The other product of this non-combustion route is solid carbon—not the
climate-damaging gaseous COr—a useful starting material for other products. The
bottom line is that fossil fuels have great potential in producing “green hydrogen”
without CO, emissions. CO, mitigation technologies can therefore be applied to the
continued use of fossil fuels. (Edwards and Thomas, 2017)

That is certainly an interesting perspective, a new role for carbon, avoiding
the need for CO, capture, and opening up the possibility of a whole new pat-
terns of fuel production and industrial interaction, though still based on fossil
resource use. As we have seen, fossil gas is already used to make hydrogen
economically, and CCU could widen that, but it is not clear what the eco-
nomics of this more comprehensive non-combustion approach would be.
Some energy would be needed to drive the conversion process. As in the case
of Air Capture, renewables might play a support role in providing that. To
that extent, it might be seen as offering some synergistic support for renew-
ables, although, arguably, it would be better to use renewables directly.
Moreover, if synfuels like hydrogen are seen as valuable, then the Power-to-
Gas renewables approach may deliver them with fewer problems. For exam-
ple, although combustion-related emissions are avoided in the proposed fossil
resource conversion process, it will presumably generate waste products, some
of which may be hazardous. In addition, the environmental problems of fossil
resource extraction and transport would remain. Moreover, and crucially, the
fossil resource is limited: so, unlike renewables, it is not a long-term option.

For the moment we are faced with the urgent need to deal with the emis-
sions that are being produced from combustion, while seeking to reduce or
avoid them longer term. The non-combustion carbon-use model outlined
above offers no direct help with the first of these requirement (it does not
capture CO,), although, if it proved to be technically and economically via-
ble, it could offer a medium-term carbon emission-free synfuel option.
However, given the extraction and waste issues and the energy costs, it might
be seen as an unwelcome and risky rival to full commitment to renewables,
with limited collateral or synergistic benefits, and also no long-term future.

Although, as we have seen, some of the other options also have limits, some
of them are more developed. Even so, they may be also face limits. As noted
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earlier, EASAC drew together some estimates of the maximum possible poten-
tial, based on its literature review, on the Negative Emission Technologies. It
suggested that a 10 GT (Gigatons) p.a. total estimate for negative carbon
technologies (which excludes fossil CCS) might still be high, and was anyway
well short of 12 GT p.a. envisaged as needed by the IPCC, although EASAC
did note an estimate of up to 4 or more GT p.a. for fossil CCS (EASAC,
2018). Table 2.1 draws the main EASAC maximum estimates together. Some
of the main issues, as identified above, are also noted.

There is broadly comparable data for some of the above in a recent PNAS
study and in a linked review by Climate Brief, although wider ranges are
offered, the latter argued that the natural carbon sink options could possibly
store as much carbon as BECCS (Hausfather, 2018).

EASAC did not look at possible wutilisation options, just at Negative
Emission Technologies, although it did include fossil CCS, which, as shown
in Table 2.1, had the highest score. Looking more widely, Table 2.2 presents a
summary of all the options looked at above, including CCU, indicating, in
rough terms, their potential for carbon reduction.

As can be seen, while trees and other bio-sequestration measures may do
well, in line with Table 2.1, it is suggested that net carbon emissions from fos-
sil fuel energy production with CCS might be attractive in tonnage terms.
CCU may not be fully carbon neutral, but it is low carbon (depending on the
efficiency of the overall CCS process), but net emissions are raised with CCU,
assuming synfuels are produced and burnt, although the net CO, produced
would be offset if green hydrogen is used to make them. Similarly, with syn-
tuels from BECCU. Although the biomass feed stock for this is near net car-
bon neutral, using fossil hydrogen to make synfuel for combustion would
mean the overall process would not even be carbon neutral. But it could be if

Table 2.1 Maximum estimates for carbon saving

Gigatons of carbon
captured per annum  Key issues

Fossil carbon and capture 4+ Not carbon negative
Air capture and storage 3.3+ Low CO, concentrations in air
so more energy needed
Bio-sequestration—Forest 3.3 Low photosynthesis efficiency
planting so need space and time
Biomass with CCS 3.3 Low photosynthesis efficiency
so need space and time
Improved land/soil 2.5 Slow organic processes
management
Ocean fertilisation 1 Potential eco-impacts

Source: Adapted from EASAC (2018)
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green hydrogen was used. By contrast, BECCS is carbon negative, taking CO,
out of the carbon cycle. That is also true in the case of Air Capture with stor-
age, although no energy is produced, while some energy is required, whereas
with Air capture and synfuel production, some net energy is produced,
although hydrogen is needed and the overall A2F process is then not carbon
negative, since the synfuels are burnt. The use of green hydrogen, and also
renewables for the operating energy, would however improve the A2F situa-
tion- it might then be near carbon neutral.

In the case of renewable Power to Gas (P2G) hydrogen production (not
covered by EASAC), direct carbon production is zero, and it is not raised if
synfuels are produced (using CO,) and then burnt, since this carbon has been
captured. The fossil gas to hydrogen (H21) route looked at above would have
higher conversion losses than simple fossil CCS, but the carbon saved might
still be similar. Certainly, burning the hydrogen produced would not generate
CO,. That is also the case with the non-combustion route, and that process
itself has no carbon emissions, although it needs energy.

For the sake of completeness, Table 2.2 also includes energy efficiency,
which can cut energy use dramatically and so avoid carbon emissions. CHP is

Table 2.2 Summary of carbon reduction measure impacts and requirements

Net carbon

Technology emissions Requirements

Trees and bio-capture Negative/Cyclic Land area/land management, time!

Fossil CCS Low Large-scale indefinite CO, storage

Fossil CCU to synfuel High/Medium?  Hydrogen to make synfuel

BECCS Negative Large biomass area and storage
volumes

BECCU to synfuels Low/Zero? Hydrogen to make synfuel

Air capture + storage Low/Negative®  Energy for the process and large
storage

Air capture to synfuel (A2F)  Low/Zero? Energy and Hydrogen to make
synfuel

Fossil gas to H2 with CCS Low Large-scale indefinite CO, storage,
energy

Renewable P2G—H2 Zero Renewable energy input

Renewable P2G—CH4 Zero Renewable energy input, plus CO,

Non-combustion route to H2  Zero/Low Energy to drive the process

Fossil CHP (but low C heat) High/Medium Nearby heat demand

Biomass CHP (+ low C heat)  Low/Zero Nearby heat demand

Renewables (wind/solar) Zero Some land use implications

Nuclear Low Fuel production, waste storage,
security

Efficient use of energy Negative Willingness to invest to save!

2If green hydrogen/renewables for power is used
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also included. That can have low carbon emissions, depending on the fuel
used. Direct use of renewables like wind or solar would of course have zero
direct carbon emissions. Finally, there is the nuclear option. It too has zero
direct CO, emissions, but unlike renewables such as wind and solar, it requires
energy to make its fuel and the carbon debt associated with that is likely to
increase as the uranium resource is depleted and lower grade ores have to be
used. It also has many other problematic issues and uncertain prospects
(Elliott, 2017).

Note that all these emission estimates are in absolute terms, indicating very
roughly how much CO, output might result from each option, including
from any subsequent synfuel use and from the energy used for the capture
process. ‘High’ is this context means the same as, or similar to, conventional
unabated fossil generation. Strictly, Air Capture with storage falls outside of
this ranking (it does not produce any energy), but its carbon impacts can still
be usefully compared. A more substantial assessment would cover the relative
costs (hard to do at this early stage) and also include the carbon implications
of the energy embedded in the technologies, and of any grid balancing
required or provided. The latter is important since, in the short term, fossil
fueled plants will play a role in balancing variable renewables, but longer term
there are better ways to balance renewables, without having to extract, trans-
port and burn fossil fuels, and then store CO, forever (Elliott, 2016).

6 Conclusion

It can be argued that the best way to store carbon is to leave it in the ground,
and to look elsewhere for energy. Certainly, the various carbon capture ideas
discussed above, trees and soil capture apart, do seem a little inelegant in engi-
neering terms. Fossil CCS is a classic ‘end of pipe’ technical fix, capturing a
waste gas and pumping it underground in the hope that will stay there, all so
that we can continue to use fossil fuels for a while longer, while avoiding some
of their emission impacts. Fossil CCU may be more commercially attractive,
in that it offers new syn-fuel options, and avoids the problems of storage,
although it is in its infancy, and it is not a negative carbon option or even
carbon neutral, since the fossil synfuel is burnt. Direct Air Capture is also in
its infancy, and it too is an energy hungry process, but, with carbon storage
and using renewables for power, it could still be negative carbon, or, without
storage, a source of synfuel, though their combustion would generate CO,.
BECCS and BECCU would avoid direct fossil fuel use, and BECCS could

deliver negative carbon, although at the cost of extensive land use for biomass



46 D. Elliott

production and the need for CO, storage space. Finally, the non-combustion
approach to fossil resource use avoids CO, production, but relies on a limited
fossil resource, with their still being potential environmental impacts from
their extraction, transport and use.

By contrast, in general, renewables, and in some contexts CHP, along with
energy efficiency, arguably look much better bets, both now and in the long-
term, in energy, environmental and cost terms. The renewable resource is very
large and will last indefinitely, the impacts from using it are generally low and
costs are falling rapidly. Energy efficiency improvements are also usually very
cost effective and are vital to cut emissions. They also complement renew-
ables: lowering energy demand makes it easier to meet it with renewables.

In this context, and given the problems discussed above, the potential for
carbon capture of whatever sort looks a little limited at present. Even adopt-
ing what some might see as an optimistic assessment of CCS, the UK govern-
ment recently projected that there might only be 1 GW of fossil CCS in place
in the UK by 2035, as opposed to 45 GW of renewables (BEIS, 2018).
Deployment of CCS elsewhere might be more extensive, and perhaps should
be, for example given the continued use of coal in some Asian countries.
However, China is now trying to cut back rapidly on coal use (CER, 2018)
and, interestingly, a critical report on CCS for the Global Warming Policy
Foundation, which is not usually a fan of renewables, claimed that “for China,
investment in the transmission grid to permit wind generation in the west to be
managed jointly with hydro plants in the rest of the country is a far cheaper way
of reducing CO, emissions in the next 10—15 years than retrofitting existing coal
plants with CCS or building new coal plants with CCS” (Hughes, 2017: x).

However, new CCU/low carbon technologies are emerging which might
offer new, less costly, opportunities in some locations (Gorder, 2018;
Sulleyman, 2018) and certainly enthusiasm for carbon capture still remains.
For example, the Global CCS Institute says that “CCS is needed because the
amount of fossil fuels we burn continues to rise” and looks to massive expansion
of fossil CCS. Nevertheless, it insists that “CCS is not a front’ for the coal or
wider fossil fuel industry”, suggesting that CCS can be run in parallel with
renewables, and indeed that it will help to balance variable renewables,
although it also quotes some very low estimates for potential renewable con-
tributions (GCCSI, 2017: 12).

While energy futures can be debated, as we have seen, in strategic terms, it
may be wise to be cautious about the potentials quoted by enthusiasts for the
various carbon reduction options. As the EASAC President warned in rela-

tion to NETs:
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whether consciously or subconsciously, thinking that technology will come to the res-
cue if we fail to sufficiently mitigate may be an attractive vision. If such technologies
are seen as a potential fail-safe or backup measure, they could influence priorities on
shorter-term mitigation strategies, since the promise of future cost-effective removal
technologies is politically more appealing than engaging in rapid and deep mitiga-
tion policies now. Placing an unrealistic expectation on such technologies could thus
have irreversibly damaging consequences on future generations in the event of them
Jailing to deliver. This would be a moral hazard which would be the antithesis of
sustainable development. (EASAC, 2018: iv)

Nevertheless, the EASAC did accept that some of the technologies “can make
some contributions to remove CO, from the atmosphere even now, while research,
development and demonstration may allow others to make a limited future contri-
bution” (EASAC, 2018: iv).

Given this more limited role for NETs and carbon capture, some of the
potential conflicts with renewables might be avoided. However, that clearly
depends on the strategic context. If fundamental conflicts over energy strategy
persist, fuelled by climate denial and/or doubts about renewables, then it will
be hard to pursue a rational interim mix of renewables and abated fossil plants,
or other carbon reduction options. Support for all the latter may be resisted
by green zealots as ‘backsliding’, and opportunities for synergies, productive
co-operation and complementarity may be lost. That has been the case at
times with gas plants used for balancing variable renewables. Although there
are other grid balancing options (Elliott, 2016), some fossil gas plants will be
needed for some while, even though, longer term, they may be able to use
biogas or P2G syngas. Similarly, for CHP, it can offer significant benefits
including grid balancing, even if, initially, it uses fossil fuel.

In the interim, in the context of a limited short to medium term role for
carbon capture and exit from carbon, strategic issues will emerge. For exam-
ple, would the limited role for carbon capture provide a sufficient base to
develop CCS for BECCS? Moreover, should BECCS be developed, given its
land use and other limitations? In the context of a decreasing role for fossil
fuel, BECCS would no longer be in danger of providing a ‘fig leaf” for con-
tinued fossil fuel use, so the debate might be less fraught. However, its out-
come is still unclear. The same might be said for Direct Air Capture: it would
no longer be seen as compensating for continued long-term fossil fuel use. So,
some might see Air Capture as playing a limited role in the short to medium
term. However, whether it would be seen as viable on a significant scale as a
longer-term post-carbon clean-up option is unclear. That issue, and the
interim role of carbon capture and utilisation, would be open for debate,
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which would be eased if there was no risk of supporting the continued use of
fossil fuels. But by contrast, the non-combustion approach to fossil resource
use would seem to retain the potential for at least some continued conflict:
although it would not produce CO,, essentially it would underpin the argu-
ably unsustainable use of relatively scarce resources, while possibly inhibiting
the full and rapid development of renewables.

There are some interesting parallels in all this with the situation in relation
to the long-term disposal of nuclear waste. All agree that what we have pro-
duced so far has to go somewhere, but many environmentalists are unwilling
to support proposals for repositories while more waste is planned to be pro-
duced in new nuclear plants. Nuclear waste and CO, are very different, but
the strategic conflict is the same: the solutions are hard to discuss while more
is being produced, with no end in sight. However, as far as fossil fuels are
concerned, the end is in sight, and some say that is also the case for nuclear.
But until these endpoints are ascertained and confirmed, we can accept nego-
tiations over what to do next will be difficult.

Hopefully that situation can be resolved. In the case of CO,, that will be
important, since some fossil fuel use will continue for a while. For some
‘greens’, perhaps understandably, having anything to do with fossil fuel will
remain an anathema, but if we are to move successfully to a sustainable future,
some way to deal with residual, interim CO, production from them will have
to be found. That is also the case for some non-energy industrial CO, produc-
tion, which may be hard to avoid. Moreover, although they may be over-
stated, there may be at least some potential strategic synergies between carbon
capture and renewables. As we have seen CCS might open up some non-fossil
options, like BECCS or green hydrogen use. Meanwhile, renewables may be
needed to provide zero carbon energy to run CCS/CCU systems, while
renewables may need CCS to enable fossil fuelled plants to pay an interim
role in balancing variable renewables. So ‘greens’ may have to learn to ‘deal
with the devil with a long spoor’, at least for a while. In a context where
renewables are dominant and expanding, and a diminishing reliance on fossil
fuel has been agreed, that may be less threatening to them.
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The Long Goodbye to the Nuclear
Monument

Paul Dorfman

1 Introduction

With mounting public concern and policy recognition over the speed and
pace of the low carbon energy transition needed to mitigate global climate
change, nuclear power has been reframed as a partial response to the threat of
global heating. Proponents suggest that nuclear provides a supply of lower
carbon energy and, despite significant accidents, is acceptably safe in opera-
tion (IAEA, 1999, 2018a). However, since not all low carbon options may
prove equally benign or effective in managing the decline of the fossil fuel
economy, this chapter explores the relative merits of the nuclear claim.

The global energy landscape is one of differences between state and market,
choices and trade-offs over supply-side, demand-side, transmission and load-
balancing infrastructure (Schiellerup and Atanasiu, 2011). Although nation
states may diverge in terms of cultural and industrial landscapes, public opin-
ion, technological structures, institutions, regulatory practices and energy
mixes, there remains the real possibility of evolving open and flexible frame-
works in which to develop collective action on energy. This is critically impor-
tant because recent reviews of the impact of climate change suggest that, over
the next few decades, we will be subject to significant change in human health,
welfare and environmental systems (IPCC, 2018). Key to adapting to this
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change is the transition to a low carbon and resource efficient energy econ-
omy, involving major structural changes to the way we work and live—
including how we source, manage, use and conserve our energy. We need to
secure clean, safe, affordable, sustainable, low carbon energy to power indus-
try, transport, homes and businesses (Ekins et al., 2017).

The challenge of achieving this transition may involve a series of differing
technically and economically viable options, including the expansion of
renewable energies in all sectors, rapid growth and modernisation of electric-
ity grids, improvements in energy efficiency, the use of modern technologies
to minimise electricity consumption, rapidly enhanced storage technologies,
market innovations from supply to service provision, intelligent deployment
of limited gas resources, the fundamental restructuring of the built and trans-
port environments (Stirling, 2014) and, some argue, continued reliance on
nuclear power (World Nuclear Association, 2018).

Yet, at the heart of the nuclear issue are differing views on how to apply
foresight, precaution and responsibility in the context of the relative econom-
ics of nuclear, the uncertain role of nuclear in combating climate change, the
possibility of accidents, the consequences of those accidents, and whether
there exists a place for nuclear within the swiftly expanding renewable energy
evolution.

Axiomatically, the nuclear debate is complex, runs parallel to, and is often
preconditioned by, differing takes on the economic internalisation of negative
environmental externalities, differing interpretations on optimal energy
choices to combat a warming (or heating) world, and differing attitudes to the
value of precaution when considering high-impact low-probability risk
(Dorfman, 2004). Current literature demonstrates that in all connected
research fields, there is a history of debate and controversy that coheres to
these issues and has not reached closure. In response to this knowledge deficit,
and in order to understand better the nature of the controversy, a trans-
disciplinary approach has been adopted here. The rationale for this approach
is that the nuclear issue is an amalgam, incorporating sets of cross-cutting and
interwoven phenomena, each impacting on the other. The intention is to
make more visible the connections and patterns that this interplay uncon-
sciously renders opaque. In this context, the chapter will discuss an interlock-
ing set of issues: Nuclear construction trends; Nuclear costs; Small modular
reactors; Nuclear and climate change; Nuclear liability; Nuclear probabilistic
risk assessment; Radiation risk; and the relative value of nuclear in the low-
carbon energy transition.
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2 Nuclear Construction Trends

For nuclear to be considered a feasible option in managing the decline of the
fossil fuel economy, then new reactor build should be able to be completed
economically, efficiently and on-time—however, practical experience suggests
otherwise.

Currently, a total of 413 nuclear reactors operate in 31 nation states. The
market is dominated by five key nuclear states: the US, France, China, Russia,
and South Korea—together generating 70% of the global total, with the US
and France providing nearly half of all output. Globally, nuclear generates
2,500 terawatt hours (T'Wh), comprising 10.3% of total electricity genera-
tion, declining from an historic peak of 17.5% in 1996. New nuclear build is
ongoing in 15 countries, with 48.5 gigawatt (GW) total capacity under con-
struction. China dominates the new-build market, with 13 reactors under
construction, with a capacity of 14 GW. Four newcomer countries are build-
ing reactors—Bangladesh, Belarus, Turkey and United Arab Emirates (UAE).
However, 37 of the 53 new-build reactors are behind schedule, with 3 under
construction for more than 30 years (Schneider et al., 2018).

In Europe, after a series of construction errors, significant cost-over-runs
and associated delays; France and Finland are completing Electicité de France
(EDF) Generation III European Pressurized Reactor (EPR) technologies at
Flamanville 3 and Olkiluoto 3. Three further reactors are planned in Finland,
two of which rely on investment and project management from Rosatom, the
Russian state nuclear corporation, which is currently constructing 5 reactors
on Russian soil. Bulgaria, Romania and Poland have announced plans for
single reactor new-builds, and the Czech Republic has proposals to construct
2 reactors. The former Swedish nuclear phase-out policy has been reversed
allowing for the replacement of existing reactors—but none proposed to date.

The UK, excluding Scotland, has in principle approved plans for a new
generation of up to 8 reactors, subject to safety regulatory generic design
assessment and finance approvals. However those plans have been subject to
significant recalibration. Following the bankruptcy of Toshiba’s US nuclear
arm, Westinghouse, the Japanese conglomerate has withdrawn from new
nuclear-build in the UK, citing expanding costs. Fellow Japanese corporation,
Hitachi, has also recently scrapped its Wylfa plant in Anglesey, Wales, with a
proposed second Hitachi plant in Oldbury, England, looking likely to be
abandoned as well (Vaughan, 2019).

Further doubts have been cast over UK’s new nuclear programme following
the UK Parliamentary National Audit Offices’ review of the economic case for
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the EDF EPR Hinkley Point C (HPC) project, which concluded that HPC
was both risky and expensive for the UK taxpayer and energy consumer
(NAO, 2017). The UK Parliamentary National Infrastructure Commission
(NIC) also reported that Britain should not back more than one new nuclear
plant after HPC before 2025, noting that new renewable energy represented
least-cost for consumers (NIC, 2018).2

Given that Germany uses circa 20% of all EU electricity, the Bundestag’s
post-Fukushima 2011 decision to close 7 of its 18 reactors, followed by the
German Parliament vote to completely phase out nuclear power by 2022 and
to invest in renewables, energy efficiency, grid network infrastructure, and
plan for trans-boundary pumped-storage hydroelectricity, may prove signifi-
cant for European energy policy as a whole. Germany has framed its nuclear-
free energy policy in the context of national pride and scientific-technological
achievement, twinned with economic expansion, and their Energiewende’ is
supported by all major German utilities and has cross-party political support.*
In 2018, renewables overtook coal as Germany’s main source of electricity,
accounting for more than 40% of production. This takes place in the context
of Europe’s strongest economy aiming for 65% renewable electricity by 2030,
whilst planning a progressive exit from coal (Reuters Environment, 2019).
Here it’s important to understand that decisions on nuclear cannot be sepa-
rated from prior energy policy choices, and Germany has demonstrated a very
strong, historic commitment to renewables, with innovative energy practice
including the first implementation of a fixed price feed-in-tariff and huge
uptake of solar photovoltaic (PV) technology.®

In Italy, voters passed a referendum to cancel plans for new reactors, with
over 94% of the electorate voting in favour of the construction ban. Belgium
has confirmed a nuclear phase-out, shuttering its 7 nuclear reactors by 2025.

'Perhaps tellingly, Sir John Armitt, Chair of NIC, stated: “Where, in the past, I've been a strong supporter
of nuclear—I think that we are in a different world today. We don’t have to be as dependent on a nuclear solu-
tion as maybe we thought we needed to be 10 years ago” (Carbon Brief, 2018).

2NIC (2018) also noted that it was now possible to conceive of a low-cost electricity system that is prin-
cipally powered by renewable energy sources.

3The Energiewende describes the non-nuclear German energy transition (Morris and Pehnt, 2018).
4One reason for this generalised policy support is that, per megawatt-hour generated, German renew-
ables create more jobs than the fossil and nuclear sectors—Germany already has twice as many people
employed in the renewables sector than in all other energy sectors combined.

°German energy policy has also devolved to the local level, with communities securing political agree-
ments under which the Bundeslinder (Federal States) are enabled to set goals and locations for renewable
generation, thereby ensuring that local energy resources and financial subsidies (paid for by customers
through feed-in tariffs, or taxpayers through cheap loans provided by the government development bank,
Kf\W) benefit not only the energy companies but also the local people, with profits and employment kept
in the region.
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In Holland, the lone Dutch reactor at Borssele will remain open until 2033
only if it can prove compliance with safety standards. It is also worth noting
that a 2011 pan-EU meeting in Vienna, including ministers and heads of
delegations from Austria, Greece, Ireland, Latvia, Liechtenstein, Luxembourg,
Malta and Portugal and observed by ministers from Cyprus, Denmark and
Estonia, concluded that nuclear power was incompatible with the concept of
sustainable development, stating that nuclear did not provide a viable option
in combating climate change (Vienna Declaration, 2011). More recently,
Spain announced the closure of its last nuclear reactors by 2030.

So, Europe seems oddly conflicted about new nuclear. Whilst some new-
build is planned, the general post-Fukushima situation implies a diminishing
role for new nuclear capacity in the coming decade. Combined with the age-
ing of nuclear power plants (NPPs)¢ and the finalisation of nuclear phase-out
in Germany and other European countries, this trend may well lead to a rela-
tive decreasing share of electricity production sourced from EU nuclear
energy, with the emphasis likely to shift towards maximising output of exist-
ing reactors through plant life extension (PLEX), up-grade and retrofit.

Likewise, global market trends for new nuclear are not entirely encourag-
ing. Pre- Fukushima, the International Atomic Energy Association (IAEA,
2011) predicted that nuclear plants would add 360 GW of global generating
capacity by 2035—the equivalent of over 200 new reactors. Extending a trend
from earlier years, most projects were planned for Asia (including a significant
dispersion of proposed reactors around the Pacific seismic region), and Eastern
Europe (Leveque, 2011). After Fukushima, the IAEA halved this forecast,
mainly due to security improvements, insurance premiums for nuclear
accident-related damages, and resultant cost increases (IAEA, 2012). More
recently, new-build plans have been cancelled in Turkey, Jordan, Malaysia,
South Africa and the US, or postponed in Argentina, Indonesia, and
Kazakhstan.” As the International Energy Agencys (IEA) annual World

®Western European Nuclear Regulators Association (WENRA) ‘Stress Tests’ comprised a targeted reas-
sessment of the safety margins of NPPs in the light of Fukushima, including extreme natural events which
challenge plant-safety functions, leading to severe accident (WENRA Task Force, 2011). However, since
the European Nuclear Safety Regulators Group (ENSREG, 2011) decided that security issues were out-
side WENRAs remit, post-Fukushima stress tests of EUs 143 nuclear power reactors did not include
accidents and incidents from an aeroplane strike or terrorist attack. The exclusion of these security issues
seems unfortunate given that, for example, all UK civil nuclear infrastructures are uniquely implicated in
all four high priority tier-one threats identified in the UK National Security Strategy (HM Government,
2010).

7 Japan’s Itochu pulled out of the Turkish Sinop project; two AP1000 units at V.C. Summers in the U.S.,
abandoned in 2017 after spending some US$5 billion on the project; and although South Africa signed
an inter-governmental agreement with Russia to invest in 9,600 MW of nuclear reactors, supplied by
Rosatom, this agreement was struck down by the South African High Court in 2018.
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Energy Investment Report (IEA, 2018) suggests, nuclear investment is falling
fast, dropping by 45% in 2017. Whilst global reported investment for the
construction of the four commercial nuclear reactor project starts in 2017 is
circa US$16, this compares unfavourably to US$280 billion in renewable
energy investment, including over US$100 billion in wind power and US$160
billion in solar PV, with China investing US$126 billion (Schneider et al.,
2018). Thus, global investment decisions on new commercial NPPs remain a
factor of 8 below that of investments in renewables in China alone.

In this sense, the fate of new nuclear seems inextricably entwined with, and
determined by, that of renewable energy technology roll-out. As the IEA
reported, in 2017, 157 GW of renewables were added to the world’s power
grids, up from 143 GW added the previous year. The increase accounted for
more than 61% of net additions to global power generating capacity. Of this,
wind added 52 GW and solar PV 97 GW, compared to a 3.3 GW increase for
nuclear power. This means that, in terms of 2017 global output growth, solar
increased by 35%, wind by 17%, and nuclear by only 1% (IEA, 2018).® This
trend continued in 2018, with global renewable generation capacity seeing
the largest annual increase ever, and new solar outstripping additions in coal,
natural gasand nuclear (REN21,2018). The European Bank for Reconstruction
and Development (EBRD) also stated that renewables were now cost-com-
petitive with fossil fuels, even taking into account effective fossil fuel subsidies
(Pyrkalo, 2018). Whilst ramping improvement in renewable technology is
one explanation for this dynamic, the main driver seems to be the plummet-
ing costs of renewable energy and the increasing costs of nuclear
construction.’

3 Nuclear Costs

With nuclear construction, decommissioning, and waste management costs
inexorably rising, is the pursuit of the nuclear project a viable and economi-
cally competitive option to other non-fossil fuel energy sources?

8The International Energy Agency (Renewable Energy World, 2018) concluded that a trillion watts of
renewable power (1.3 terawatts) will be installed worldwide over the next five years—more than the entire
current generation capacity of the EU—and by 2023, renewables will account for a third of total electric-
ity generation worldwide.

? As Nobuaki Tanaka, former head of IEA and a long-standing nuclear advocate, noted: “Nuclear power

can’t compete with solar power”, is “ridiculously expensive” and “utterly uncompetitive” (Asahi Shinbun,
2018).
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Nuclear new builds are high-value and high-risk projects with a marked
tendency for significant delay and delay claims, cost growth and investor risk
(KPMG, 2011). Based on the experiences of 52 US investor-owned utilities
that built NPPs between 1960-2011, the Texas Institute (2011) concluded
that new nuclear plant projects provide significant economic risk, involving a
70% certainty that a power utility would see borrowing costs rise due to the
downgrading of credit rating once construction began, with plant construc-
tion marred by significant cost overruns and electricity tariff increases.

Market analysis (Citi, 2009) has outlined five significant technical and
financial risks, including planning, construction, power price, operation, and
decommissioning. Citibank also noted that equity investment in nuclear pose
core challenges, suggesting that it may be extraordinarily difficult to get non-
recourse debt into new nuclear. And given the opportunity costs of nuclear
combined with the proven tendency to significant cost increases and over-
runs, initial industry cost estimates for new-build have proven less than
robust. For example, in the US, the construction of two AP 1000 Westinghouse
nuclear reactors has been abandoned due to significant construction cost
overruns. Another US project, Plant Vogtle, although still ongoing, has expe-
rienced a cost ramp from US$14bn to the latest estimate of US$25 billion
(Schneider et al., 2018). Further, recent analysis of the history of NPP proj-
ects demonstrate that since 2010 delays have contributed 18% to costs
(Portugal-Pereira et al., 2018) and, as discussed, 37 of the 53 units under
construction are behind schedule, mostly by several years. China is no excep-
tion, with at least half of the 16 units under construction experiencing delays.

In Europe, the EDF EPR new-build in Olkiluoto, Finland have not gone
well. Originally planned to go online early in 2009, the 1.6 GW Areva
designed reactor was conceived as first of a type, with Siemens responsible for
steam turbines and electricity generators. Originally priced at €3 billion, the
project is now estimated at more than three times that level of costs and rising.
The fixed price turn-key contract was subject to a prolonged dispute between
the French manufacturer Areva and the Finnish nuclear corporation TVO,
with the latter claiming costs for delays, finally settling on €450 million in
compensation (WNN, 2018). Similarly, in France, EDF confirmed that the
EPR Flamanville project was running late and increased its costs accordingly.
Originally scheduled to start operating in 2012, it is hoped that the reactor
may be operational by 2019. Originally priced at €3.3 billion, the reactor
completion is currently estimated at €10.9 billion."

19A significant quality-control scandal at the French nuclear construction corporation Areva’s nuclear
forge at Le Creusot further eroded confidence, resulting in share-value erosion and downgrading by
credit-rating agencies. This was swiftly followed by a fiscal rescue and Areva was renamed Orano.
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Nuclear plants, which are among the largest and most complex engineering
projects in the world, also carry high technical and regulatory risks—with the
World Nuclear Association (2017) showing very significant cost overruns for
most projects, implying that utilities may only be able to pay for new plants if
governments guarantee their income. Thus, costs and risks associated with
nuclear construction may mean that plants can only be built with explicit and
substantial state aid public subsidy, including loan guarantees, and long-term
power purchase agreements (Professional Engineering, 2011). This is essen-

tially what has happened in the UK.

4 Small Modular Reactors

In response to the construction and cost difhiculties associated with large
Generation III high burn-up reactors'" (such as the French EDF EPR, the US
Westinghouse AP 1000, and the Chinese CGN CNNC HPR-1), a step-
change in emphasis associated with research and development of small modu-
lar reactors (SMRs) has been suggested (World Nuclear Association, 2015;
BEIS, 2018). SMRs are nuclear reactors, generally 300 MWe equivalent or
less, designed with modular technology.'? Proponents suggest that SMRs can
drive construction costs to more competitive levels through bulk modular
assembly line reactor manufacture (Molyneux, 2017; IAEA, 2018Db).
However, there are concerns with this theory. All recent nuclear design has
been based around the concept of economies of scale.” This is because, for
example, it is far more economic to build one 1.2 GW unit than a dozen
100 MW units. The economy of scale imperative applies equally to offshore
wind power generation, where costs have significantly decreased due to larger
unit construction. This key parameter implies that SMRs will be more

""Following the liberalisation of the EU energy market, it was realised that a decrease in nuclear costs
could be achieved if reactor power could be optimised by using more uranium as reactor fuel and keeping
the fuel rods in longer. Generation III reactor high burn-up spent fuel will be significantly more radioac-
tive than conventional spent fuel, with consequent implications for nuclear waste management. Safety
could depend on the effective and continuous removal of the significant thermal power of high burn-up
spent fuel, potentially requiring additional pumps, back-up electricity supplies and back-up water sup-
plies: all systems potentially vulnerable to mechanical failure or deliberate disruption. It is also likely that
densely packed high burn-up spent fuel may require additional neutron absorbers, and greater radiation
shielding during encapsulation and storage.

In comparison, the large-scale EDF EPR reactor planned for Hinkley Point in the UK comprises
1,650 MW.
BIncluding the cost of trying to secure the containment under beyond design-based cascading fault
conditions.
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expensive than large reactors per KW/hr (kilowatt hour) (Sovacool and
Ramana, 2014).

The creation of SMR assembly lines is also likely to prove costly, and the
relative economics of SMR production may remain unproven until very many
SMR units have been produced—which, paradoxically, cannot happen until
a significant number of orders are placed, a circular dilemma. Similarly, the
‘modular’ SMR concept seems problematic, since in order to build modular
capacity, a very full order book is needed—and in order to do so, de facro
demonstration of SMR construction and operational capacity to time and
cost must be proven. In this sense, SMR investment risk seems very great,
perhaps even bigger than that of proposed large reactors (Cooper, 2014), since
very significant up-front investment would be needed to establish an entire
supply chain to sell scores of reactors needed to replace the lost economies of
scale with the proposed economies of replication (Ramana, 2017).
Correspondingly, this dynamic has resulted in demands for significant gov-
ernment assistance for SMR development. Thus, to date, the relatively poor
economics of SMR deployment has been the key determinant, with the main
US nuclear corporations, Westinghouse and Babcock & Wilcox, already pull-
ing out of SMR development because of ramping cost problems.

Further, potential cost benefits of assembly line module construction rela-
tive to custom-build on-site construction may prove overstated. One reason is
that production line mistakes may lead to generic defects that propagate
throughout an entire fleet of reactors and are costly to fix, and experience with
production-line construction of parts for the nuclear industry has proven
troubling'* (Ramana and Ahmad, 2016).

Further, SMRs produce exactly the same nuclear waste as conventional
reactors per KWh, and any SMR roll-out among present non-nuclear states
provides break-out proliferation potential (Glaser et al., 2013). Finally,
since multiple, diverse and highly reliable active safety systems are needed to
secure any form of nuclear plant, it is unfortunate to reflect that complex
back-up design philosophy is incompatible with the small, compact,
stripped-down design of the SMRs currently under consideration. One of
the reasons is that SMR containment design implies a coupling of core and
the containment, with potentially severe negative safety consequences
(Ramana, 2018).

"For example, as discussed, regards the nuclear parts safety anomalies at former Areva’s Le Creusot steel
forge.
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5 Nuclear and Climate Change

As discussed, a key plank of the new nuclear proponent argument rests with
the claim that the technology is needed in order to manage the retreat from
the fossil fuel economy. However, since not all low carbon technologies are
equally efficient at reducing greenhouse gas emissions, this may not prove to
be the case. Indeed, some are more carbon intensive and far less benign
than others.

Since nuclear lifecycle emissions occur through plant construction, opera-
tion, uranium mining and milling, plant decommissioning and waste man-
agement, a meta-analysis screening 103 lifecycle studies of greenhouse
gas-equivalent emissions for NPPs suggests that the reported range of emis-
sions for nuclear energy over the lifetime of a plant has a mean value of 66 g
CO, e/kWh, significantly higher than for most renewable energy technology
carbon footprints (Sovacool, 2008), although see Wood (2018) for a discus-
sion of the problems of renewable and low carbon energy definitions and
carbon footprints. Earlier work by the Oko-Institute prefigures and supports
the thrust of this analysis (Fritsche and Lim, 20006).

Perhaps more importantly, with ramping predictions for sea-level rise,
and associated climatic disturbance, nuclear may prove an important risk,
since climate change will impact coastal nuclear plants earlier and harder
than industry, government or regulatory bodies have expected (Nerem et al.,
2018; Vidal, 2018). According to the UK Institute of Mechanical Engineers
(IME), coastal located nuclear reactors, together with radioactive waste
stores including spent fuel, will be vulnerable to sea-level rise, flooding,
storm surge and tsunami. Perhaps alarmingly, IME point out that these
coastal nuclear sites may need considerable investment to protect them
against rising sea levels, or even abandonment or relocation in the long term
(IME, 2009). In this sense, adapting coastal nuclear power to climate change
may entail significantly increased expense for construction, operation, waste
storage and decommissioning (Kopytko and Perkins, 2011). And inland
NPPs may fare no better. This is because, since all reactors must be cooled
by significant amounts of water, they must shut down if that cooling water
is either too warm or river flow is reduced. In France, since the majority of
reactors are stationed by rivers and rely on river water for cooling, dimin-
ished river flow and increased water temperatures in summer time have
already meant significant NPP shut-down, especially in the southern Rhone
valley area (Reuters Business, 2018).
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6 Nuclear Liability

Choices need to be made as to which low carbon technologies are best
equipped to replace fossil fuels. In doing so, it is critically important to iden-
tify and differentiate between available options—since some carry much
greater risks than others.

The risk to people, the environment, and to the future of nuclear energy as
a consequence of a major incident is significant. A recent cost estimate for the
accident at Chernobyl, based on an extensive review of the literature, places
the liability at US$700 billion (Samet and Seo, 2016). Current cost estimates
for the Fukushima accident is YEN218 billion, a 58% rise from the previous
official estimate of YEN126.4 billion (Japan Times, 2018). Thus, events at
Chernobyl and Fukushima tend to support the conclusion that reactor acci-
dents may prove the single largest financial risk facing the nuclear industry, far
outweighing the combined effect of market, credit, and operational risks.

In Europe, the Paris Convention on Nuclear Third Party Liability and
Brussels Convention (2011) ensures that nuclear operators are liable for the
first EUR 700 million for any one accident, with the national government
having the option of adding a maximum of a further €500 million towards
the company’s liabilities. Collectively, other EU signatory states may contrib-
ute a further €300 million, potentially bringing the total available to €1,500
million for any one accident. Yet actuarial analysis suggests that even this level
of cover may fail to account for liability in case of major accident.
Versicherungsforen Leipzig GmbH (2011), a company that specialises in
actuarial calculations, concluded that accident costs were not adequately
internalised, suggesting that full insurance against nuclear disasters would
increase the price of nuclear electricity to a sum that considerably weakens the
economic case for nuclear power compared to other low-carbon sources. Both
the required liability (€6.09 trillion), based on an estimate of the average
maximum damage and corresponding variance, and the resulting insurance
premium, are significantly higher than the financial resources currently legally
required of 22 operators. Versicherungsforen Leipzig’s study estimated that
future damage and liability insurance costs would exceed the financial
resources that NPP licensees are currently required to maintain by several
orders of magnitude. In this context, nuclear disasters seem uninsurable, due
to a combination of methodological difficulties in estimating the probability
of occurrence of damage, insufficient size of the risk pool, and the extent of
potential maximum damage (ibid.).
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Further, to the extent that liability rules provide incentives for prevention,
the financial limit on the liability of an operator may lead to under-
deterrence—since, as a result of the financial cap on liability, the potential
complementary function of liability rules in providing additional deterrence
may be lost. The financial limit, and the resulting nuclear subsidy, may also
distort competition by unduly favouring nuclear energy compared to other
energy sources (Faure and Fiore, 2009).

The issue of nuclear waste and decommissioning liability has been subject
to intense and prolonged debate. In Europe, differing EU nuclear states have
set aside differing sums for decommissioning. For example, whereas Germany
has set aside €24 billion to decommission 17 nuclear reactors, and the UK
NDA estimates that clean-up of UK’s 17 nuclear sites will cost between
€109-250 billion over the next 120 years—France has set aside only €23 bil-
lion for the eventual decommissioning of its 58 reactors. To put this in con-
text, according to the European Commission, France estimate it will cost
€300 million per GW of generating capacity to decommission a nuclear reac-
tor—far below Germany’s assumption at €1.4 billion per GW and the UK of
€2.7 billion per GW (Dorfman, 2017). Correspondingly, the French National
Assembly’s Commission for Sustainable Development and Regional
Development reported that the decommissioning of French reactors will take
longer, will be more challenging, and cost much more than EDF had antici-
pated (Assemblée National, 2017a, b).

7 Nuclear Probabilistic Risk Assessment

Key to the analysis of nuclear safety is the analytical concept of probabilistic
risk assessment (PRA). Risk in PRA is defined as a feasible detrimental out-
come of an activity or action characterised by two quantities: the magnitude
(severity) of the possible adverse consequences, and the likelihood (probabil-
ity) of occurrence of each consequence. Whilst PRA calculations are not taken
as absolute (but rather as significant indicators of plant weaknesses), they do
underpin the key regulatory concepts of ‘acceptable risks’ and ‘tolerable con-
sequences’ under fault conditions (Dorfman, 2013). In this context, the risk
of an accident must be acceptable, and the radiological consequences tolera-
ble, with more frequently occurring incidents countered by greater resilience
through enhanced safety systems grounded in robust engineered structures.
However, PRA has proven structurally limited in its ability to conceive and
capture the outcomes and consequences of a nuclear accident resulting from
a cascading series of events, as described in the Fukushima disaster and all
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previous major nuclear accidents. This implies that relatively simplified chain-
of-event fault-tree PRA models may not be sufficient to account for the indi-
rect, non-linear, and feedback relationships common for accidents in complex
systems. Here, modelled common-cause, common-mode, and dependent
failures have proved problematic; partly due to data limitation (since major
failures occur infrequently), and because failure mechanisms are often plant
specific (Dorfman et al., 2013).

Whilst most PRA models assume failure likelihood can be captured through
identical, independent log-normal failure distributions—since strong inde-
pendence assumptions employed in PRAs assume that reactor safety systems
are duplicated and reliable, core damage frequency estimates are typically very
low. Because of this, there may be good reason to question the conceptual and
theoretical completeness, and empirical and practical reliability of PRA mod-
els. This is partly because PRA is prone to under-counting accident scenar-
ios—since risk is estimated for enumerated reactor states, failure to account
for unknown and serially cascading beyond design-base accident scenarios
leaves an un-measurable model error in the core damage frequency estimate
(Maloney, 2011).

For example, before the Fukushima accident, the Japanese Nuclear
Regulatory Commission Guidance (NSC, 2006), updated in early 2011, con-
cluded that robust sealed containment structures would prevent damage from
a tsunami, and no radiological hazard would be likely. Whereas after the acci-
dent, the Chairman and President of the European Nuclear Society High
Scientific Council stressed that the magnitude of the tsunami that struck
Japan was beyond the design value to which the reactors were supposed to
withstand (Bonin and Slugen, 2011). These pre and post-facto statements
suggest that, although reactor design can prove relatively robust safety cannot
be guaranteed for cascading beyond design-base accidents. In the case of
Fukushima, because the cascade from earthquake, through tsunami, to reac-
tor and spent fuel fault condition was discounted, no account was taken for
the need to respond to the failure of three nuclear reactors and spent fuel ponds.

Pre-Fukushima probability estimates of a major nuclear accident were
around 1:100,000 for the 440 reactors in operation over the subsequent 25
years. Post-Fukushima, estimated probability of major nuclear accidents has
increased significantly. Yet, estimation of core melt and containment failure
may still prove problematic. Chernobyl and Fukushima together comprise
catastrophic meltdown in four nuclear reactors over the past few decades,
implying that that the probability of a major accident in the current world-
wide fleet over the next 20-25 years is around 1:5,000. Thus, whereas earlier
estimates assumed a probability of one major nuclear accident over a 100-year



70 P. Dorfman

period, reoccurrence of these events can be expected once every 20 years
(Goldemberg, 2011). This reassessment of nuclear risk is particularly appar-
ent in Germany, where Chancellor Angela Merkel concluded that Fukushima
had forever changed the way Germany defined nuclear risk (Schwigerl, 2011);
an analysis echoed by Norbert Rontgen, Germany’s Environment Minister,
who noted that Fukushima had swapped a mathematical definition of nuclear
energy’s residual risk with a terrible real-life experience, adding that he can no
longer put forward the argument of a tiny risk of 10 to the minus 7 (ibid.).

Importantly, the German Govt. Advisory Council on the Environment
(SRU) concurred with this critique, suggesting that:

The widespread view thar the extent of the damage due even to major incidents can
be adequately determined and limited in order to be weighed up... is becoming
considerably less persuasive... The fact that the accident was triggered by a process
which the nuclear reactor was not designed to withstand. .. casts a light on the limi-
tations of technological risk assessment... based on assumptions, and that reality can
prove these assumptions wrong. (SRU, 2011: 11)

Correspondingly, since levels of reliability required for a complex interactive
and tightly coupled NPP are very great (Perrow, 1984), with the range of
operating reactors having differing sets of designs and configurations, and
because of the complexity of physical conditions during reactor operation; the
understanding of reactor design and operation and, hence, likelihood of acci-
dent, is always partial. Since system components and external events can
interact in unanticipated ways, it is impossible to predict all potential failure
modes, it follows that numerical estimates of probabilities of significant acci-
dents remain deeply uncertain. As the Fukushima Investigation Committee
concluded (2011: 22): “The accidents present us [with] crucial lessons on how we
should be prepared for... incidents beyond assumptions”.

It is worth recalling that NPPs are vulnerable to unforeseen external events
or through human or engineering-based fault conditions, including acciden-
tal or deliberate harm. Accidents are by nature, accidental, and the cost of
ignoring this common-sense axiom can prove radiologically catastrophic
(Stirling, 2011). Part of the problem is that nuclear facilities are so compli-
cated that, given the unpredictability of unforeseen natural and other events
(including terrorist attacks), it may prove almost impossible to assess such
matters with confidence.



3 The Long Goodbye to the Nuclear Monument 71
8 Radiation Risk

The concept of risk is key to better understanding the relative role of nuclear
in the context of post-fossil fuel energy policy decision-making. Because of
the consequence of risks associated with nuclear, that energy pathway may
prove a far less rational choice in an increasingly uncertain safety and security
landscape—and fundamental radiation risk science is still indeterminate.

Radiation risk dramas are performed on darkly lit stages surrounded by
profound epistemological uncertainty, and some argue that the contextual
sub-plots of the actors are deliberately obscured by the exigencies of policy
goals associated with military deterrence (Stirling and Johnstone, 2018).
Direct attention to the question of risk and associated health impacts from
chronic radiation releases to the environment from civil and military reactors,
transports, waste and decommissioning, has emerged almost as an after-
thought to the operationalisation of the nuclear project.

Since concerns about potential human health consequences from signifi-
cant accident and incidents (and even normal releases from operational, waste
and decommissioning processes) drive all other upstream costs (such as reac-
tor and nuclear island containment, defence from attack); nuclear safety
regimes, based on radiation epidemiology and radiation biology, are abso-
lutely central to the nuclear issue. So often occluded in the energy manage-
ment literature, it remains vitally important to engage with aspects of this
complex and contested and, as yet, unresolved debate—which has both a
history and a trajectory.

Scientific radiation risk assessment is dependent on differing epidemiologi-
cal and biological experimental data. Studies concerning the interaction of
ionising radiation and the living environment (to determine differing path-
ways to, uptake of, and metabolism by differing soils, plants, and organisms)
take many forms. The most direct experiment is that between humans and
radiation (radiation exposure to humans). This involves the identification of
the concentration, quantity, and quality of radioactive pollutant, it’s pathway
through the environment and, finally, its uptake and metabolism within the
human receptor.

These data sets are subject to fundamental scientific radio-biological (mech-
anistic) and radio-epidemiological (direct effect) research involving differing
quantities and qualities of ionising radiation, as delivered to differing receiv-
ing ecosystem stages at population, community, organism, molecular and cel-
lular levels. The cumulative outcome of this research provides data concerning
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both somatic"® and genetic effects,'® which are then translated into models of
environmental management via filtration through, and validation by, interna-
tional and national scientific advisory bodies. In turn, these scientific advisory
bodies produce institutional knowledge concerning radiation risk, which are
then embodied in incrementally evolving sets of regulatory safety regimes. All
the above are intimately interwoven and interrelate. Fundamental science
and, hence, nuclear risk regulation attempt to successfully account for these
interactions via an extraordinary weight of directed research.

8.1 Radiation Epidemiology

Epidemiological method, the analysis of incidence and distribution of disease,
is fundamental to radiation risk determination and standard setting (Lindell,
1996). However, whilst epidemiology can provide direct information about
the relationship between environmental pollution and community well-being
or ill-health, this information is methodologically inferential rather than
causal. As with all quantitative data, results are dependent on the complete-
ness of preceding data. This can prove problematic—since complete informa-
tion about individual or population radiation dose and exposure may be
variable or uncertain. This issue is especially important for historic exposure
to humans. For instance, estimation of radiation exposure to groups such as
Hiroshima and Nagasaki A-bomb survivors (the single most important infor-
mation set concerning the effects of radiation on human organisms) has been
subject to vigorous controversy and reinterpretation (Stewart and
Kneale, 2000).

There also remains significant uncertainties associated with the choice of
differing models used to interpolate radiation risk between populations with
different background disease rates; for the projection of risk over time; for the
extrapolation of risks following primarily a single external high dose and high
dose-rate radiation exposure (following Japan A-Bomb detonations) in con-
trast to cumulative low dose and low dose-rate exposure (following NPP
releases under normal operating conditions). Despite this, the epidemiologi-
cal analysis of incidence and distribution of disease remains fundamental to
radiation-risk determination and nuclear protection standard setting.
Epidemiological investigations ranging from A-bomb survivor studies to
more numerically and temporally limited studies have provided an enormous

' Somatic effects occur in an individual who has been exposed to ionising radiation.

1¢ Genetic effects occur in the descendants of a parent whose DNA molecules are modified due to expo-
sure to ionising radiation.
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weight of evidence about the effects of ionising radiation on humans, and
because the association between radiation and the aetiology of cancer and
leukaemia is well-rehearsed in the published peer-reviewed literature, this
aspect of the debate has devolved to an intense, long-lived, and at times vitri-
olic discussion of the risks of disease incidence, in particular childhood cancer
and leukaemia, in the vicinity of nuclear installations.

Whilst a range of studies suggests no causal or associative link between
routine discharges from operating nuclear plants and increased incidence of
ill-health amongst nearby populations, sub-populations, communities, and
individuals (Jablon et al., 1991; Yoshimoto et al., 2004; Evrard et al., 2006;
COMARE, 2011), this important debate is ongoing, and there exists compel-
ling evidence to the contrary. One of the most significant data sets comprises
a national case-control study, funded and published by the Federal Office for
Radiation Protection on behalf of the German Federal Ministry for the
Environment and conducted by the German Childhood Cancer Registry on
childhood cancer near nuclear installations. This study investigated childhood
leukaemia and cancer incidence near all German (i.e. in both former West
and East Germany) between 1980 to 2003, providing evidence of a signifi-
cant increase in childhood leukaemia and cancer risk within 20 km of a NPP
(Kaatsch et al., 2007, 2008a, b; Spix et al., 2008). The German Federal Office
for Radiation Protection (BfS) formally confirmed these findings, stating that
an increased risk of 60% was observed for all types of childhood cancer, and
that for childhood leukaemia, the risk doubled (BfS, 2008). In response, the
UK scientific advisory Committee on Medical Aspects of Radiation in the
Environment (COMARE) 14th Report (2011) critiqued the German study
and stated that there was no evidence of either an association or causal link
between increased risk of childhood cancer or leukaemia and living near to
any UK NPP (COMARE, 2011). COMARE suggested that the acknowl-
edged childhood leukeamia cluster near to the UK Sellafield nuclear facility
was probably caused by an unidentified viral infection rather than radiation
exposure, citing the potential role of population mixing theory (PMT) in the
aetiology of childhood cancer and leukaemia near NPP (Kinlen, 2011)."7
Thus, even at the highest levels of investigation, and between two scientifically

PMT proponents claim that any excess childhood leukaemia incidence near NPP are caused by an
unidentified virus, brought in by nuclear construction workers, which is then passed on to local infants
and children. In other words, the suggestion is that enhanced contact between incoming and resident
sub-populations promotes the exchange via ‘herd-mingling’ of an unidentified virus that causes leukae-
mia. This theory has also been roundly critiqued.
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advanced European states, there exists no consensual agreement on, or settle-
ment over, this key aspect of the radiation risk debate.'®

8.2 Radiation Biology

The second main strand of radiation protection research is radiation biology,
which interrogates the underlying mechanisms by which radiation interacts
with living organisms. Radiation biology is dominated by deterministic scien-
tific investigation at the complex cellular and cellular response levels.

The theoretical underpinning of the biological effects of ionizing radiation
is based on sophisticated variants of target theory, such as track structure the-
ory. Target theory stipulates that the biological targets damaged in the cell are
relevant to the endpoint: for example, damage to a tumour suppressor gene
might lead to cancer. Whilst target theory holds for single locus hereditary
disease, there remain problems in applying it to somatic endpoints such as
cancer. As early as 1992, evidence inconsistent with target theory emerged in
the form of ‘genomic instability’ (Kadhim et al., 1992) and the ‘bystander
effect’ (Nagasawa and Little, 1992). Such effects are collectively known as
‘non-targeted effects’ because in this context the target is large enough to
encompass the whole nucleus of the cell and, via the bystander effect, radia-
tion does not directly affect the damaged cell. Perhaps the most worrying
aspect from the public health perspective is the potential for trans-
generationally inherited genomic instability characterised by the de novo
acquisition of various kinds of damage, mostly to DNA, up to several cell
generations after the exposure. In other words, damage associated with
genomic instability may not clinically present in those first exposed, but in
their children or grandchildren. More perplexingly, via the bystander effect,
this damage has been observed to occur in cells that experience no direct
radiation but are neighbours of cells that have been exposed (ibid.).

These phenomena continue to pose sets of significant questions for the
understanding of the underlying mechanisms involved and may imply some
re-appraisal of elements of the target theory approach and, hence, current
radiation protection regulatory philosophy. Whilst two European Commission
projects specifically directed at obtaining a better understanding of genomic

¥ Which has recently been further complicated through suggestions by pediatricians that infants and
children are more likely to experience higher external and internal radiation exposure levels than adults
(and, hence, be at greater risk) because of their smaller body and organ size and other physiologic char-
acteristics, as well as their tendency to pick up contaminated items and consume contaminated milk or
foodstuffs (Linet et al., 2018).
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instability, have reported”—so far, no replacement for the underpinning
framework based on target theory has emerged. This may be because, as usual
with radiation biology, the picture is complex, especially in distinguishing
between the interpretation of results from iz vitro and in vivo studies.” Later
work indicates that additional mechanisms may also be important for the
understanding of the impact of genomic instability and bystander effects on
radiation protection regulation. Mukherjee et al. (2012) suggest that radiation-
induced chromosomal instability may also result from inflammatory processes
having the potential to contribute secondary damage expressed as non-
targeted and delayed radiation effects. Lorimore et al. (2011) conclude that
complex multi-cellular interactions resulting from bystander effects may
influence carcinogenic susceptibility, with inflammatory processes responsible
for mediating and sustaining the durable effects of ionizing radiation. Given
that the genotype® of each individual is a key determinant of carcinogenic
susceptibility, then genotype-directed tissue responses may be important
determinants of understanding the specific consequence of radiation exposure
in different individuals (Lorimore et al., 2011). One potentially significant
implication of this finding is that differing people may have differing responses
and susceptibilities to radiation insult. In other words, it seems likely that
there are groups of people who are at greater risk from radiation than the
general population, and these sub-populations may not be adequately pro-
tected by current radiation-protection standards.?

So there seems to be an irrational paradox at the core of the radiation risk
issue. Whilst there exists significant fundamental scientific uncertainty about
important elements of its founding evidence—perplexingly, all decisions con-
cerning the actual regulation of nuclear pollution are based on the language of
certainty. In this sense, the flow of information between complex fundamen-
tal science and its progeny, should be rather like a Russian Doll, with each data
set transitively sitting in, and recursively dependant on, each other. Yet, in
practice, this flow of evidence seems more like a Chinese Whisper, with

PYRISC-RAD (http://riscrad.org/) and NOTE (http://www.note-ip.org).

2 in vivo experiments are those carried out inside a living organism (e.g. an animal), and iz vitro involves
experiments carried on outside a living organism (e.g. in a test tube).

21 Genotype is the part of the genetic makeup of a cell (and therefore of any person) which determines
one of its characteristics or traits.

22 Although elements of genetic aspects of individual sensitivity are rehearsed as a factor of uncertainty in
current radiation protection (e.g. whether there might be a significant fraction of the population who
might be at greater risk), it is important to stress that there is also uncertainty about the level of deleteri-
ous effects that radiation has on these susceptible sub-groups, and also about the genetic distribution of
phenotypes of these susceptible sub-groups within the general population.


http://riscrad.org/
http://www.note-ip.org
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information being altered in translation, and the final message failing to relate
sufficiently to its origin, purified from its problematic modifier—risk.

9 Conclusion

Perhaps the key analytical conclusion to be drawn from this chapter concerns
the multi-factorial nature of the nuclear issue, which incorporates sets of
cross-cutting and interwoven phenomena, each transitively dependent on the
other—and how, in turn, this complex hybrid may impact on future energy
policy choices. For example, the fate of new nuclear seems inextricably
entwined with, and determined by, that of renewable energy technology roll-
out. Thus, whilst global market trends for new nuclear are declining, and
renewables rising—the, perhaps obvious, explanation of this dynamic can be
found in the ramping costs of the former and the plummeting costs of the
latter (Elliott, 2017; Toke, 2018). In this sense, not all lower carbon options
are equal, and there are choices to be made. Whilst nuclear proponents argue
that future energy needs could be met via a combination of nuclear and
renewables—given the existential costs of nuclear, the real choice may well
prove to be nuclear or renewable. This is because new nuclear plants carry very
high technical, regulatory and investment risk, showing very significant cost
overruns, and despite arguments to the contrary, prospects for small modular
reactor development seem no better.

There seems no resounding new revelations over the vulnerability of nuclear
power to unforeseen natural disasters like earthquakes and tsunamis, or
through human or engineering-based fault conditions, including accidental
or deliberate harm. Accidents are by nature, accidental, and the cost of ignor-
ing this common-sense axiom can prove radiologically catastrophic (Stirling,
2011). Whatever one’s view of the risks and benefits of nuclear energy, it is
clear that the possibility of catastrophic accidents must be factored into post-
fossil fuel energy policy and regulatory decision-making processes.

Given the degree of uncertainty and complexity attached to even the most
tightly framed and rigorous nuclear risk assessment, attempts to weight the
magnitude of accident by the expected probability of occurrence has proven
problematic—since these essentially theoretical calculations can only be based
on sets of pre-conditioning modelled assumptions. This is not an arcane phil-
osophical point, but rather a very practical issue with significant implications
for the proper management of nuclear risk. With its failure to plan for unex-
pected beyond design-base cascading accidents, regulatory emphasis on risk-
based probabilistic assessment has proven limited, and even enhanced current
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major accident liability regimes will prove inadequate to meet the cost of any
further nuclear disasters.

Whilst some argue that nuclear may help ameliorate the effects of global
heating, because climate change will impact coastal nuclear plants earlier and
harder than the nuclear industry, government, or regulatory bodies currently
estimate, nuclear may prove more risky than helpful. In this context, it may
prove critically important to sequester significant funds in order to attempt to
defend and adapt coastal nuclear sites to hazards associated with swiftly rising
sea levels, storm surges, flooding and the likelihood of eventual nuclear
islanding.

Although foresight and precaution are key to the management of nuclear
risks, a paradox lies at the heart of the issue: Whereas significant aspects of
fundamental cost, liability, risk assessment, reactor design, and radiation pro-
tection science and technology are characterised by very real uncertainty,
indeterminacy and contingency—the regulation, construction, finance and
operation of nuclear facilities are based on the language of certainty. In other
words, the nearer one gets to the fundamental science of nuclear systems, the
greater the uncertainty and complexity—yet the nearer one gets to regulation
and operation, the greater the certainty and simplicity. The result of this pro-
cess of translation is the deployment of over-simplified ‘black-boxed” knowl-
edge. Questions for further research include: how, where, and why does
this happen?

In the journey to manage the decline of fossil fuels, nuclear power (a quint-
essentially late twentieth century technology) will struggle to compete with
the technological, economic and security advances and advantages of the
coming renewable evolution. In bidding a long goodbye to coal, we may also
be bidding adieu to nuclear—and given the associated ramping cost and risk
issues that cling to nuclear power, perhaps not before time.

References

Assemblée National. 2017a. En application de larticle 145 du Réglement relative a la
faisabilité technique et financiére du démantélement des installations nucléaires de
base, Enregistré a la Présidence de 'Assemblée nationale le 1 février 2017.

Assemblée National. 2017b. Rapport d’information: Déposé en application de
larticle 145 du Reglement Par La Mission D’Information relative a la faisabilité
technique et financiére du démantélement des installations nucléaires de base au
nom de la commission du dévelopment durable et de 'aménagement du teritoire
et présenté par M. Julien Aubert, Président and Mme Barbara Romagnan,



78 P. Dorfman

Rapporteure Députés, No. 4428. http://www.assemblee-nationale.fr/14/rap-info/
i4428.asp.

BEIS (UK Department of Business, Energy and Industrial Strategy). 2018. Advanced
Nuclear Technologies, Policy Paper, BEIS, Updated December 17, 2018. hteps://
www.gov.uk/government/publications/advanced-nuclear-technologies/
advanced-nuclear-technologies.

BfS (German Federal Office for Radiation Protection). 2008. Unanimous Statement
by the Expert Group Commissioned by the Bundesamt fur Strahlenschutz on the
KiKK Study, Berlin, Germany, 2007.

Bonin, B. and Slugen, V. 2011. Statement on the Japanese Nuclear Accident,
European Nuclear Society (ENS) High Scientific Council, European
Nuclear Society.

Carbon Brief. 2018. The Carbon Brief Interview: Sir John Armitt, November 13,
2018. https://www.carbonbrief.org/the-carbon-brief-interview-john-armitt?utm_
content=buffer559c6&utm_medium=social&utm_source=twitter.
com&utm_campaign=buffer#nuclear.

Citi. 2009. New Nuclear—The Economics Say No, UK Green Lights New Nuclear—
Or Does It? November 9, 2009. http://npolicy.org/article_file/New_Nuclear-
The_Economics_Say_No.pdf.

COMARE (Committee on Medical Aspects of Radiation in the Environment).
2011. Further Consideration of the Incidence of Childhood Leukaemia Around
Nuclear Power Plants in Great Britain, Fourteenth Report, Chairman: Professor A
Elliott, HMG.

Cooper, M. 2014. Small Modular Reactors and the Future of Nuclear Power in the
United States. Energy Research & Social Science 3(September): 161-177.

Dorfman, P. 2004. The Performance of Knowledge in the Low Level Radiation Risk
Debate. Unpublished PhD, UWE, Bristol.

Dorfman, P. 2013. Witness Statement, UK High Court, wC0O/5020/2013. In The
Administrative Court, Between: An Taisce (Claimant) and The Secretary of State
for Energy and Climate Change (Defendant), and NNB Generation Company
Ltd (Interested Party), 2013, London.

Dorfman, P. 2017. How Much Will it Really Cost to Decommission the Aging
French Nuclear Fleet? Energy Post, March 15, 2017. https://energypost.cu/
how-much-will-it-really-cost-to-decommission-the-aging-french-nuclear-fleet/.

Dorfman, P, Fucic A. and Thomas, S. 2013. Late Lessons from Chernobyl, Early
Warnings from Fukushima. In: Late Lessons from Early Warnings: Science,
Precaution, Innovation, EEA Report, No. 1/2013, ISSN 1725-9177, European
Environment agency (EEA).

Ekins, P, Drummond, P. and Goerlach, B. 2017. Policy Instruments for Low-carbon
Development Based on Work from the EUFP7 Project, CECILIA2050:
Combining Policy Instruments to Achieve Europe’s 2050 Climate Targets, Climate
Policy 17 (Supp. 1): S1-§7.


http://www.assemblee-nationale.fr/14/rap-info/i4428.asp
http://www.assemblee-nationale.fr/14/rap-info/i4428.asp
https://www.gov.uk/government/publications/advanced-nuclear-technologies/advanced-nuclear-technologies
https://www.gov.uk/government/publications/advanced-nuclear-technologies/advanced-nuclear-technologies
https://www.gov.uk/government/publications/advanced-nuclear-technologies/advanced-nuclear-technologies
https://www.carbonbrief.org/the-carbon-brief-interview-john-armitt?utm_content=buffer559c6&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer#nuclear
https://www.carbonbrief.org/the-carbon-brief-interview-john-armitt?utm_content=buffer559c6&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer#nuclear
https://www.carbonbrief.org/the-carbon-brief-interview-john-armitt?utm_content=buffer559c6&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer#nuclear
http://npolicy.org/article_file/New_Nuclear-The_Economics_Say_No.pdf
http://npolicy.org/article_file/New_Nuclear-The_Economics_Say_No.pdf
https://energypost.eu/how-much-will-it-really-cost-to-decommission-the-aging-french-nuclear-fleet/
https://energypost.eu/how-much-will-it-really-cost-to-decommission-the-aging-french-nuclear-fleet/

3 The Long Goodbye to the Nuclear Monument 79

Elliott, D. 2017. Nuclear Power, Past Present and Future. IOP Science, Morgan
and Claypool.

ENSREG (European Nuclear Safety Regulators Group). 2011. EU Stress Tests
Specifications http://www.ensreg.eu/node/289/.

Evrard, A-S., Hémon, D., Morin, A., Laurier, D., Tirmarche, M., Backe, J-C.,,
Chartier, M. and Clavel, J. 2006. Childhood Leukaemia Incidence around French
Nuclear Installations Using Geographic Zoning Based on Gaseous Discharge
Dose Estimates. British Journal of Cancer 94(9): 1342—-1347.

Faure, M.G. and Fiore, K. 2009. An Economic Analysis of the Nuclear Liability
Subsidy. Pace Environmental Law (PELR) Review 26(2), 2009. Available at SSRN:
hteps://sstn.com/abstract=1503327.

Fritsche, U.W. and Lim S. 2006. Comparison of Greenhouse-Gas Emissions and
Abatement Cost of Nuclear and Alternative Energy Options from a Life- Cycle
Perspective, Energy & Climate Division Oko-Institut, Darmstadt Office.

Glaser, A., Hopkins, L.B. and Ramana, M.V. 2013. Resource Requirements and
Proliferation Risks Associated with Small Modular Reactors. Nuclear Technology
184(1): 121-129.

Goldemberg, J. 2011. Oil Price. http://oilprice.com/Alternative-Energy/Nuclear-
Power/Have-Rising-Costs-and-Increased-Risks-Made-Nuclear-Energy-a-Poor-
Choice.html.

HMG (Her Majesty’s Government, UK). 2010. A Strong Britain in an Age of
Uncertainty: The National Security Strategy, Presented to Parliament by the Prime
Minister, October 2010, Cm. 7953, Stationery Office, London.

IAEA (International Atomic Energy Association). 1999. Basic Safety Principles for
Nuclear Power Plants 75-INSAG-3 Rev. 1, A Report by the International Nuclear
Safety Advisory Group, INSAG Series No. 12.

IAEA (International Atomic Energy Association). 2011. Energy, Electricity and
Nuclear Power Estimates for the Period up to 2050, 2011 ed., REF Data Series
No. 1, IAEA.

IAEA (International Atomic Energy Association). 2012. Energy, Electricity and
Nuclear Power Estimates for the Period up to 2050, 2012 ed., REF Data Series
No. 2, IAEA.

IAEA (International Atomic Energy Association). 2018a. Preparation, Conduct and
Evaluation of Exercises to Test Security Contingency Plans at Nuclear Facilities, IAEA-
TDL-008 (ISBN: 978-92-0-107418-8).

IAEA (International Atomic Energy Association). 2018b. Deployment Indicators for
Small Modular Reactors, Methodology, Analysis of Key Factors and Case Studies,
TECDOC Series No. 1854, IAEA-TECDOC-1854, 978-92-0-105718-1,
Sept 2018.

IME (Institution of Mechanical Engineers). 2009. Climate Change: Adapting to the
Inevitable. Westminster and London: Institution of Mechanical Engineers.

International Energy Agency (IEA). 2018. World Energy Investment 2018. hetps://
webstore.iea.org/world-energy-investment-2018.


http://www.ensreg.eu/node/289/
https://ssrn.com/abstract=1503327
http://oilprice.com/Alternative-Energy/Nuclear-Power/Have-Rising-Costs-and-Increased-Risks-Made-Nuclear-Energy-a-Poor-Choice.html
http://oilprice.com/Alternative-Energy/Nuclear-Power/Have-Rising-Costs-and-Increased-Risks-Made-Nuclear-Energy-a-Poor-Choice.html
http://oilprice.com/Alternative-Energy/Nuclear-Power/Have-Rising-Costs-and-Increased-Risks-Made-Nuclear-Energy-a-Poor-Choice.html
https://webstore.iea.org/world-energy-investment-2018
https://webstore.iea.org/world-energy-investment-2018

80 P. Dorfman

Investigation Committee. 201 1. [nvestigation Committee on the Accidents at Fukushima
Nuclear Power Stations of Tokyo Electric Power Company, Executive Summary of the
Interim Report, Provisional, 26 December 2011.

IPCC (International Panel on Climate Change). 2018. Global Warming of 1.5°C: An
IPCC Special Report on the Impacts of Global Warming of 1.5°C Above Pre-industrial
Levels and Related Global Greenhouse Gas Emission Pathways, in the Context of
Strengthening the Global Response to the Threat of Climate Change, Sustainable
Development, and Efforts to Eradicate Poverty. https:/[www.ipcc.ch/pdf/special-
reports/sr15/sr15_spm_final.pdf.

Jablon, S. Hrubec, Z. and Boice, J.D. 1991. Cancer in Populations Living Near
Nuclear Facilities, Report of a Survey by Researchers at the US National Cancer
Institute. Journal of the American Medical Association 265: 1403—1408.

Japan Times. 2018. Estimated Cost of Fukushima Disaster Might Balloon to ¥218
Billion, March 24, 2018. https://www.japantimes.co.jp/news/2018/03/24/
national/estimated-taxpayer-cost-fukushima-nuclear-disaster-balloons-
%C2%A5218-2-billion/.

Kaatsch, P, Spix, C., Schmiedel, S., Schulze-Rath, R., Mergenthaler A. and Blettner
M. 2007. Epidemiologische Studie zu Kinderkrebs in der Umgebung von
Kernkraftwerken (KiKK-Studie). Zusammenfassung.

Kaatsch, P, Spix, C., Schulze-Rath, R., Schmiedel, S. and Blettner, M. 2008a.
Leukaemia in Young Children Living in the Vicinity of German Nuclear Power
Plants. International Journal of Cancer 122: 721-726.

Kaatsch, P, Spix, C., Jung, I. and Blettner, M. 2008b. Childhood Leukemia in the
Vicinity of Nuclear Power Plants in Germany. Deutsches Arzteblatt International
105: 725-732.

Kadhim, M.A., Macdonald, D.A., Goodhead, D.T., Lorimore, S.A., Marsden, S.]J.
and Wright, E.G. 1992. Transmission of Chromosomal Instability After Plutonium
Alpha-Particle Irradiation. Nature 355(6362): 738-740.

Kinlen, L. 2011. Childhood Leukaemia, Nuclear Sites, and Population Mixing.
British Journal of Cancer 104(1): 12-18.

Kopytko, N. and Perkins, J. 2011. Climate Change, Nuclear Power, and the
Adaptation-Mitigation Dilemma. Energy Policy 39(1): 318-333.

KPMG (Klynveld Peat Marwick Goerdeler). 2011. Construction Risk in New
Nuclear Power Projects—Eyes Wide Open. KPMG International.

Leveque, E 2011. Nuclear Outlook in the EU by 2020 and Beyond. Energy Policy
Blog, June 18, 2011.

Lindell, B. 1996. The History of Radiation Protection. Radiation Protection Dosimetry
68(1-2): 83-95.

Linet M.A., Kazzi Z. and Paulson J.A. 2018. Pediatric Considerations Before,
During, and After Radiological or Nuclear Emergencies. Pedriatics 142(6),
€20183001.


https://www.ipcc.ch/pdf/special-reports/sr15/sr15_spm_final.pdf
https://www.ipcc.ch/pdf/special-reports/sr15/sr15_spm_final.pdf
https://www.japantimes.co.jp/news/2018/03/24/national/estimated-taxpayer-cost-fukushima-nuclear-disaster-balloons-¥218-2-billion/
https://www.japantimes.co.jp/news/2018/03/24/national/estimated-taxpayer-cost-fukushima-nuclear-disaster-balloons-¥218-2-billion/
https://www.japantimes.co.jp/news/2018/03/24/national/estimated-taxpayer-cost-fukushima-nuclear-disaster-balloons-¥218-2-billion/

3 The Long Goodbye to the Nuclear Monument 81

Lorimore, S.A., Mukherjee, D., Robinson, J.I., Chrystal, J.A. and Wright, E.G.
2011. Long-lived Inflammatory Signaling in Irradiated Bone Marrow is Genome
Dependent. Cancer Research 71: 6485-6491.

Maloney, S. 2011. Assessing Nuclear Risk in the Aftermath of Fukushima. Energy
Risk, July 11, 2011.

Molyneux, J. 2017. UK Industrial Readiness for SMR, World Nuclear New Build
Congress, 12 September 2017. Presentation, John Molyneux, Director of
Engineering and Technology, Rolls-Royce Civil Nuclear.

Morris, C. and Pehnt, M. 2018. The German Energiewende eBook, Energy
Transition. Heinrich Bsll Foundation. hetps://book.energytransition.org/.

Mukherjee, D., Coates, PJ., Lorimore, S.A. and Wright, E.G. 2012. The In Vivo
Expression of Radiation- Induced Chromosomal Instability Has an Inflammatory
Mechanism. Radiation Research 177: 18-24.

Nagasawa, H. and Little, J.B. 1992. Induction of Sister Chromatid Exchanges by
Extremely Low Doses of Alpha-particles. Cancer Research 52: 6394-6396.

NAO (National Audit Office). 2017. Hinkley Point C, Report by the Comptroller
and Auditor General, Department for Business, Energy & Industrial Strategy.
hteps://www.nao.org.uk/wp-content/uploads/2017/06/Hinkley-Point-C.pdf.

Nerem, R.S., Beckley, B.D., Fasullo, ]J.T., Hamlington, B.D., Masters, D. and
Mitchum, G.T. 2018. Climate-Change—Driven Accelerated Sea-Level Rise
Detected in the Altimeter Era, PNAS 115 (9): 2022-2025.

NIC (National Infrastructure Commission). 2018. National Infrastructure
Assessment, July 2018. https://www.nic.org.uk/wp-content/uploads/CCS001_
CCS0618917350-001_NIC-NIA_Accessible.pdf.

NSC (Nuclear Safety Commission). 2006. Safety Evaluation, NSC Regulatory
Guide, Japanese Nuclear Safety Commission.

Paris Convention. 2011. Protocols to Amend the Brussels Supplementary Convention
on Nuclear Third-Party Liability, No. 26, February, 2011.

Perrow, C. 1984. Normal Accidents: Living with High Risk Technologies, Revised ed.,
1999. Princeton, NJ: Princeton University Press.

Portugal-Pereira, J., Ferreira, P, Cunha, J., Szklo, A., Schaeffer, R. and Araujo, I
2018. Better Late Than Never, but Never Late is Better: Risk Assessment of
Nuclear Power Construction Projects. Energy Policy 120(September): 158—166.

Professional Engineering. 2011. Funding for Nuclear Expansion: Costs and Risks
Associated with Nuclear Construction Raise Further Questions, 3 October 2011,
Professional Engineering.

Pyrkalo, S.2018. EBRD Says Renewables are Now Cheapest Energy Source. European
Bank for Reconstruction and Development (EBRD), October 7, 2018. heeps://www.
ebrd.com/news/2018/ebrd-says-renewables-are-now-cheapest-energy-
source-.html.

Ramana, M.V. 2017. Challenges of Small Modular Reactors, Liu Institute for Global
Issues, School of Public Policy and Global Affairs, University of British Columbia,
Energy Studies Institute, Singapore, 27 October 2017.


https://book.energytransition.org/
https://www.nao.org.uk/wp-content/uploads/2017/06/Hinkley-Point-C.pdf
https://www.nic.org.uk/wp-content/uploads/CCS001_CCS0618917350-001_NIC-NIA_Accessible.pdf
https://www.nic.org.uk/wp-content/uploads/CCS001_CCS0618917350-001_NIC-NIA_Accessible.pdf
https://www.ebrd.com/news/2018/ebrd-says-renewables-are-now-cheapest-energy-source-.html
https://www.ebrd.com/news/2018/ebrd-says-renewables-are-now-cheapest-energy-source-.html
https://www.ebrd.com/news/2018/ebrd-says-renewables-are-now-cheapest-energy-source-.html

82 P. Dorfman

Ramana, M.V. 2018. Small Modular Reactors for Nuclear Power: Hope or Mirage?
Energy Post, February 21, 2018. https://energypost.cu/small-modular-reactors-for-
nuclear-power-hope-or-mirage/.

Ramana, M.V. and Ahmad, A. 2016. Wishful Thinking and Real Problems: Small
Modular Reactors, Planning Constraints, and Nuclear Power in Jordan. Energy
Policy 93: 236-245.

REN21. 2018. Renewables 2018 Global Status Report. Paris: REN21 Secretariat.
ISBN 978-3-9818911-3-3.

Renewable Energy World. 2018. IEA: World Could Install 1.3 TW of Clean Energy
by 2023, October 15, 2018. https://www.renewableenergyworld.com/articles/
2018/10/iea-world-could-install-13-tw-of-clean-energy-by-2023.heml.

Reuters Business. 2018. France’s EDF Halts Four Nuclear Reactors Due to Heatwave,
August 18, 2018. https://uk.reuters.com/article/uk-france-nuclearpower-weather/
frances-edf-halts-four-nuclear-reactors-due-to-heatwave-idUKKBN1KPOEV.

Reuters Environment. 2019. Renewables Overtake Coal as Germany’s Main Energy
Source. https://www.reuters.com/article/us-germany-power-renewables/renewables-
overtake-coal-as-germanys-main-energy-source-idUSKCN1OX0U?2.

Samet, J.M. and Seo, J. 2016. The Financial Costs of the Chernobyl Nuclear Power
Plant Disaster: A Review of the Literature. USC, 2016. hetps://uscglobalhealth.
files.wordpress.com/2016/01/2016_chernobyl_costs_report.pdf.

Schiellerup, P and Atanasiu, A. 2011. Innovations for a Low-Carbon Economy: An
Overview and Assessment of the EU Policy Landscape—An IEEP Report for
WWE-Sweden: Final Report 1 April 2011. hetp://www.climatesolver.org/sites/
default/files/reports/110401.pdf.

Schneider, M., Froggatt, A., Hazemann, J., Katsuta, T., Ramana, M.V, Stitling, A.,
Johnstone, P, von Hirschhausen, C. and Wealer B. 2018. The World Nuclear
Industry Status Report 2018, Mycle Schneider Consulting, Paris, 2018.

Schwigerl, C. 2011. Germany’s Unlikely Champion of a Radical Green Energy Path.
Yale Environment 360, University of Yale, School of Forestry and
Environmental Studies.

Shinbun. 2018. Ex-IEA Official: Nuclear Power Cant Compete with Solar Power,
July 24, 2018. http://www.asahi.com/ajw/articles/AJ201807240045.html.

Sovacool, B. 2008. Valuing the Greenhouse Gas Emissions from Nuclear Power: A
Critical Survey. Energy Policy 36(8): 2940-2953.

Sovacool, B.K. and Ramana, M.V. 2014. Back to the Future: Small Modular Reactors,
Nuclear Fantasies, and Symbolic Convergence. Sage Journals, Science, Tech and
Human Values. hteps://doi.org/10.1177/0162243914542350.

Stewart, A. and Kneale, G. 2000. A Bomb Survivors: Factors that May Lead to a
Re-assessment of the Radiation Hazard. International Journal of Epidemiology
29: 708-714.

Stirling, A. 2011. Neglected Nuclear Lessons, STEPS (Social, Technological and
Environmental Pathways to Sustainability). University of Sussex.


https://energypost.eu/small-modular-reactors-for-nuclear-power-hope-or-mirage/
https://energypost.eu/small-modular-reactors-for-nuclear-power-hope-or-mirage/
https://www.renewableenergyworld.com/articles/2018/10/iea-world-could-install-13-tw-of-clean-energy-by-2023.html
https://www.renewableenergyworld.com/articles/2018/10/iea-world-could-install-13-tw-of-clean-energy-by-2023.html
https://uk.reuters.com/article/uk-france-nuclearpower-weather/frances-edf-halts-four-nuclear-reactors-due-to-heatwave-idUKKBN1KP0EV
https://uk.reuters.com/article/uk-france-nuclearpower-weather/frances-edf-halts-four-nuclear-reactors-due-to-heatwave-idUKKBN1KP0EV
https://www.reuters.com/article/us-germany-power-renewables/renewables-overtake-coal-as-germanys-main-energy-source-idUSKCN1OX0U2
https://www.reuters.com/article/us-germany-power-renewables/renewables-overtake-coal-as-germanys-main-energy-source-idUSKCN1OX0U2
https://uscglobalhealth.files.wordpress.com/2016/01/2016_chernobyl_costs_report.pdf
https://uscglobalhealth.files.wordpress.com/2016/01/2016_chernobyl_costs_report.pdf
http://www.climatesolver.org/sites/default/files/reports/110401.pdf
http://www.climatesolver.org/sites/default/files/reports/110401.pdf
http://www.asahi.com/ajw/articles/AJ201807240045.html
https://doi.org/10.1177/0162243914542350

3 The Long Goodbye to the Nuclear Monument 83

Stirling, A. 2014. Transforming Power: Social Science and the Politics of Energy
Choices. Energy Research & Social Science 1: 83-95. ISSN 2214-6296.

Stirling, A. and Johnstone, P. 2018. A Global Picture of Industrial Interdependencies
Between Civil and Military Nuclear Infrastructures, SPRU (Science Policy
Research Unit), University of Sussex, SWPS 2018-13 (August) SPRU Working
Paper Series (ISSN 2057-6668).

Spix, C., Schmiedel, S., Kaatsch, P, Schulze-Rath, R. and Blettner, M. 2008. Case-
control Study on Childhood Cancer in the Vicinity of Nuclear Power Plants in
Germany 1980-2003. European Journal of Cancer 44: 275-284.

SRU (German Advisory Council on the Environment). 2011. Pathways Towards a
100% Renewable Electricity System: Summary for Policy Makers. Berlin: SRU.

Texas Insticute. 2011. Impact of Nuclear Power Projects on Credit Ratings and
Creditor Recoveries Following Default of Investor Owned Utilities Sponsoring
Nuclear Projects, Research Study, September 1, 2011, Texas Institute.

Toke, D. (2018). Low Carbon Politics: A Cultural Approach Focusing on Low Carbon
Electricity. Abingdon, Oxon: Routledge.

Vaughan, A. 2019. Hitachi Scraps £16bn Nuclear Power Station in Wales. Zhe
Guardian. https:/[www.theguardian.com/business/2019/jan/17/hitachi-set-to-
scrap-16bn-nuclear-project-anglesey-wales.

Versicherungsforen Leipzig GmbH. 2011. Calculating a Risk-appropriate Insurance
Premium to Cover Third-party Liability Risks that Result from Operation of
Nuclear Power Plants, Commissioned by the German Renewable Energy
Federation (BEE), Giinther, B., Karau, T., Kastner, E.M. and Warmuth, W.,
Leipzig, 1 April 2011.

Vidal, J. 2018. What Are Coastal Nuclear Plants Doing to Arrest Climate Change?
Ensia. hteps://ensia.com/features/coastal-nuclear/.

Vienna Declaration. 2011. Declaration, May 25, 2011, Vienna, Ministers and Heads
of Delegations of Austria, Greece, Ireland, Latvia, Liechtenstein, Luxembourg,
Malta and Portugal, Lebensministerium.

WENRA Task Force (Western European Nuclear Regulators Association Task Force).
2011. ‘Stress Tests’ Specifications, Proposal by the WENRA Task Force, 21
April 2011.

WNN (World Nuclear News). 2018. Olkiluoto 3 EPR Parties Agree Settlement.
WNN, March 12, 2018. http://www.world-nuclear-news.org/Articles/ Olkiluoto-
3-EPR-parties-agree-settlement.

Wood, G. 2018. Policy Risk, Politics and Low Carbon Energy. In: Considine, J.I.
and Paik, K-W. (Eds.) Handbook of Energy Politics. Edward Elgar.

World Nuclear Association (WNA). 2015. Facilitating International Licensing of
Small Modular Reactors, Cooperation in Reactor Design Evaluation and Licensing
(CORDEL) Working Group of the World Nuclear Association, August 2015.

World Nuclear Association (WNA). 2017. Nuclear Power Economics and Project
Structuring—2017 Edition Produced by: World Nuclear Association Published:
January 2017 Report No. 2017/001.


https://www.theguardian.com/business/2019/jan/17/hitachi-set-to-scrap-16bn-nuclear-project-anglesey-wales
https://www.theguardian.com/business/2019/jan/17/hitachi-set-to-scrap-16bn-nuclear-project-anglesey-wales
https://ensia.com/features/coastal-nuclear/
http://www.world-nuclear-news.org/Articles/Olkiluoto-3-EPR-parties-agree-settlement
http://www.world-nuclear-news.org/Articles/Olkiluoto-3-EPR-parties-agree-settlement

84 P. Dorfman

World Nuclear Association (WNA). 2018. Poland Needs Nuclear to Reduce
Emissions and Create Jobs. WNA, November 2018. http://www.world-nuclear.
org/press/press-statements/ poland-needs-nuclear-to-reduce-emissions-and-c.aspx.

Yoshimoto, Y., Yoshinaga, S., Yamamoto, K., Fijimoto, K., Nishizawa, K. and Sasaki,
Y. 2004. Research on Potential Radiation Risks in Areas with Nuclear Power
Plants in Japan: Leukaemia and Malignant Lymphoma Mortality Between 1972
and 1997 in 100 Selected Municipalities. Journal of Radiological Protection
24: 343-3068.


http://www.world-nuclear.org/press/press-statements/poland-needs-nuclear-to-reduce-emissions-and-c.aspx
http://www.world-nuclear.org/press/press-statements/poland-needs-nuclear-to-reduce-emissions-and-c.aspx

l‘)

Check for
updates

4

Capacity Remuneration Mechanisms:
Regulatory Tools for Sustaining Thermal
Power Plants and the EU Energy Transition

Taner Sahin

1 Introduction

This chapter' aims to discuss why sustaining the profitability of thermal power
plants (TPPs) is critical for the process of Energy Transition. Within the con-
text of this chapter, TPPs are defined as power plants that generate electricity
from fossil fuels including coal and natural gas. At first glance, this argument
can be supposed to be irrational. It is truly ironic that Energy Transition,
which is a precursor of a world with low or zero-carbon emissions, requires
TPPs to proceed in a healthy manner. Since electricity, for now, is a product
that cannot be stored economically at a sufficient level and renewable energy
sources (RESs) such as wind and solar power cannot provide continuous elec-
tricity (intermittency problem), it seems TPPs will continue to maintain their
importance as a back-up capacity to ensure generation adequacy (also called
resource adequacy). Generation adequacy can be defined as the ability of capac-
ity resources including supply side and demand side resources to meet aggre-
gate demand in the long run (Table 4.1). Generation adequacy is a sub-concept
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Table 4.1 Classification of reliability of electricity supply

Umbrella
term Classification Definitions
Reliability Security Security is the short-term component of the concept of

reliability. It shows the endurance of an electricity
system to any unexpected shocks and sudden

disruptions.

Firmness Firmness is a concept that cover the mid to long term. It
basically deals with the supply of already installed
generation capacity efficiently.

Adequacy Generation The ability of resources including both

adequacy

Network
adequacy

supply and demand side resources to meet
total demand in the long-term. With an
increasing share of intermittent RESs in
the generation mix, flexibility as the new
component of the definition of
generation adequacy has become
prominent in recent years. Flexibility, in
short, is the ability of an electricity system
to meet electricity demand and the
variable electricity generation of RESs.

Electricity markets are network-bound

markets. Therefore, reliability is not only
related to adequate generation capacity;
adequate levels of network investment
are also vital so as to reach electricity from
production points to consumption points.
With this understanding, network
adequacy can be defined as the ability of
an electricity system that can ensure
electricity from generators to consumers
through adequate network capacity.

Source: Adapted from Sahin (2018: 44-55). Since this chapter is fundamentally about
generation adequacy, other concepts such as security are out-with the scope of this
chapter. This table is provided for terminological clarification. It should be kept in mind
that all these concepts introduced on this table are closely interrelated in real life

of reliability of electricity supply, which is an umbrella concept that covers
from short term (security) to long term (firmness and adequacy) aspects of reli-
able electricity supply. The revolutionary transformation in electricity markets
witnessed in the last decade has made flexibility the essential part of the defi-
nition of generation adequacy. Indeed, as noted by Henriot and Glachant

(2015: 40):

[...] a large share of the resources remunerated will have to operate in a flexible
way, so as to cope with the variability of intermittent RES. In this context, gen-
eration adequacy [...] is not only about securing a minimum reserve margin,
but also about delivering an adequate flexibility mix for the system. Part of the
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incentives to promote generation flexibility [...] might be embodied in short-
term energy prices, but it is clear that the issue of generation adequacy cannot
be completely separated from the issue of flexibility.

With increasing intermittent RESs in electricity markets, the issue of flex-
ibility has been regarded as a problem to ensure generation adequacy.
Flexibility is the ability of an electricity system to meet both the electricity
demand and variable electricity generation of RESs (see Table 4.1). Flexibility
is a product that can be provided at various levels by various sources including
demand and supply side sources. A number of scholars including Haas et al.
(2013: 131-132), Ela et al. (2014: viii) and Henriot (2015: 14) have rightly
indicated that increasing intermittent RESs within generation mixes around
the world simultaneously increases the need for flexibility which is properly
supplied by TPPs, particularly gas power plants, and well-designed demand-
side response programmes. The increasing need for flexibility is fundamen-
tally related to the intermittency problem becomes apparent with increasing
shares of RES in generation mixes, particularly in developed countries such as
EU Member States. The intermittency problem stems from three basic char-
acteristics of these resources: (1) Intermittent RESs are variable because their
electricity output depends on weather conditions; (2) Supply of RESs are
uncertain because their electricity output is unclear until the real time; and (3)
These intermittent RESs are location-specific because the potential of wind
and solar power are not technically necessary to be situated close to demand
centres (Kondziella and Bruckner, 2016: 11). So, with these characteristics,
integrating intermittent RESs into electricity markets requires more flexible
capacity resources.

It is known that liberalisation in electricity markets created challenges to
ensure generation adequacy. The process of Energy Transition, the impact of
which has become increasingly felt in recent years, further complicates the
issue of generation adequacy in energy-only markets. In this regard, the role
of Capacity Remuneration Mechanisms (CRMs) becomes even more promi-
nent in Energy Transition. This chapter essentially aims to reveal the role of
CRMs to sustain TPPs and, hence, promote Energy Transition. For this pur-
pose, the concept of Energy Transition is analysed within the context of
increasing share of RESs and changing roles of TPPs in electricity markets.
Then, the emergence of CRMs is examined. In concluding, an answer is given
to the question of why properly designed CRMs should be part of electricity
markets as bridges? to sustain both TPPs and the Energy Transition.

*To the best of our knowledge, the analogy between CRMs and bridges was first made by Gonzalez-Diaz
in the following source: Gonzalez-Diaz (2015).
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2 Energy Transition, Generation Adequacy
and Changing Role of Thermal Power Plants

2.1  What is the Energy Transition?

In recent years, the majority of research on European electricity markets have
appropriately felt the need to highlight the point that there is a major transi-
tion process on-going in energy markets. Certainly, the question of what this
huge transition is has no easy answer. Energy Transition may have different
meanings for different countries or different timeframes. Transition as a word
can be defined as “a change from one form or type to another, or the process
by which this happens.”(Cambridge Dictionary, n.d.). By their nature, all
kinds of transitions, including Energy Transitions, create challenges to be
overcome. This is natural because all transitions, more or less, must aim to
change a kind of status quo. It is a well-known fact that one of the primary
features of any status quo is their resistance to changes/transitions. So, it can
be argued that Energy Transition as a form of major transformation aims to
change the current status quo in the energy sector based on mainly fossil-fuel
inputs with a highly centralised structure to a low carbon and decentralised
structure. In this sense, it is important to define the concept of Energy
Transition.

Some researchers and institutions have attempted to define it. For instance,
Smil (2010: vii) argued that even though there is no commonly accepted defi-
nition of the concept of Energy Transition, it is mainly described as “the
change in the composition (structure) of primary energy supply”. Further,
Mersinia and Penttinen (2017: 1) defined this concept as a process “that the
energy system is required to undergo in order to meet the challenges posed, in
particular, by the man-made greenhouse gases attributable to the energy sec-
tor”. In a similar way, Arent et al. (2017: 3) indicated that the notion of
Energy Transition widely means the replacement of current technologies and
related energy inputs throughout all energy industries both at the levels of
intermediates and final goods. Furthermore, in one of its reports, the World
Energy Council (WEC) (Hauff et al., 2014: 2) defined Energy Transition as a
fundamental structural change of the energy industry occurring around the
world without any exception. European electricity markets are experiencing
the challenging consequences of this paradigm-shift transition, largely prior
to the rest of the world’s electricity markets. This reality is best expressed in
the World Energy Outlook 2016 (International Energy Agency (IEA), 2016b:
272): “The speed and depth of the projected transition to new renewable energy
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sources in power generation in the EU makes it a living laboratory for other large
economies secking to ramp up variable renewable generation, including China
and the United States” The rapid proliferation of CRMs across Europe can be
regarded as a natural part and/or consequence of this transition.

Unquestionably, the concept of Energy Transition covers much wider issues
but, within the context of this chapter, it is here embraced in terms of the
increasing share of intermittent RESs in generation mixes.

2.1.1 The Rise of Intermittent RESs in Electricity Markets

As can be seen in Figs. 4.1 and 4.2 below, the proportion of wind and solar
power in generation mixes have dramatically increased in most jurisdictions
around the world over the last decade.

Furthermore, within the EU context, intermittent RESs are expected to
correspond to around 94% of total electricity demand in Denmark, 63% in
Ireland, and 53% in the UK by 2030 (Haas et al., 2013: 131). The highly
ambitious 2030 targets (at least 40% reduction in domestic greenhouse gas
emissions, at least 27% improvement in energy efficiency and at least 27%
renewables share of total electricity consumption at the EU level) set out by
the European Council in October 2014 will further increase the share of
intermittent RESs in Member States’ generation mixes, estimated to reach up
to 50% of electricity generation (European Commission, 2015: 3).

The EU regulatory framework for electricity markets has always given spe-
cial attention to RESs to decarbonise electricity markets. It binds Member
States to develop support schemes to increase the share of RESs in general
electricity consumption (Directive 2009/28/EC, Article 3). In line with this
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Fig.4.1 Solar and wind energy—cumulative capacity—share of total—1990-2016 (%).
(Source: Adapted from European Commission, 2018a: 96)
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Fig. 4.2 Regional shares of wind electricity production (2005 and 2015). (Source:
Adapted from IEA, 2017a: 22)
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Fig. 4.3 Regional shares of solar PV electricity production (2005 and 2015). (Source:
Adapted from IEA, 2017a: 24)

binding rule, Member States have developed a range of support schemes for
RESs. In company with the increasing utilisation of RESs in electricity gen-
eration, the policy of supporting intermittent generation has achieved out-
standing success in Europe (Ragwitz et al., 2011: 8). Figure 4.3 below
illustrates how this success has evolved in the 28 EU Member States between
1990 and 2016.

Another estimation suggests that the percentage of RESs in electricity gen-
eration within the EU will rise from 21% in 2010 to 34-36% by 2020 (Haas
etal., 2013: 125). For instance, in Germany, the share of RESs in generation
is expected to reach 42% by 2020, of which the largest proportion of this
increase belongs to offshore and onshore wind (Bauknecht et al., 2013: 171).
Of course, these successes have an alternative cost for European electricity
markets, particularly in terms of generation adequacy. These statistics and
expectations reveal that generation adequacy concerns will be even worse in
both Europe and the world due to the rise of intermittency. The rising share
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of intermittent RESs in generation mixes has created a new kind of challenge
called flexibility for ensuring generation adequacy.

When the share of intermittent RESs was marginal in general electricity
consumption, the focus was on how to promote RESs in an effective and
efficient way (Bauknecht et al., 2013). However, this focus has shifted to the
question of how rising intermittency in electricity markets affect the whole
electricity system (Bauknecht et al., 2013). Given the rising share of RESs in
general electricity consumption, the risks faced by TPPs are now considerably
different to those they faced in the past. Meyer et al. (2014: 2-3) showed two
outcomes of the rising share of RESs: First, the increasing share of RESs pro-
duces merit order effect which pushes TPPs, especially gas-power plants, out
of merit order; and, second, constraints on the operating hours of existing
TPPs means that they run far less frequently than before. In the literature, the
effect of RESs on the operating hours of TPPs is known as the merit-order
effect, which means that as the share of RESs increases in generation mix, it
pushes TPPs in the right direction on merit order (Sensfuf et al., 2008;
Nicolosi and Fiirsch, 2009).

2.1.2 Why Intermittent RESs Cannot Ensure Generation
Adequacy?

The reason why intermittent RESs exacerbate generation adequacy concerns
is that neither wind nor solar power can supply firm capacity and they can
therefore substitute only a small part of conventional generators such as coal
and gas plants (Cramton et al., 2013: 40). Firm capacity can be defined as the
amount of energy that must be guaranteed to be available at a given time
(Energyvortex.com, n.d.). Moreover, intermittent RESs increase price volatil-
ity, reduce general price levels and deteriorate the capacity utilisations of TPPs
(Cramton et al., 2013). In line with this argument, Bauknecht et al. (2013:
191) explained the detrimental effect of intermittent RESs for generation
adequacy from two perspectives: (1) The dominance of intermittent RESs in
electricity markets increases the unpredictability of supply. The higher the
share of intermittent RESs, the more vital it is to deliver for adequate volumes
of reliable backup or storage capacity to overcome the risk of a gap in RES
supply; and (2) With an increasing share of RESs, the utilisation rates of TPPs
decrease, leading to even higher peak prices to compensate for invest-
ment costs.

In one of its reports, the IEA puts forward that intermittent RESs
including solar and wind have five basic differences from TPPs (IEA,
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2016a: 20): (1) Their generation levels fluctuate depending on the real
time availability of sun and wind; (2) These fluctuations can only be fore-
casted with remarkable success for a few hours ahead, although some fairly
accurate predictions can be made a few days in advance; (3) Their connec-
tion to the grid needs a different type of technology called converter tech-
nology which is relevant especially in terms of electricity system stability,
for instance, after an unforeseen shutdown of a generator; (4) They exhibit
a much larger footprint (in terms of size of the power plant) in compari-
son to TPPs, and are located at a considerable distance from each other
again in comparison to conventional power plant; and (5) Unlike fossil-
based energy sources, these resources cannot be transported, and the siting
(location) of such plant where they can attain the best level of availability
are typically far from consumers. In terms of this chapter, the first two
differences regarding intermittent RESs are more relevant since these dif-
ferences indicate the lower level of reliability of these resources when com-
pared to TPPs. The reason behind this is that the firm capacity of
intermittent RESs is considerably low, which makes these sources less reli-
able. As noted by Haas et al. (2013: 130), large intermittent RESs capac-
ity investments do not automatically convert into generation owing to the
lower capacity factors of wind and solar powers; that is, a normal wind
farm may work around 1,800-2,300 hours in a year while a solar power
generator may work about 800-1,200 hours in a year, depending on the
location. Here, capacity factor can be defined as the percentage of average
working hours of a power plant in a year (IEA, 2017b: 10).

For instance, while the capacity factor of a solar power plant lies between
10-30%, wind plants’ capacity factor ranges between 20-50% (IEA, 2017b).
Therefore, according to an analysis, each MW of wind capacity commonly
needs 1 MW of back-up capacity to guarantee 90% availability (Cailliau
et al., 2010: 8). Of course, since electricity systems are not mostly island sys-
tems, the argument of “I MW wind capacity needs 1 MW back-up” can be
changed through increasing interconnections, developing storage facilities
including pump hydro storage, district heating systems, electric vehicles and
demand side management mechanisms such as interruptible supply contracts
(Cailliau et al., 2010). However, it is still a true fact that intermittent RESs
need a high level of back-up capacity. In another study, it was stated that “zbe
level of firmness [...] of intermittent energy sources is quite limited (5—10% max-
imum) which means that they can be considered as energy sources but not as
capacity suppliers.” (Cailliau et al., 2011: 12). Furthermore, the same study
provides a stunning example:
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[A] system with a peak demand of 40,000 MW, and without any intermittent
RES capacity, would require 44,000 of installed conventional capacity with
high level of firmness to guarantee a 10% reserve margin over peak demand. If
the same system included 20,000 MW of wind with a capacity credit of
2,000 MW (10%), then there would still be a need for 42,000 MW of conven-
i.e. hardly less con-

tional firm capacity to guarantee the 10% reserve margin
ventional capacity than in the previous system without wind generation.
(Cailliau et al., 2011: 12)

Of course, these calculations about back-up capacity requirement for inter-
mittent RESs can vary from situation to situation. For instance, the IEA notes
that capacity credits of intermittent RESs are changed based on different fac-
tors such as season, location, and generation mix (IEA, 2017b: 10). However,
at the end of the day, it is clear that these sources are considerably less reliable
than TPDs.

2.2 Changing Role of Thermal Power Plants: From Base-
load to Flexibility Providers

Once upon a time, TPPs including coal and gas power plants were designed
and established to serve as base or mid load plants. But this situation has been
fundamentally changed in recent years through the increasing growth of
intermittent RESs in Europe. The profitability of TPPs has substantially
decreased in recent years. On this issue, Vanderberghe and Gonne (2015:
244) claimed that because of generously supported intermittent RESs and its
damaging effect for particularly large scale and flexible gas power plants, a
new type of missing money problem has occurred. To give some concrete
examples, between 2008 and 2013, the average utilisation of TPPs decreased
from 50% to 37% due to massive increases in renewable energy investments
as well as the world-wide economic crisis (Coibion and Pickett, 2014: 3).
Caldecott and McDaniels (2014: 5) showed that base-load plants, including
especially gas power plants, built with the expectations of high running hours
had continuously low or even negative spark spreads because of their declin-
ing running hours in line with the increasing share of renewable energy
sources. According to the Special Report on World Energy Investment
Outlook 2014 prepared by the IEA (2014: 113), the 20 largest publicly listed
EU udilities lost about 85% of their combined net income between 2009 and
2013. As a result of decreasing operating hours, competitive coal prices, low
carbon and wholesale electricity prices, even high-efficiency gas power plants
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have not been able to reimburse their capital costs since 2011 (IEA, 2014:
114). Hence, many TPPs in Europe have decided to mothball or permanently
retire earlier than their capital costs are recovered. For instance, it is said that
24 GW of thermal power plant in the EU was mothballed and 7 GW decom-
missioned in 2013 (Coibion and Pickett, 2014: 3). In the same direction,
Caldecott and McDaniels (2014: 12) have argued that ten utilities in the EU
declared the mothballing or closure of 20.08 GW of gas-power plants in
2012-2013 alone.

Contrary to the facts above, the importance of TPPs, especially gas-power
plants, is gradually increasing due to the fact that these power plants provide
flexibility which is a vital product in such electricity markets dominated by
intermittent electricity sources rather than TPPs. Gonzalez-Diaz (2015: 5-7)
argued that the rising share of RESs in generation mixes pushes TPPs out of
merit-order; however, since RESs cannot provide reliable electricity, TPPs
must be in the system as a back-up and flexible capacity source to ensure gen-
eration adequacy. In other words, TPPs have become indispensable elements
of the Energy Transition due in large part to the flexibility that they can provide.

3 Critical Bridges of EU Energy Transition:
Capacity Remuneration Mechanisms

Until now, the discussion has focused on the issues of why the profitability of
TPPs have decreased and why they are critical for generation adequacy in the
process of Energy Transition. At this point, an important question comes up:
How can the economic life of TPPs be maintained? Unquestionably, more
than one method can be developed to increase or maintain the profitability of
TPPs. CRMs are one such methods. Within the context of this chapter,
CRMs are analysed below as a way of keeping TPPs online in electricity mar-
kets during Energy Transition.

3.1 What are Capacity Remuneration Mechanisms?

CRMs are regulatory tools to provide incentive-based guarantees for investors
to help their long-term investment decisions. These tools manage and
coordinate new investment decisions to attract new capacity resources and
guarantee that adequate generation capacity will be available when they are
needed at any time (Ausubel and Cramton, 2010: 195). According to Ausubel
and Cramton (2010: 195), these markets can solve three basic problems: mar-
ket power, risk, and investment. In this sense, it can be said that the basic
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purpose of all types of CRMs is to attract adequate investment for generation
adequacy in the long-run. Before liberalisation, there was virtually no concern
regarding who will ensure generation adequacy in electricity markets. In a
vertically integrated electricity market structure, reliability was monitored via
centralised planning. Hence, there was no need to deal with the different
dimensions of reliability mentioned above (see Table 4.1) separately and there
was no requirement to think about the issue of responsibility. Liberalisation,
nonetheless, has brought about a new challenge regarding the ability of mar-
kets to ensure long-term generation adequacy. As the process of liberalisation
has continued, responsibility between states and markets regarding generation
adequacy have become gradually vague.® A significant number of scholars
including Besser et al. (2002), De Vries and Hakvoort (2004), Joskow (20006),
De Vries (2007), Finon and Pignon (2008), Ausubel and Cramton (2010)
and Rodilla and Batlle (2013) analysed this issue. All of them, more or less,
agreed that several market imperfections which characteristically pertain to
electricity markets prevent energy-only markets from providing sufficient
generation adequacy. These market imperfections can be summarised as the
missing money problem, market power and entry barriers, the boom-and-
bust cycle problem, lack of long-term contracts and inelastic demand struc-
ture. In addition to these economic-based realities mentioned above, Besser
et al. (2002: 53-54) called attention to the political economic dimension of
electricity markets, noting that “[u]nfortunately, given the level of effort that has
been expended, the question of the need for, desirability, and/or appropriateness of
capacity obligation as a separate element of a competitive electricity market cannor
be answered solely through economic theory”. It is a well-known fact that elec-
tricity as a public utility is not generally seen as a standard commodity or
service, because a dramatic price rise or a sudden blackout or other failures in
electricity markets can adversely affect the political position of politicians,
unsurprisingly more so than for other sectors. On this point, Rodilla and

3For further discussion regarding how liberalisation have affected the responsibility between states and
markets and definitions of energy security of supply, see Cameron, PD. 2007. Competition in Energy
Markets: Law and Regulation in the European Union. New York: Oxford University Press; Egenhofer et al.
(2004). Marker-Based Options for Security of Energy Supply. http://host.uniroma3.it/dipartimenti/econo-
mia/pdf/FEEM_117-04.pdf; Jamasb, T. and Pollitt, M. 2008. Security of Supply and Regulation of
Energy Networks. Energy Policy 36: 4584-4589; de Jong, J., Maters, H., Scheepers, M. and Seebregts, A.
2006. EU standards for Enegy Security of Supply. https://www.ecn.nl/docs/library/report/2006/c06039.
pdf; Lieb-Déczy, E., Bérner, A.R. and MacKerron, G. 2003. Who Secures the Security of Supply?
European Perspectives on Security, Competition, and Liability. Electricity Journal 16: 10~19; Rutherford,
J.P, Scharpf, E.W. and Carrington, C.G. 2007. Linking Consumer Energy Efficiency with Security of
Supply. Energy Policy 35: 3025-3035; Sauter, W. and Schepel, H. 2009. State and Marker in European
Law: The Public and Private Spheres of the Internal Market before the EU Courts. Cambridge: Cambridge
University Press; Wright, P 2005. Liberalisation and the Security of Gas Supply in the UK. Energy Policy
33:2272-2290.
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Batlle (2012: 182-183) rightly drew attention to politicians™ risk aversion
regarding electricity markets in which any shortage of electricity, as an essen-
tial good, may have significant social and political outcomes.

Due to market imperfections and the risk averse characteristic of politicians
indicated above, several types of CRMs have been developed to date. In broad
terms, they can be grouped depending on whether they are price-based or
quantity-based. Quantity-based mechanisms can be further classified as
market-wide or targeted mechanisms (Table 4.2).

Table 4.2 Taxonomy of CRMs

Price/Volume Types of

based CRMs Definition
Price based  Capacity This is a price-based measure in which capacity
payments providers get a fixed amount of payments in

addition to revenues earned from energy sales in the
market. The amount is determined by an
independent authority in the expectation that it
enhances the incentives to attract new investment
and/or maintain existing capacity. Capacity payments
can be designed as market-wide or targeted.

Volume Strategic This is a targeted measure in which contracted
based reserves capacity is set aside and only bid into market when
the market cannot cover the demand.
Reliability This is a market-wide measure. Roughly speaking,
options reliability options are similar to call options

contracted through centralised auction. Capacity
providers that have reliability options must pay the
difference between spot price and strike price
(determined by an independent authority) whenever
this difference is positive.

Capacity This is a market-wide and decentralised measure

obligations where obligations are imposed on suppliers to

contract for capacity which should be higher than
their expected or contracted consumption or supply
obligations to a certain level. Contracted parties
must make the contracted capacity available during
scarcity periods, defined by an administrative body
or market prices.

Capacity This is a market-wide mechanism in which total

auctions required capacity determined by an independent

authority is procured through a centralised auction.
Capacity auctions can be conducted year-by-year or
for forward capacity. Contracted parties must make
the contracted capacity available in compliance with
the terms of the contract.

Source: Agency for the Cooperation of Energy Regulators (ACER) (2013b), Barth et al.
(2014), Tennbakk et al. (2013), Sahin (2017)
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3.2 The Story of Capacity Remuneration Mechanisms
in the EU

The story of CRMs in the EU mainly started at the beginning of this decade.
Of course, this does not mean that there were no previous discussions regard-
ing CRMs in any Member States. Capacity payments as a type of CRM has
been implemented in different EU countries such as the UK, Spain, Portugal,
Italy and Ireland at different times over the last decades. Liberalisation and
increasing integration in European electricity markets has revealed new chal-
lenges for generation adequacy (European Commission, 2013: 2). Contrary
to popular belief, rising concerns regarding generation adequacy in the EU are
not primarily about shrinking reserve capacity (or, capacity margin) in elec-
tricity supply. For instance, in 2013, the margin was highest in Denmark,
Spain, Italy and Portugal while it was smallest in Belgium, Croatia, Poland
and Sweden (European Commission, 2016: 16). However, the level of reserve
margin itself does not show that generation adequacy can be ensured without
any challenges. At this point, the missing money problem, as in other parts of
the world, appears as the main cause of the increasing generation adequacy
concerns in the EU. Additionally, a range of interrelated policy developments
including the rising share of intermittent RESs in Member States’ generation
mixes, low carbon prices, decreasing growth of electricity demand due to the
world-wide economic crisis, the competitive advantage of coal against natural
gas and low wholesale electricity prices (23% below than needed in 2013)
(IEA, 2014: 91) have exacerbated the missing money problem. Some authors
(Coibion and Pickett, 2014: 2; Roques, 2014: 79) define the combined effect
of these policy developments as a “perfect storm”. It can be discussed that
among these policy developments that ignited the missing money problem,
the increasing share of intermittent RES in Member States’ energy mixes
seems the most serious challenge that should be overcome. Other challenges
mentioned above can be seen as cyclical or can be solved through some rela-
tively easier regulatory changes; however, intermittent RESs cause mainly
structural problems.

Due to the abovementioned perfect storm, many researchers (Bauknecht
et al., 2013: 185; Haas et al., 2013: 143; Keay et al., 2013: 55; Newbery,
2013: 10; Glachant and Ruester, 2014: 1) have noted that the current elec-
tricity market structure is not sufficient to maintain a certain level of security
of supply. For instance, although Glachant and Ruester (2014: 1) empha-
sised the achievements of the liberalisation movement in EU Electricity
Markets in recent decades, they also argued that unexpected developments in
the EU Electricity Markets such as an increasing share of intermittent RESs,
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decreasing working hours of TPPs while increasing needs for flexibility and
decentralisation of electricity generation have created tough challenges that
the current electricity market design of the EU cannot overcome. Similarly,
Keay et al. (2013: 55) argued that:

[...] existing markets will not generate the level of and types of investment
which many governments are aiming at. It is difficult for those governments to
find market-friendly measures to guide investment; low-carbon generation
tends to be unattractive to investors because of its inflexibility, high levelized
costs, and capital intensity.

Not only academic papers but also reports prepared by national and suprana-
tional institutions have highlighted the inadequacy of current electricity mar-
kets against emerging challenges. In its press release, Office of Gas and Electricity
Markets (OFGEM) (2010: 1) indicated that “[t]he unprecedented combination
of the global financial crisis, tough environmental targets, increasing gas import
dependency and the closure of ageing power stations has combined to cast reasonable
doubt over whether the current energy arrangements will deliver secure and sustain-
able energy supplies”. Similarly, the Agency for the Cooperation of Energy
Regulators ACER (2013a: 8-9) noted that energy-only markets could deliver
generation adequacy if electricity prices in the market were allowed to move
freely in compliance with the law of supply and demand, that demand was able
to respond to short-term price signals and, at scarcity times, prices could rise up
to the level of value of lost load (VOLL) as well as a stable policy and regulatory
regime would give confidence to investors. Actually, ACER (2013a) here
repeats what the theory says. However, after saying this, ACER (2013a) stated
that it is aware that, under the current situation, these conditions may not
always be met because of the two reasons set forth below (ACER, 2013a: 9):

* 'There is a considerable intervention in power pricing by putting price caps
implicitly or explicitly, as continued high prices and frequent price spikes may
be politically unacceptable.

* 'There is a limited demand-side participation although different regulatory
frameworks and technics can be put in place to foster it.

Therefore, ACER (2013a: 9) indicated that:

[I]n practice, as long as the conditions outlined above are not met, there is no
guarantee, even once the EU electricity market integration process is completed,
that energy-only market will be able by itself to deliver the required level of
resource adequacy and system flexibility.
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Due to these reasons, a great number of Member States have established some
kinds of CRMs in their jurisdictions for the sake of generation adequacy since
the beginning of this decade.

3.3 Why are Capacity Remuneration Mechanisms
Bridges of the EU Energy Transition?

It was argued above that energy-only markets may not address generation
adequacy concerns. Energy Transition have exacerbated generation adequacy
concerns. Therefore, many types of CRMs have been established in the EU
countries since the first half of this decade. There is no uncertainty that CRMs
are directly related to ensuring generation adequacy. The main reason for the
establishment of CRMs is to attract adequate new capacity investment or to
sustain existing capacity resources enough profitable in order to keep the
lights on in the long run.

TPPs, which have had enough reasons to complain about decreasing profit-
ability even under the conditions of energy-only markets, need to develop
alternative business models in the atmosphere of uncertainty brought by the
process of Energy Transition. Indeed, the economic bottleneck in which TPPs
are increasingly continues. According to Waldron and Nobuoka (2017),
Energy Investment Analysts at the IEA, “[r]ecent financial performance of
European utilities reflects these trends. In 2017, the aggregate earnings of the top
twenty utilities likely continued to decline, to around 35% lower than in 2012”.
In a similar vein, the European Commission (2018b: 2) indicated in its
Quarterly Report on European Electricity Markets (first quarter of 2018) that
despite declining coal and steady gas prices, profitability of gas and coal power
plants further worsened in Q1 2018 in many EU Member States. Additionally,
the second quarter of the same report (European Commission, 2018c: 2)
noted that “coal and gas consumption in power generation in the EU fell further
in Q2 2018, as increasing coal, gas and carbon prices did not contribute to any
improvement in the profitability of fossil fuel technologies”. Under these circum-
stances, then, it is not difficult to predict that the economic situation of TPPs
will not change for the better if indeed it does not worsen. So, a wait-and-see
attitude can be devastating for TPPs which, as discussed, have a critical impor-
tance in the process of Energy Transition. For this reason, the existence and
development of CRM is vital for both TPPs to sustain their economic lives
and for the process of Energy Transition to proceed in a healthy manner. On
this issue, when Michael Pollitt, one of the most distinguished experts in elec-

tricity markets, said that “[...] by providing support for fossil fuel capacity,
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capacity markets allow EU countries to go higher percentages of renewable energy
production” (Euractiv, 2018: 8). Further, he noted that “[...] capacity markets
have gone along with commitments to reduce fossil fuel energy shares. So this may
be the price that we have to pay” (Euractiv, 2018: 9).

It is understood that Energy Transition in electricity markets need TPDPs,
and TPPs need CRMs in order to increase the share of RESs without any
anxiety concerning generation adequacy when there is no available solar or
wind power (Euractiv, 2018,: 9). Therefore, there is a situation of mutual
interdependence. Actually, CRMs in Europe seem to fit perfectly with the
changing role of TPPs in such an electricity market structure dominated by
intermittent RESs. This argument was neatly put into words by Bauknecht
etal. (2013: 191), that in an electricity market led by RESs, the role of TPPs
shifts from base load supply to becoming a capacity reserve so as to take action
where RESs cannot supply adequate electricity. In this sense, as noted by
Gonzalez-Diaz (2015: 30), CRMs can be seen as bridges of Energy Transition.
Gonzalez-Diaz (2015: 30) indicated that CRMs “take on board the fundamen-
tal task of bridging the EU environmental ambitions with security of supply”. It
is obvious that without the bridges of CRMs, the huge waves created by
Energy Transition may not be overcome.

4 Conclusion

This chapter has argued that TPPs are crucial elements of Energy Transition
to provide flexibility which is increasingly important in electricity systems
dominated by intermittent RESs. First, the question of what Energy Transition
is was briefly analysed. This question was basically handled within the context
of increasing shares of RESs in generation mixes. This chapter also examined
why intermittent RESs cannot contribute to generation adequacy as much as
TPPs. Within this understanding, the changing role of TPPs in the process of
Energy Transition was addressed. Following these discussions, the issue of
why CRMs have been established or are being established in Member States
were thoroughly addressed. At the end of the discussion, it is concluded here
that CRMs are bridges of Energy Transition that help the transformation of
electricity markets from a centralised and mainly fossil-fuel based structure to
a decentralised structure allowing RESs to dominate and consumers to par-
ticipate. They are necessary to sustain TPPs and, hence, to reach the aims of
Energy Transition including a low, if not zero, carbon future.

As a last but highly crucial word of this chapter, it should be stressed that
CRM:s are not and should not be there to support outdated, fruitless and
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environmentally hazardous TPPs, even for the sake of generation adequacy.
On the contrary, CRMs should be designed as enablers of the process of
Energy Transition. The role of enabler for CRMs is fundamentally dependent
upon the ability and intention of their designers. As long as CRMs are
designed in a friendly manner with Energy Transition clearly in mind, they
will be one of the most vital elements of this critical process for electric-
ity markets.
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China’s Efforts to Constrain its Fossil Fuel
Consumption

Philip Andrews-Speed

1 Introduction

China is the world’s largest consumer of commercial energy, accounting for
23% of the global total in 2017. Some 86% of this consumption is in the form
of fossil fuels, down from 95% in 1990. However, the total consumption of
energy has risen more than fourfold over this period, leading to a fourfold
increase of fossil fuel combustion (Fig. 5.1). As energy consumption has risen,
so have carbon dioxide (CO,) emissions (Fig. 5.2). This rapid growth of energy
demand was driven by a booming economy with a strong heavy industry. The
size and mix of its energy consumption makes China the largest emitter of
CO,, accounting for an estimated 27% of the world’s CO, emissions from
energy (BP, 2018). At the same time, air pollution has worsened to such an
extent that its mitigation has become a high political priority for the government.

In response, the government has promulgated a series of policies, notably
since 2003, intended to constrain coal consumption, promote the use of non-
fossil fuels, and enhance energy efhiciency. As a result, China now has the
world’s largest installed capacity of hydro-electricity, wind and solar energy, as
well as the fastest growing fleet of nuclear energy plants. The government has
combined massive investment in clean energy infrastructure with measures to
constrain the production and consumption of coal and to drive down energy
intensity. The simultaneous slowing and rebalancing of the national economy
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Fig. 5.1 China’s primary energy consumption mix (1990-2017). (Source: Data adapted
from BP, 2018)

led to coal consumption and carbon emissions from energy to peak over the
years 2013 and 2014, though they picked up marginally in 2017. Furthermore,
Chinese manufacturers have taken the world by storm to become the largest
suppliers of renewable energy equipment, notably solar photovoltaics (PV), as
well as the dominant constructors of hydroelectric dams. Despite these
achievements, the switch away from fossil fuels is likely to remain slow but
steady for as long as the economy continues to grow at current annual rates
of about 6%.

The aims of this chapter are to examine a selection of these policy pro-
grammes in order to identify the sources of success, as well as the limitations
and unintended consequences, and to provide a prognosis for the future.
China’s strategy for shifting away from and improving the use of fossil fuels
has a number of different components. The most relevant to this chapter are:
Improving the efficiency of coal-fired power stations and industrial plants;
Switching from coal to gas; Testing carbon capture and storage or use; and
Boosting the share of low-carbon energy sources in the power sector.
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The transport sector accounts for about 10% of China’s primary energy
consumption and is another significant user of fossil fuels. Oil consumption
for transport increased threefold between 2000 and 2015 (International
Energy Agency (IEA), 2017). Although China is pushing ahead relatively rap-
idly with the development of electric vehicles, fossil fuels will provide much
of the electricity required. Natural gas and biofuels are also starting to make
inroads into the fuel mix for transport. Due to the complexity of these trends,
the transport sector lies beyond the scope of this chapter.

The first two sections of this chapter set the scene by first describing the
wider context of governance in China and then explaining the energy policy
challenges facing the government and the responses. The succeeding sections
analyse in more detail the progress of policies to reduce the role of fossil fuels,
especially of coal, looking in turn at reducing coal use, boosting gas consump-
tion, testing carbon capture, and promoting low-carbon electricity.

The chapter concludes that the further reduction of fossil fuel consumption
will be a gradual process relying on sustained government support for alterna-
tive forms of energy and pressure to reduce the use fossil fuels. Many forces
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are aligned against these trends, not least the coal and power companies and
local governments, as well as energy consumers that value the low cost of coal.
It is not evident that the planned national emissions trading scheme will
address these obstacles effectively, given the continuing state ownership of
most major energy producing and consuming enterprises.

2 The Governance Context

China is a Leninist state led by a strong Communist Party. Since 1949 the
party-state has built substantial capacity to govern the country and, using the
terminology of Douglass North et al. (2009), may be regarded as a mature,
limited access social order (Andrews-Speed, 2012). Despite its primacy, the
Party, acting through the government, has never really possessed a monopoly
on power. Its capacity for formulating and implementing policy remains
highly constrained by the structures of government, the distribution of power
within and outside government, and the processes that govern policy-making.
Since 1978, the central government has progressively delegated substantial
policy-making powers to the provinces and lower levels of government, par-
ticularly to the counties that have gained considerable influence over policy
implementation (Lieberthal, 1995; Zheng, 2010).

The difhculties faced by the central government in formulating and imple-
menting policy are captured by terms such as ‘fragmented authoritarianism’
(Lieberthal and Oksenberg, 1988) and “polymorphous state” (Howell, 2006).
These expressions reflect the multiplicity of vertical and horizontal lines of
authority within government, combined with the poorly defined and overlap-
ping responsibilities of individual agencies, and the influence of state-owned
enterprises. This structural complexity is exacerbated by the preference for
decision-making through consensus, poor coordination between government
departments, and a tendency for agencies to avoid making difficult decisions
by passing the problem up the hierarchical tree. These features characterise
what can be termed the ‘institutional environment (Williamson, 2000),
namely the political and economic systems, the bureaucratic structures and
systems of government, and the formal allocation of powers between different
levels of government. Also, of great significance are the features of the law
relating to property rights, contract and dispute resolution, the systems for
policy-making and implementation, and the role of civil society and the
media (Andrews-Speed, 2012, 2016).

China’s economy has undergone an almost complete transformation since

Deng Xiaoping began his strategy of progressive liberalisation in 1978. Before
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that time, the central government planned all production and consumption.
Despite the widespread demise of state ownership of industrial enterprises,
the government has kept control over a small number of sectors that it per-
ceives as having strategic economic importance (Li, 2015). These include
banking, energy, teleccommunications, mining, metallurgy, chemicals
and railways.

The major economic challenge facing Xi Jinping’s government in 2013
arose from the economic stimulus package launched in 2009 by the previous
administration to address the impact of the global financial crisis. The four
trillion Yuan stimulus led to massive overinvestment in industrial capacity
and subsequent oversupply in a wide range of commodities and goods. Just as
significant, the surge in heavy industry output exacerbated the already bad air
pollution and enhanced the level of carbon emissions. As a result, the admin-
istration that took over in 2013 faced the twin challenges of economic adjust-
ment and pollution abatement (Dittmer, 2017). Economic adjustment
involved allowing the economy to slow down by constraining the use of stim-
ulus measures and rebalancing the economy away from heavy industry toward
services through the enforced closure of excess and inefhicient industrial capac-
ity. The aim of this process is to achieve the new normal. In turn, the closure
of old, polluting plants, along with other measures, is intended to reduce air
pollution. In line with this move to a ‘new normal’, further economic priori-
ties for the government have been to enhance the role of market forces in the
allocation of goods and resources, to increase the role of non-state finance in
industry, and to selectively merge state-owned enterprises.

The governance of the energy sector today has its origins in the Marxist-
Leninist system put in place by Mao after 1949. At that time, the state took
full control of the sector through the planning of production and consump-
tion, ownership of the main energy producing and consuming enterprises,
and control over producer and consumer prices (Andrews-Speed, 2004;
Kambara and Howe, 2007). The processes of enterprise privatisation and
market liberalisation in the energy sector have been slow and hesitant, with
decisive steps being taken only in the period 1997-2003 (Andrews-Speed,
2012) and more recently under Xi Jinping.

The key government agency overseeing the energy sector is the National
Development and Reform Commission (NDRC), in part through its subor-
dinate National Energy Administration (NEA). It retains oversight of invest-
ment in the energy sector, though considerable authority has been delegated
to the provinces, continues to set some energy prices, and retains the role of
formulating and overseeing the implementation of key energy policy
initiatives.
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Several other agencies have also been involved in the governance of the
energy sector, notably the Ministries of Finance, of Industry and Information
Technology, of Commerce, of Land and Resources, of Water Resources, and
of the Environment, and the State-owned Assets Supervision and
Administration Commission (SASAC) (Fig. 5.3). A National Energy
Commission was created in 2010 but is deemed to have been largely ineffec-
tive (Grunberg, 2017). Some level of coordination is provided by the Leading
Group on Climate Change, Energy Saving and Emission Reduction that is
chaired by Premier Li Keqiang. Despite these moves and the growing role of
the Communist Party’s Leading Small Groups, the governance of energy
remains fragmented (Grunberg, 2017). At the same time, there is little separa-
tion of policy-making, design, planning and implementation (Davidson et al.,
2017). The NDRC, the NEA, and these various agencies all have equivalent
bureaus at provincial and lower levels of government that are charged with
adopting, adapting and implementing central government policies.

The government reforms announced in March 2018 (Fig. 5.4) appear to
have slightly reduced the central role of the NDRC and NEA in the gover-
nance of the energy sector. The creation of a new Ministry of Ecology and
Environment is particularly significantas it centralises functional responsibility

National Central
People’s e 4 | Committee of
Congress Communist
Party of China

National
Development and
Reform
Commission

National
Energy
Administration

State-owned Assets
Supervisory and

- . . Ministry of Land
Administration Ministry of and RIZS ources Ministry of
Commission Science and Environmental
Technology Protection
(Enterprises regulated by all of the above)
Coal Electrical power Oil and gas
enterprises enterprises enterprises

Fig. 5.3 Simplified scheme showing the main energy-related organisations and enter-
prises at central government level between 2013 and 2018. All organisations had local
bureaus or subsidiaries at provincial, prefecture and county levels
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Fig. 5.4 Simplified scheme showing the main energy-related organisations and enter-
prises at central government level after March 2018. All organisations had local bureaus
or subsidiaries at provincial, prefecture and county levels

for a variety of environmental issues, including climate change, that were pre-
viously scattered across different agencies.

The state-owned enterprises in the coal, electricity and oil and gas indus-
tries are key policy actors. Each of these industries originated as central gov-
ernment ministries with bureaus at the various lower levels of government.
Gradual structural reforms initiated in the 1980s led to progressive process of
corporatisation, structural unbundling or adjustment, forced mergers, com-
mercialisation, and partial privatisation that continues today. Despite partial
privatisation through initial public offerings, these enterprises retain close
links with government and the Party at either central or local government
levels (Andrews-Speed, 2012). In the past, the Chairmen and CEOs of the
largest energy State-Owned Enterprises (SOEs) could aspire to senior govern-
ment or party positions (Leutert, 2018).
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3 The Main Energy Policy Challenges
and Responses

The ranking of energy policy priorities has changed over the past thirty years
and recently the environment has become as important as security of supply.
The steady evolution of policy has been punctuated by more dramatic shifts
triggered by domestic or international events.

The 1990s was a period of rapid economic reform and opening up to for-
eign investment. Gross domestic product (GDP) was rising at around 10%
per year (see Fig. 5.2), though it declined during the Asian financial crisis of
1997-1998. During the 1990s, the top priority for energy policy was to sup-
ply sufhicient energy, preferably from domestic sources, to support economic
growth. Renewable energy was not a high priority, with the exception of large-
scale hydro-electricity that continued to supply 20% of the nation’s electric-
ity supply.

Following China’s participation in the UN Conference on Environment
and Development in Rio de Janeiro in 1992, the government formally recog-
nised that sustainable development should form an important part of the
national policy agenda (Geall and Ely, 2015). Thus, the 1990s became the
first time that the quality of economic growth and energy supply became a
priority for government, rather than the sheer quantity. This resulted in the
publication of the National Agenda 21 in 1994 and the first National
Sustainable Development Report in 1997.

Security of energy supply rose to the top of the government’s agenda in
2004. The government had launched an economic stimulus package in 2002
that saw GDP growth rates rise above 10%, with a strong contribution from
the energy-intensive heavy industries. Energy demand surged (see Fig. 5.1)
and both energy intensity and carbon intensity started to rise after a period of
decline (Fig. 5.5). A significant proportion of these carbon emissions were
related to exports (Grubb et al., 2015). Energy supply could not keep up with
rising demand and shortages of electricity and oil products started to appear
across the country in 2003.

This was the situation that faced the new government of President Hu
Jintao and Premier Wen Jiabao that took office in 2003. The response was
decisive and vigorous. The Medium and Long-Term Energy Conservation Plan
issued in 2004 set the goal of reducing national energy intensity by 20%
between 2005 and 2010, and to continue this rate of decline until 2020. The
Eleventh Five-Year Plan for Energy Development 20062010 reinforced these
priorities. Specific targets were set for individual energy-intensive industries
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Fig. 5.5 China’s energy intensity per unit GDP and carbon intensity of energy use,
1990-2017. (Sources: Raw data obtained from the following: energy intensity (US
Energy Information Administration, 2018), updated from online press announcements
for 2016 and 2017; carbon intensity calculated from BP, 2018)

and provincial governments, and electricity tariffs rose for industrial and com-
mercial enterprises. The central government supported these and other related
measures with trillions of RMB of financial support. These efforts succeeded
in constraining the rate growth of energy consumption and carbon dioxide
emissions (see Fig. 5.2). They led to the reduction of national energy intensity
by 19.1%, not far below the target of 20% and an impressive achievement.
The degree of decoupling between GDP growth and both energy consump-
tion and CO, emissions jumped significantly (see Fig. 5.2).

From 2005 onwards, the environment became an increasingly important
topic of public debate and of official pronouncements as both global climate
change and domestic environmental degradation were being seen as threats to
national security and societal wellbeing (Nyman and Zeng, 2006). For the
first time, renewable energy became an integral part of energy policy, as
marked by the promulgation of the Renewable Energy Law in 2005. This was
followed by the Climate Change Law in 2007, soon after China was identified
as the world’s largest emitter of greenhouse gases. Two years later, at the United
Nations Climate Change Conference in Copenhagen, China announced that
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it would reduce its carbon emissions intensity by 40—45% between 2005 and
2020. These interventions led to an acceleration of the share of non-fossil
fuels in primary energy supply (see Fig. 5.1) and electricity supply (Fig. 5.6).

Whilst climate change had reached the forefront of international discourse
relatively recently, air pollution had long been an issue of concern within
China. The government started to take steps to address air pollution from coal
combustion back in the 1980s and these measures steadily intensified over the
succeeding two decades. By 2005, policies included raising the levy for sul-
phur dioxide (SO,) discharge, closing small and ineflicient thermal plants,
supporting the construction of highly efficient coal-fired plants, enforcing the
installation and use of flue-gas desulphurisation (FGD) equipment, and con-
straining the mining of high-sulphur coal (Finamore and Szymanski, 2002).
This led to a steady decline in SO, and related emissions. However, the eco-
nomic stimulus that followed the global financial crisis brought a halt to these
improvements. In the winter of 2011/2012, the public outcry at the worsen-
ing air pollution in some of China’s major cities appeared to threaten the
legitimacy of the Communist Party. The government responded in 2013 with
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Fig. 5.6 China's electricity supply mix—fossil and non-fossil fuels (1990-2017). (Source:
Data adapted from BP, 2018)
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a National Action Plan on Air Pollution Control. This set a number of quantita-
tive targets to be achieved by 2017 and a range of measures to help achieve
these goals. These included constraining coal consumption, enhancing the use
of natural gas, and continuing to boost the share of non-fossil fuels in the
energy mix. In 2018, the battle to reduce air pollution remains high on the
government’s agenda, even at the cost of soaring liquefied natural gas imports
needed to replace coal in northern China.

3.1 Improving Coal Use

In 2017, coal provided about 60.5% of China’s primary energy consumption
(BP, 2018). This was a significant decline from around 75% in the early and
mid-1990s. Although annual coal demand has fallen from a peak of 3,970
million tonnes in 2013 to 3,815 million tonnes in 2017, the nation still
accounts for 50% of world’s consumption (BP, 2018). About half of this coal
is used for power generation and most of the balance is consumed by industry
(IEA, 2017). Despite the growing importance of low-carbon electricity, coal
still accounts for 67% of the country’s electricity generation, down from 75%
in the 1990s (BP, 2018). Coal continues the dominant feedstock due to the
country’s vast natural endowment, though natural gas is starting to play a
minor role today. In the same way, coal has been the fuel of choice for many
industries, especially the energy intensive ones such as steel, non-ferrous met-
allurgy, cement, and plate glass. Coal is also a feedstock for some chemical
processes such as the manufacture of synthetic nitrogenous fertilizer.

The energy supply crisis of the early 2000s triggered a succession of mea-
sures to curb energy consumption across the economy, with a particular
emphasis on heavy industry and the power sector. Measures specific to coal-
fired power generation were wide ranging and had the aim of reducing aver-
age coal consumption in thermal power plants from 392 gce/kWh in 2000 to
320 gee/kWh in 2020 as well as reducing air pollution (Mao, 2009; Ma and
Zhao, 2015; Yuan et al., 2016a):

* Banning the constructing of plants with a capacity of less than 135 MW/

* Decommissioning plants below 100 MW capacity and replacing small-
scale plants with large-scale ones;

e DPrioritising the construction of plants of 600 GW capacity or larger, and
the deployment of supercritical and ultra-super critical technologies;

* Upgrading older plants that had not been closed; and

¢ Building more combined heat and power (CHP) capacity.
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In support, the 12th Five-Year Plan for Energy Science and Technology
Development 2011-2015 and the 13th Five-Year Plan for Energy Technology
Innovation 2015-2020 both identified supercritical and ultra-super critical
technologies as key priorities, along with integrated gasification combined
cycle IGCC) technology. The policy instruments deployed were mainly
administrative in nature, for example through the centralised approval process
for investment and through energy efficiency benchmarking (Na et al., 2015).
Financial support was provided through compensation for plant closures and
loans for new capacity that met the technological requirements (Yuan
etal., 2016a).

These measures met with a high degree of success. By the end of 2015 more
than 100 GW of small-scale plants had been closed. In 2016, the National
Energy Administration (NEA) issued a further list of some 70 GW of plants
to be decommissioned by 2020, and later raised this target to 109 GW. In
2017 alone, 65 GW of coal-fired capacity was decommissioned or suspended.
By 2015, China’s fleet included 219 GW of supercritical and 155 GW of
ultra-supercritical plants, and average net coal consumption for thermal
power plants had declined to 315 gce/kWh (Myllyvyrta and Shen, 2016;
Yuan et al., 2016a; Yeager, 2016). A growing proportion of the coal-fired
plants were being built in the north and west of the country, near the coal
mines, to support economic development in these regions, to reduce the
amount of energy used transporting coal, and to constrain air pollution in the
south and east (Myllyvyrta and Shen, 2016).

However, this success was partly undermined by a separate policy decision
in 2013 to relax the need for central government approval for many types of
new infrastructure project, including thermal power plants. This led to a surge
of construction approved by provincial governments that brought 170 GW of
coal-fired capacity online between 2012 and 2015, just as annual demand
growth was slowing from 12% in 2011 to 0.5% in 2015 (Yuan et al., 2016b).
As a result, the average load factor of thermal plants declined from 62% in
2011 to less than 45% in 2015. By this time, a further 200 GW of coal-fired
capacity was under construction and permits had been issued for an addi-
tional 55 GW. In response, the central government took back the approval
process and instructed provincial governments to delay projects that had not
broken ground and to stop approving new projects unless there was a clear
need (Myllyvyrta and Shen, 2016). These measures succeeded in reducing the
number of coal-fired plants commissioned to 47 GW in 2016 and 34 GW in
2017. However, by the end of 2017, the installed capacity of the coal-fired
fleet had reached about 1,100 GW out of a total of 1,670 GW, and 95 GW
of new coal-fired capacity was still under construction (Shearer et al., 2018).
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A side effect of the push for more efficient thermal power stations has been
that construction of massive new capacity over the past few years may lock the
country into coal-fired power for decades (Zhangand Qin, 2016). Alternatively,
if the coal-fired plants become redundant, the power companies and the state
will suffer from substantial stranded costs (Caldecott et al., 2017). Finally,
coal remains the swing fuel in China’s economy. When economic growth or
industrial activity picks up, coal consumption rises, as occurred in 2017.

3.2 Boosting the Share of Natural Gas

Natural gas has a potentially important role to play in China’s clean energy
strategy. In replacing coal, it would reduce both air pollution and carbon
emissions. Until the mid-1990s natural gas played little part in China’s
national energy policy. The discovery of large accumulations of tight gas in the
Ordos Basin of northern China occurred at a time when the country was
starting to become an importer of oil and energy security was rising on to the
central government’s agenda. Further discoveries in northwest China allowed
annual production to grow from 18.5 billion cubic metres (bcm) in 1995 to
51.0 bem in 2005 (Fig. 5.7).

The growing need to reduce air pollution provided a further incentive to
increase domestic natural gas production in order to substitute gas for coal. A
sustained programme of exploration boosted China’s estimated recoverable
reserves of natural gas from 1.4 trillion cubic metres (tcm) in 2000 to 5.5 tcm
in 2017 and production reached 149 bem by 2017 (BP, 2018). Delivery of
this gas to the energy consuming regions of eastern China has required the
rapid construction of a completely new network of domestic gas pipelines.
The most impressive of these are the three West—East pipelines that bring
natural gas from the Tarim Basin of Xinjiang and from Central Asia to the
eastern regions of China.

In order to boost the domestic production of gas, the government has sup-
ported the development of three types of unconventional gas: coal-bed meth-
ane, shale gas and synthetic natural gas. However, none of these forms of gas
have yet to provide a significant contribution to China’s total gas supply. The
year 2017 saw annual production of 7.0 bem for coalbed methane, 9.0 bem
for shale gas, and 2.2 bem for synthetic natural gas (Askei Consulting, 2018;
Liu, C., 2018). This amounted to just 12% of total national gas production.
The pace of development of both coalbed methane and shale gas has lagged

behind the government’s projections because of technical and commercial
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Fig. 5.7 Production and consumption of natural gas in China (1990-2017). (Source: BP,
2018)

challenges, whilst the production of synthetic natural gas poses significant
environmental risks.

Annual consumption of natural gas has risen more than tenfold since 1999
to 240 bem in 2017, with a surge of 30 bem in 2017 alone (see Fig. 5.7). In
order to fill the gap between domestic supply and demand, China has had to
import gas supplies through pipelines and on ships as liquefied natural gas
(LNG). Total imports of natural gas have risen from 1 bem in 2006 to 92 bem
in 2017 (BP, 2018). Pipelines are seen by China’s government as being more
secure than LNG, because the flow of gas is not open to interruption on the
high seas. Central Asia and Russia both contain substantial proven and poten-
tial reserves of gas that can be imported through pipelines and make a major
contribution to China’s gassupply. In2017, Central Asia, mainly Turkmenistan,
provided 35 bem or 90% of the country’s pipeline imports of gas (BP, 2018).
In Russia, progress in developing and exporting gas resources to China has
been slow, despite initial planning and discussions that date back to the late
1990s. Construction of an export pipeline to China began after final agree-
ment was reached in 2011 and is due to be completed at the end of 2019. A
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gas pipeline from Myanmar was commissioned in 2013, and the annual
quantity of gas should reach 10 bem by 2020.

LNG is more cost-effective than pipeline over very long distances. It is also
more flexible, because a buyer of gas can have several suppliers, and more
adaptable to sudden surges of demand, as was seen in 2017. Since 2013, LNG
has consistently accounted for 45-50% of China’s imports of natural gas.
Australia provides almost half of this supply, with Qatar, Malaysia, Indonesia
and Papua New Guinea accounting for most of the balance. Imports of LNG
soared from 34 bcm in 2016 to 52.6 bcm in 2017 (BD, 2018), because of a
push to switch from coal to gas in northern China. By the end of 2017, 15
LNG receiving terminals were operational with an annual capacity of 76 bem.
Current plans would add more than ten terminals by 2020 bringing receiving
capacity to about 110-120 bem.

Despite this rapid rise in consumption, natural gas only contributed 6.6%
of primary energy consumption in 2017 due to the sustained growth of total
energy demand, and only 3.0% of electricity generation (BP, 2018). Urban
residential and commercial sectors dominate the end-use of natural gas,
accounting for 37.6% of the total. The shares taken by industry, power gen-
eration and as feedstock for the chemical industry had reached 30.9%, 19.9%
and 11.6% of national gas consumption respectively by 2017 (Sun, 2017).

The underlying constraint to enhancing the use of natural gas in China lies
in a combination of geology and cost. Little of China’s domestic gas resources
are cheap to deliver to the end-user, because of either difficult geology or
remote location. The growing role of shale gas and coalbed methane will only
add to these costs, as discussed above. The price of imported gas depends on
the contractual terms and can fluctuate with market conditions. Nevertheless,
lictle if any of this domestic or imported gas can compete with coal based on
the cost, in the absence of a price on carbon (Qin et al., 2018).

A further obstacle lies in the dominance of the National Oil Companies
(NOCs), especially PetroChina, in the upstream and midstream of the gas sup-
ply chain (Dong et al., 2017). On account of the geographic distribution of
the gas reserves, PetroChina accounts for about 75% of domestic gas produc-
tion and 80% of the onshore trunk pipelines (Shi and Varium, 2015). A key
problem is third-party access to pipelines. The government issued some gen-
eral guidelines on third-party access in 2014, but these produced little change.
In August 2018, the NDRC issued for public consultation a new set of draft
measures to promote third-party access to oil and gas pipelines (National
Development and Reform Commission, 2018). These contained more detail
on implementation that the previous guidelines. Assuming that these measures
are adopted, much will depend on the availability of spare capacity in
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the pipelines and the rigour with which the measures are enforced. A parallel
approach has been to encourage the NOCs to unbundle their pipeline opera-
tions and sell sections off to private investors, but this has been happening only
slowly. A possible alternative is to gather all the oil and gas pipelines into a
single state-owned enterprise separate from the NOCs (Bloomberg, 2018).
This would represent true unbundling and greatly ease the third-party
access problem.

The challenge of promoting natural gas use was well illustrated in months
leading up to the winter of 2017/2018. Despite sustained efforts by central
and local governments, air pollution levels rose in the first seven months of
2017 in comparison to the same period the previous year. As pollution hit
record highs in the winter of 2016/2017, local governments suspended indus-
trial production, closed schools and reduced road traffic. The government
responded by launching a short-term campaign to accelerate the conversion
of industrial plants and household appliances from coal to natural gas in
northern China. The objective was to convert the heating systems of up to
four million households to natural gas or electricity in 2017. At the same
time, some 44,000 coal-fired boilers were to be scrapped and the sale of coal
in the selected towns and villages banned. The construction of the necessary
pipelines and storage tanks to support this dash for gas was an immense task
with a cost of billions of RMB and could not be completed in the required
time (Sandalow et al., 2018).

Although meeting with considerable success, the impetuous nature of this
short-term gasification plan produced three undesirable consequences. First,
although natural gas is more convenient and cleaner for families, it is more
expensive than coal. Northern China is home to large numbers of low-income
families and the high price of natural gas led many households to reduce their
use of heating. To alleviate such hardship, the government provided a certain
quantity of gas at subsidised prices. Second, many coal-fired heating systems
that were decommissioned had not been replaced by gas-fired ones by the
onset of winter, leaving households without any heating at all. Finally, the
additional call on international markets for gas supplies had immediate effect
on international markets, with Asian spot LNG prices reaching close to US$
11 per million British Thermal Units (mmBTU) in January 2018, up from a
low of less than US$6 per mmBTU in June 2017.
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3.3 Carbon Capture and Storage or Use

Carbon capture and storage or utilisation (CCS/U) has long been seen as a
significant component of global strategy for the low-carbon transition, though
the timing and scale of widespread deployment has failed to meet earlier opti-
mistic projections. Nevertheless, with its large scale of coal consumption,
China should be one of the countries to take the lead in deployment of
CCS/U. Recognising this, the Ministry of Science and Technology included
this technology on its Medium and Long-1erm Plan for Science and Technology
for 2006-2020.

Huaneng Power International commissioned China’s first industrial-scale
carbon capture plant in 2008 (Huang et al., 2010). By the end of 2017, two-
large scale CCS/U projects were under construction and due to be commis-
sioned in 2019 and 2020. Both projects are linked to chemical plants, one for
fertilizer the other for coal-to-liquids. The CO, will be piped to nearby oil
fields for enhanced oil recovery (EOR). A further six projects were under
development, including six power plants. At least three of these will support
EOR, whilst the CO, from another will be sent for deep geological storage
offshore (Liu, H., 2018).

The two key challenges to commercialising CCS/U in China, as elsewhere,
are the cost of capture and the size and proximity of storage or utilisation
options (International Energy Agency, 2016). The cost will depend on a range
of variables including the power plant combustion technology, the quality of
the coal and the plant capacity factor. For post-combustion, amine-based cap-
ture, the cost has been estimated to be around US$ 40/tonne of CO,, though
other techniques may be cheaper (Senior et al., 2011; Hu and Zhai, 2017).
The retrofitting of existing power plants could be substantial. As a result, the
government will need to put in strong incentives for the widespread deploy-
ment of CCS/U, even if the industry brings down the costs (Viebahn et al.,
2015; International Energy Agency, 2016).

The challenge of storage has three components: geological suitability,
potential for revenue generation, and distance (Viebahn et al., 2015). China
hosts a number of petroleum basins that contain oilfields that would benefit
from a supply of CO, for EOR purposes. This will provide revenue for the
carbon capture project and is why most of the early commercial projects are
being aimed at such use. The alternative is storage in saline aquifers. An initial
study suggested that a large proportion of China’s coal-fired plants appear to
be too far (more than 250 km) from suitable storage sites. However,
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considerably more work needs to be carried out to assess the country’s storage
capacity (International Energy Agency, 2016).

4 Promoting Low-Carbon Electricity

Four forms of low-carbon electricity are together providing an increasing
share of China’s electricity supply (see Fig. 5.6). Large-scale hydroelectricity
has long been a stable part of the fuel mix, and nuclear power is set to provide
a significant share of the base load. The installed capacity of intermittent wind
and solar energy has grown rapidly in recent years, though faces serious cur-
tailment challenges.

4.1 Hydroelectricity and Nuclear Power

Hydroelectricity and nuclear energy may be considered relatively clean forms
of electricity in respect of carbon emissions and air pollution, notwithstand-
ing other consequences and risks associated with these sources of electricity.
Both can be constructed at a large scale and are able to form the backbone of
a nation’s electricity supply. As a result, the second half of the twentieth cen-
tury saw China, like many other countries, construct substantial capacity for
hydroelectricity and, more recently, embark on the development of nuclear
energy to support economic development. The gradual emergence of a clean
energy agenda in the early years of this century added a new source of support
for these forms of energy. As a result, hydroelectric power has consistent pro-
vided 15-20% of China’s electricity supply, despite soaring demand growth,
and nuclear power now provides almost 4% (BP, 2018).

The systematic construction of hydroelectric dams date back to the early
years of Communist rule in the 1950s, when large-scale project were built to
supply electricity for industry and, later, small-scale dams were constructed
for the rural population (Xu, 2002). The 1980s saw a shift back to the con-
struction of large-scale dams to support the industrialization and economic
development envisaged by Mao’s successors. As a result, total hydroelectric
generating capacity grew from 20 GW in 1980 to 86 GW in 2002. It was
during this period, that approval was eventually given for the construction of
the 22.5 GW Three Gorges Dam on the Yangtze River (Yeh and Lewis, 2004).
The recent recognition of the need to address global climate change by increas-
ing the use of non-fossil energy sources will see hydro capacity rising to at least
350 GW by 2020. From then on, construction is likely to slow down as the
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capacity reaches its technically and economically feasible limits, which will
probably lie between 400 and 500 GW (Vermeer, 2012; Matthews and
Tan, 2015).

Despite this success in terms of creating power generation capacity, China’s
large-scale dams have created a high level of controversy on account of the
need to displace large populations and the environmental damage, as well as
possible seismic risks (Jing, 1997; Shapiro, 2001). The most notorious is the
Three Gorges Dam on the Yangtze River that was completed in 2006. The
opposition to the project was so great, both inside and outside China that the
World Bank refused to provide financial support. The creation of the reservoir
has caused more than 1.2 million people to be resettled, a process that was
plagued by delays and corruption. In addition, the pollution of the reservoir
water has been much greater than expected (Economy, 2004). Plans to build
dams along the Nu (Salween) River in southwest China has also attracted
opposition from domestic and international NGOs and individual Chinese
activists.

The possibility of developing nuclear power was mentioned in the First
Five-Year Plan of 1953, but then was dropped as attention switched to devel-
oping an atomic bomb (Sovacool and Valentine, 2012). Only in 1978 did the
government formally announce that China would develop civil nuclear energy
(Xu, 2010). This led to the construction of the 300 MW Qinshan I plant in
Zhejiang based on Chinese design, though with key imported components,
and two 944 MW units at Daya Bay in Guangdong Province, of French
design, with China Light and Power of Hong Kong as the joint-venture part-
ner. These plants came into commercial operation in 1994. The government
then decided to build four more plants with designs from four countries:
USA, Canada, Russia and France (Xu, 2010).

In the early years of the twenty first century, the need for large-scale, low-
emission base load triggered a revival of interest in nuclear power, as was the
case with hydroelectricity. The Medium to Long Term Plan for Nuclear Energy
Development 2005-2020 presented the aim of having 45 GW in operation by
2020, with new plants both along the coast and at inland locations experienc-
ing rapid economic growth (Xu, 2010). The target for the year 2020 was
raised to 80 GW in the Five-Year Plan for 2011-2015. By this time, there
were three Chinese companies developing and investing in nuclear power and
the government was providing a feed-in-tariff for nuclear power that was sig-
nificantly above that for thermal power (Rutkowski, 2013).

The Fukushima Daiichi disaster in 2011 brought a temporary halt to this
programme. Construction of all new plants was suspended, all plants in oper-
ation or under construction were subject to a safety inspection and plans to
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construct plants at inland locations were set aside. The government permitted
the construction of coastal plants to restart in late 2012, but it reduced the
capacity target for 2020 to 58 GW, down from 80 GW (Xu, 2014). By the
end of 2017, 35 GW of capacity was in operation and more than 20 GW
under construction (World Nuclear Association, 2018). A large proportion of
these plants are CPR-1000’s which are Chinese indigenous upgrades of the
French designs used at Daya Bay. In addition, a number of third generation
plants were in the final stages of construction in 2018: namely, two
Westinghouse AP-1000s, one EDF European Pressured Reactors, one Russian
VVER-1000, and two Chinese Hualong 1 reactors (World Nuclear
Association, 2018).

China’s programme for nuclear power is by far the most ambitious in the
world. The planned rate of capacity growth may exceed that of the USA at its
peak, which amounted to 42 GWe brought into operation between 1969 and
1977. Even without this rapid expansion, citizens of China and of neighbour-
ing countries would be quite justified in having concerns about the govern-
ment’s ability to regulate the safety of construction and operation of these
plants, and the integrity of the supply chains (Xu, 2014).

4.2 Wind and Solar Energy

China is endowed with rich wind and solar energy resources, but these are
mainly concentrated in the north and west of the country, far from the main
centres of demand in the east. The initial motivations for supporting the
development of wind and solar energy in the 1980s were rural electrification
and poverty alleviation (Pan et al., 2006). The growing recognition of the
health consequences of coal combustion led to environmental concerns
becoming a more significant driver in the 1990s (Yang et al., 2003; Lema and
Ruby, 2007). By the early years of the twenty-first century, further impetus
came from the desire to develop domestic manufacturing capacity in wind
and solar energy (Zhang et al., 2013). As a result, national research and devel-
opment agencies started to direct significant funding to wind and solar energy
from 2001 onwards (Andrews-Speed and Zhang, 2015).

The Renewable Energy Law of 2005 marked a turning point for China’s
renewable energy industry and the start of a period of massive growth. The
new law was reinforced by a number of subsequent policies such as the estab-
lishment of a Special Fund for Renewable Energy Development, successive five-
year plans for renewable energy development with targets for capacity, the
Medium and Long-1erm Plan for Renewable Energy Development 2007 and an
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update of the Catalogue of Chinese High-Technology Products for Export (Zhang
etal., 2013).

Together, these and other policies provided a wide range of incentives for
actors along the full length of the supply chains for wind and solar energy
(Zhang et al., 2013; Andrews-Speed and Zhang, 2015). The Special Fund
provided support for research and development and for manufacturing. The
Ministry of Science and Technology targeted their funding at the develop-
ment of progressively larger wind turbines, from 600 kW in Ninth Five-Year
Plan (1996-2000) to 2-3 MW in Eleventh Five-Year Plan (2006-2010).
Targets were set for installed capacity. Subsidies were available to project
developers for constructing wind farms and to the grid companies for inte-
grating renewable energy. The Renewable Energy Law introduced the concept
of mandatory market share for any generating company with more than
5 GW of total capacity. Grid companies were mandated to provide wind
power and solar PV installations access to the grid, not just connection but
also dispatch and ancillary services. In return, additional costs could be shared
between the grid and end-users. The initial scheme for on-grid tariffs allowed
the tariffs to set by the NDRC or through concession bidding.

The revised Renewable Energy Law of 2009 paved the way for the NDRC
to issue a notice on improving the price policy for wind power generation
through the introduction of feed-in-tariffs. These tariffs depended on the
quality of the regional wind resources. The government introduced feed-in-
tariffs for solar PV in 2011, once the costs of the equipment had declined
sufficiently. Finally, this period saw an increasing use of the Clean Development
Mechanism which had been applied to 568 wind power projects in China by
end of 2010 (Zhang, 2011).

The generous availability of state funds, together with the support of local
governments has led to China becoming a world leader in the manufacturing
and installation of wind energy and solar PV capacity. These incentives
attracted a large number of local state-owned enterprises and private entrepre-
neurs into the manufacturing of renewable energy equipment, leading to
China gaining a 46% share of the global market for solar PV and a 24% share
of the market for wind energy equipment in 2016 (REN21, 2017). China’s
installed capacity of wind energy increased almost tenfold between 2009 and
2017 to reach 163 GW and the capacity of solar PV grew twenty-fold from
2012 to reach 130 GW by the end of 2017 (National Energy
Administration, 2018a).

The main challenges facing wind energy have been grid connection and
curtailment. Between 2006 and 2009, the share of wind energy capacity that
was connected to the grid fell from 81% to 68%. The same period saw a rise
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in wind turbine disconnection and breakdown. The rate of curtailment has
generally been above 10% since 2011, and in 2017 reached 12% or41.9 TWh.
Curtailment rates in 2017 varied from 14% in Heilongjiang Province, 15%
in Inner Mongolia, to 21% in Jilin, 29% in Xinjiang, and 33% in Gansu
(National Energy Administration, 2018b). Solar PV installations have suf-
fered from similar problems. Curtailment of solar PV is particularly promi-
nent in the five underpopulated and remote north-west provinces of the
country, where 40% of the installed capacity is located. Curtailment in 2017
reached 22% in Xinjiang, 20% in Gansu and 9% in Shaanxi. Ningxia and
Qinghai performed better with curtailment levels of 6% (National Energy
Administration, 2018b).

The sources of these deficiencies are multiple and lie in the policy and plan-
ning processes, in certain characteristics of the national electricity sector, and
in the interests of the various actors. Although government carries out plan-
ning, final project approvals are issued at local level. Local economic interests
have led to renewable energy capacity outstripping grid capacity (Davidson
etal., 2017). These challenges have been exacerbated by the focusing of plan-
ning targets on installed capacity rather than electricity delivered, and by the
low level of coordination between the grid companies and the project devel-
opers, with the NDRC failing to exert their authority (Zhang et al., 2013).

Two fundamental features of China’s power industry contributed to the
high level of curtailment. The first was the paucity of flexible power to match
the intermittency of wind and solar energy, arising from the shortage of gas
fired power stations and pumped-storage hydro, and the lack of incentives for
coal-fired stations to increase their flexibility (Zhang et al., 2015; Zhao et al.,
2016; Yin etal., 2017). Secondly, it is difficult to trade power across the coun-
try between balancing areas, as planning and dispatch tends to be executed at
provincial level (Davidson et al., 2017).

These deficiencies have been aggravated by a number of technical issues,
some of which have their origins in the interests and abilities of key actors.
The technical standard of the turbines remains below what is required, the
major problem being the tolerance to the large quantity of sand and dust in
the air. Manufacturing companies have been spending insufficient funds on
research and development because their profits are being squeezed by the
highly competitive market (Zhao et al., 2016). Project developers try to build
wind farms as fast as possible in order to occupy prime land and secure future
market position. To keep up this level of investment, they require manufac-
turers to supply at low cost and so often end up purchasing low quality equip-
ment (Zhao et al., 2016).
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Solar PV panels also suffer from technical problems that result in low effi-
ciency. A government study showed that out of the 425 solar PV stations from
32 provinces investigated, 30% of installations three years or older exhibited
various quality defects. These defects caused attenuation rates as high as 68%
for systems that had been operational for as little as three years (Anonymous,
2018). Further, the government has established no industrial or national stan-
dards for solar PV maintenance of December 2017. Instead, chaotic price
competition in the solar PV maintenance market has frequently resulted in
low solar system efficiency (Sun et al., 2017). These deficiencies in the solar
PV systems are exacerbated by the accumulation on the panels of dust from
nearby fields and deserts, and by the filtering effect of the air pollution which
is particularly heavy in winter.

Arguably, it has been local governments that have played the most active
role in the implementation of wind energy policy on account of their priori-
tisation of local economic development, employment and tax revenues. They
have provided over-generous support for manufacturing and installation but
have given too little backing for grid connection and dispatch. The overcapac-
ity in wind turbine manufacturing has arisen from local protectionism, as
wind farm developers tend to buy from local manufacturers to obtain project
approvals from local governments (Zhao et al., 2016).

Local governments have also played a central role in the curtailment of
wind power and grid connected solar PV as they tend to give preference to
dispatching thermal plants over intermittent renewable energy. The number
of hours of generation for thermal plants is still determined by local govern-
ments after negotiation to create annual plans, which are then implemented
by local system operators. Thermal power stations lose out if the local grid
operator dispatches wind energy preferentially, as is required by the central
government, for a reduction of operating hours raises the breakeven price
(Davidson et al., 2017). Recent years have seen the emergence of local overca-
pacity in power generation. In 2016, the average coal-fired power station in
China was operating at a capacity factor below 50%. Thermal plants employ
more people and generate more local tax revenue than wind farms (Zhao
et al., 2016). As a result, wind and solar energy have not been given priority
dispatch in all provinces (Davidson et al., 2017).
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5 Conclusions

China’s strategies to support a low-carbon energy transition and reduce air
pollution by constraining the role of fossil fuels in the energy mix have met
with a high degree of success since 2005. The proportion of fossil fuels in
primary energy supply declined from 94% in 2005 to 86% in 2017. Over the
same period, the share of low-carbon energy sources in power generation grew
from 18% to 29%. These include hydroelectricity, nuclear power, and wind
and solar energy. In addition, the efficiency of coal combustion has improved,
and natural gas is slowly replacing coal in some sectors. Much of this success
has been achieved through the deployment of the government’s traditional
administrative policy instruments supplemented by substantial financial sup-
port. Such an approach is consistent with the wider political institutions of
governance as well as the institutions that govern the energy sector. However,
although the use of coal seems to be close to reaching a permanent plateau,
the total primary energy demand continues to rise and this, in turn, results in
the ongoing, though slowing, rise of fossil fuel consumption in the form of oil
and natural gas.

The country has great potential for the further deployment of wind and
solar energy. There is also the scope to boost the share of natural gas. However,
both sets of opportunities are being constrained by a range of factors both
within the wider institutional environment and within the energy sector itself.
Of special significance are the ability of local governments to undermine cen-
tral government policies, the power of the state-owned energy companies, and
the way in which the power sector is governed. China’s current leadership has
been bringing in a number of reforms to the oil and gas industry and to the
power sector and is preparing to launch a nationwide carbon emissions trad-
ing scheme in 2020. In the meantime, the low cost of domestic coal and the
growing demand for oil in the transport and petrochemical sectors will con-
tinue to underpin the demand for fossil fuels.

The key determinants of the pace at which China reduces its use of fossil
fuels in absolute terms are two-fold. First, and of greatest importance, is the
rate of economic growth. Coal has long been the swing fuel and an increase in
economic growth has always boosted coal consumption. Social stability and
therefore employment are high political priorities. So, the government con-
tinues to react to economic slowdown by injecting funds into the economy,
but no longer on the scale of that seen in 2009. Nevertheless, every additional
expenditure on infrastructure is likely to boost coal consumption.
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The second key variable is the mix of market and administrative policy
instruments deployed. The success of programmes to suppress fossil fuel con-
sumption to date has relied to a great extent on the continued importance of
state ownership and direct financial support, and the deployment of adminis-
trative policy instruments. Whilst the continued introduction of market
forces into the energy sector may be welcome on purely economic grounds in
principle, it is not evident that they will be effective at enhancing efhiciency or
reducing emissions for as long as the major energy producing and consuming
enterprises remain in state hands. The current leadership shows no sign of
planning to privatise the state-owned energy companies. Quite the opposite,
they may be assigned yet more non-commercial obligations. Meanwhile, the
long-preferred administrative instruments and subsidies appear to be yielding
diminishing returns. The large-scale deployment of CCS/U remains a long
way off. As a result, the absolute reduction in the use of fossil fuels in China
is likely to be a long process relying on sustained policy pressure from the
government in support of alternative forms of energy.
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Managing the Decline of Fossil Fuels
in a Fossil Fuel Intensive Economy:
The Case of The Netherlands

Sem Oxenaar and Rick Bosman

1 Introduction

The use and combustion of fossil fuels has been the main contributor to
anthropogenic greenhouse gas (GHG) emissions over the last decades, mak-
ing up around 78% of total GHG emissions globally (IPCC, 2014). To stay
within the 2 degree, and preferably 1.5 degree average global temperature
increase compared to pre-industrial levels set as the goal under the Paris
Climate Agreement (Paris Agreement, 2015), a large part of current fossil fuel
reserves—around a third of oil reserves, half of all natural gas (gas) reserves,
and around 80% of global coal reserves—will need to remain unused (Jakob
and Hilaire, 2015; McGlade and Ekins, 2015). Current climate policies put
us on a pathway towards at least 3 degrees of global warming by 2100 (Climate
Action Tracker, 2017; van Vuuren et al., 2017). Thus, to prevent dangerous
climate change a rapid shift towards an energy system based on renewable and
low-carbon sources is necessary. Lacking large-scale carbon capture and stor-
age (CCS), fossil fuel use will need to be brought down drastically. Given the
pervasiveness of fossil fuels in the (global) economy and its embeddedness in
our daily lives this will involve enormous societal change, and radically alter
the nature of our economy and change the way in which we produce, con-
sume, and live.
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The Netherlands has been a slow adopter of renewable energy (RE), cur-
rently ranking 2nd last in the European Union when it comes to share of RE
in the energy mix, with 6% RE (Eurostat, 2017). Historically, fossil fuels are
important for the Netherlands, being a large producer of natural gas, func-
tioning as a trade hub for oil, coal, and gas, and as a refining centre for (North)
West Europe. Compared to other countries in the Organisation for Economic
Co-operation and Development (OECD) the Dutch economy is fossil fuel
and GHG intensive (IEA, 2014, p. 10), with over 90% of the total primary
energy supply coming from fossil fuels, and with energy intensive industries
contributing around 12.5% of GDP (Weterings et al., 2013). Moreover, the
countries GHG emissions have been rising since 2015, mainly due to greater
use of coal and gas fired power plants (Schoots et al., 2017). Although current
developments around wind energy, with the first ‘subsidy-free’ offshore wind
park announced for 2022 (Rijksoverheid, 2018a), current natural gas produc-
tion caps, and a planned production stop in 2030 for country’s largest
‘Groningen’ gas field due to earthquakes and the resulting societal impacts
(Rijksoverheid, 2018b), do have the potential to accelerate the energy transi-
tion in the Netherlands, the country will likely not meet its set goal of 14%
RE in 2020 (Schoots et al., 2017).

This position as a fossil fuel intensive country and trading hub with rising
GHG-emissions is especially interesting given the Netherlands long history of
policymaking aimed at GHG-reduction and the expansion of renewable
energy. Verbong and Geels (2007) argue that, for a multiplicity of reasons, the
Dutch government initiated the energy transition in the Netherlands in the
1970s. Moreover, in the early 2000s, with the fourth National Environmental
Policy Plan, the government ofhicially adopted a strategy of ‘transition man-
agement (TM) in order to transform the dominant fossil fuel based energy
system and accelerate the uptake of renewable energy (Van der Loo and
Loorbach, 2012: 221-222).

In sustainability transitions literature, on which this chapter builds, it has
been hypothesised that the influence of fossil fuel incumbents in the energy
system and strong government-industry ties have contributed to this slow
development of renewable energy in the Netherlands compared to other
European countries. The energy regime—the current culture, structure, and
practices involved in providing the function energy—has shown a strong
degree of lock-in’. Based on a long history of natural gas production and the
build-up of related institutions (Correljé and Verbong, 2004), with the gov-
ernment having played an active role in shaping the energy system by intro-
ducing gas and nuclear (Van der Loo and Loorbach, 2012), and incumbent
actors partially capturing earlier transition policy attempts (Kern and Smith,
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2008; Smink, 2015), evidence suggests that the government, or parts of it, has
itself exhibited ‘incumbent behaviour’, thus strengthening the current regime
(Bosman et al., 2014; Van der Loo and Loorbach, 2012). Yet, transitions litera-
ture also sees an important role for governments in sustainability transitions,
especially in the early stages of a transition (Geels, 2011; Meadowcroft, 2009;
Rotmans et al., 2001; van den Bergh, 2013; Verbong and Loorbach, 2012). As
such, strong ties between governments and fossil fuel industries could be prob-
lematic (Oxenaar, 2017). In a first step towards testing this hypothesis this
chapter reports on a study into the question: what financial interdependencies
exist between the Dutch government and the fossil fuel industry?!

This chapter provides a summary of the findings of this study (Oxenaar,
2017) and explores their relevance to the discussion around a managed decline
of fossil fuels. To do this it first provides some relevant insights from transi-
tions theory, such as multi-actor dynamics, then moving on to a description
of the methodology used in the mapping exercise, a summary of the found
relationships, and a reflection and discussion of the results and their relevance
for a managed decline.

2 Sustainability Transitions and Managed
Decline

Sustainability transitions are large-scale fundamental societal changes towards
sustainability, such as developing a low-carbon energy system. They involve a
change in ‘regimes’, from one set of dominant structures, institutions, prac-
tices, paradigms, and economics, to another (Verbong and Loorbach, 2012:
9; Van Raak, 2015). For the energy system, the regime consists of a network
of actors and social groups, such as the government, the incumbent fossil
based energy suppliers, and users of energy, combined with established prac-
tices and rules that guide the activities of these actors, e.g. laws, regulations,
and societal norms, and the material and technical elements such as the elec-
tricity grid or power plants (Verbong and Geels, 2007). Regimes have a large
historical aspect, develop path dependency, and are characterised by a high
degree of lock-in. An important factor is that incumbent actors have vested
interests in the status quo and social capital has been built up around it lead-
ing to a fixed idea about their ‘role’ in society. Adding to this, the existing

"The case study in this chapter is a summarised and adapted version of the following study: Oxenaar, S.
2017. Mapping the Financial and Organizational Interdependencies between the Dutch State and the
fossil fuel industry. Master Thesis, Humboldt University Berlin and DRIFT, Erasmus University
Rotterdam.
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Fig. 6.1 Transition dynamics—X curve. (Source: Loorbach et al., 2017)

‘rules of the game’ have a stabilising effect on the system and habitual behav-
iour and shared mindsets and beliefs can contribute to ‘cognitive inertia
which might impede actor’s sensitivity to other ways of doing. Moreover,
existing investments in technology, connected sunk costs, and the comple-
mentary nature of the technologies in use, further stabilises existing energy
infrastructure (Turnheim and Geels, 2013; Verbong and Geels, 2007).

The shift in regimes is driven by persistent problems in the energy system,
such as high GHG-emissions and ambient air pollution, and takes place over a
period of decades (Loorbach et al., 2017: 2). Over 25-50 years, transitions gen-
erally follow a pattern of build-up and breakdown. ‘New’ practices emerge and
are eventually institutionalised, and ‘old’ practices are disrupted and phased-out
over time (Fig. 6.1). Traditionally, most attention in (sustainability) transition
studies has been given to niche-regime interactions and pathways of build-up.
However, with the energy transition advancing dynamics of ‘destabilisatior,
‘breakdown’, and ‘chaos’ are becoming more relevant and increasingly studied.

Given the large-scale changes implied in transitions, they are by definition
multi-actor processes, involving a multitude of actors from different institu-
tional backgrounds—such as state, market, civil society and science. Changes
in role constellations and power relations between these different actors are an
important dynamic of a system in transition (Avelino and Wittmayer, 2016;
Loorbach et al., 2017: 16). Part of the regime lock-in is thus due to existing
power relations, further strengthening the path dependency. In the political
economy literature, and now taken up by transitions literature, this has been
conceptualised as an unconscious ‘alliance’ between policymakers and incum-
bent firms directed at maintaining the status quo in the system (Geels, 2014;

*See for example: (Bosman et al., 2014; Karltorp and Sandén, 2012; Turnheim and Geels, 2012, 2013).
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Levy and Newell, 2002; Unruh, 2000). It is ‘unconscious’ in the sense that
there is no ‘official” or explicit agreement existing between government and
incumbent parties that outlines the alliance. Rather, it arises from, on the one
hand, society being reliant on growth, and large businesses being able to pro-
vide the capital necessary for this, providing an incentive for governments to
accommodate them, and, on the other hand, these capital providers being
dependent on governments that shape the market and playing field through
rules and regulations (Geels, 2014). For the energy system this could take the
form of a ‘fossil fuel historical bloc” an implicit cooperation between govern-
ments, fossil fuel companies, and trade bodies based on existing, underlying,
interdependencies. For example, governments need fossil fuel producers to
extract their resources while producers need governments to gain access to
these resources (Phelan et al., 2013). The existence of such a bloc would exert
a strong stabilising force on the energy system, dampening the potential for
change and non-fossil fuel-based innovation.

It is because of these multi-actor dynamics, as experience from ‘transition
management’ shows, that transitions cannot be directly controlled and steered
but only influenced in their speed and direction (Loorbach, 2009). Governance
in such systems is a multi-actor process in which experimenting and learning
shapes solutions, innovations, and institutions. Although a government is seen
by some as a necessary catalyst in the initial stages of sustainability transitions, its
agency in governing transitions might also be limited by the multi-actor dynam-
ics and, for the energy system, the possibility of a ‘fossil fuel bloc’. This has rami-
fications for the possibility of a managed ‘decline’ or ‘phase-out’ of fossil fuels.
Firstly, when speaking of a ‘managed’ decline, who is supposed to do the ‘manag-
ing’? If management is ‘distributed” across a multitude of societal actors, as tran-
sition management implies, to what extent can governments manage a decline
of fossil fuels? What would this management entail? The lessons from TM show
that this could mainly focus on providing directional guidance, for example by
setting an end date for fossil fuel production or accelerating/decelerating existing
dynamics in the phase-out and breakdown ‘pathway’ of transitions.

3 Methodology

To structurally map the financial and ownership relationships between gov-
ernment and the fossil fuel industry an operational framework has been devel-
oped based on the fossil fuel value chain and inspired by studies on sectoral
analysis.® This resulted in a framework with seven stages: In the initial scoping

3 See, for example: (Moncrieffe and Luttrell, 2005).
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relationships. (Source: Oxenaar, 2017)

stage the role of fossil fuels in the economy was analysed by looking at existing
studies to identify areas where financial linkages would be likely (Fig. 6.2).
Stages one to six—production and exploration, transport and storage, pro-
cessing and refining, sale and distribution, use, and research & development
(R&D)—Ilooked at specific segments of the value chain and R&D. For each
stage a set of ‘core’ topics and questions were developed in an iterative manner
by going back and forth between the data and the framework during the pro-
cess (Oxenaar, 2017).

For the initial scoping, data from statistics agencies and existing analyses of
the Dutch energy system were used. The other stages relied mainly on data
from: government documents and websites, annual-reports, -accounts, and
-budgets of municipalities, provinces, and the national government
annual-reports of websites and studies of and by state owned enterprises (SOEs);
data from trade associations; tax data; and reports and accounts of government
agencies. The study looked at the period 2001 to 2015 (Oxenaar, 2017).

4 Government—Fossil Fuel Industry
Interdependencies

This section provides a summary of the most important findings of the gov-
ernment-industry relations study, looking at government income and expen-
diture and the relationships found in each segment of the fossil fuel value
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chain (Oxenaar, 2017). The Dutch government was found to be related to the
fossil fuel industry through revenue and expenditure and asset ownership, but
also plays an important role in the industry itself. Through SOEs and partici-
pations, it is directly involved in the exploration, production, transport and
storage, processing, sale, and distribution of oil and gas. Examples of these are
the SOE EBN through which the State has a stake of at least 40% in all oil
and gas production in the country, the publicly owned Dutch ports which
facilitates fossil fuel trading and related activities, or the SOE Gasunie and
regional transmission networks through which the state is involved in gas
transport and distribution.

4.1 Government Fossil Fuel Related Income
and Expenditure

Historically the Dutch government is very reliant on income from fossil fuels
and related activities coming in through a host of different taxes, dividends,
royalties, levies, and fees. On average, between 2001 and 2015, this brought
in at least €21.5 billion a year.* This makes up about 14% of the governments
freely spendable income (total government revenue minus social insurance
premiums) on average over those years. In 2015, €5.26 billion came from the
production and exploration segment, €437 million from transport and stor-
age, €13.6 million from sales and distribution, and €14.35 billion from the
use of fossil fuels (Fig. 6.3).

Figure 6.3 shows that until 2013 income from fossil fuel related activities
was growing steadily, 7% average year on year growth, both in absolute terms
and as share of spendable income. Also noticeable is that, due to the sharp fall
in income from oil and gas production, income from the use of fossil fuels is
becoming increasingly important as a revenue source. The data series analysed
in this study only ran up to 2015, but government income from oil and gas
production has continued to decline in 2016 to €2.85 billion, and decreased
slightly to €2.82 billion in 2017 (CBS, 2018a).

On the other hand, the government also has expenditure on fossil fuel
related activities (Fig. 6.4). For example, through tax exemptions and returns,
compensation subsidies, R&D subsidies, and support measures for gas pro-

#This is a low estimate since several revenue sources such as income and corporate tax from fossil fuel
related activities and VAT on electricity (88% fossil) could not be quantified. The same is the case for
support measures and subsidies. For example, the VAT exemption for aviation and the gas production
support policy are not included because no monetary estimate is available. And possible support for fossil
fuel related activities as part of tax exemption programs for ‘innovation’ is excluded because it was found
to be impossible to distinguish between different industries using the data available.
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2017)

duction.’ In 2015 this amounted to €4.36 billion, and between 2001 and
2015 on average €2.06 billion a year.® The lion’s share of these subsidies went
to excise tax exemptions for international marine shipping (€1.6 billion) and

> See the ‘small field’s policy’ in later sections. No quantification of this measure is available.
¢ Another 2017 publication looking at support and subsidies from the Dutch government for fossil fuel

related activities both within the Netherlands and abroad arrived at the even higher number of €7.6 bil-
lion annually (Van der Burg and Runkel, 2017).
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aviation (€2.1 billion). The remainder went to income tax deductions for the
marine sector (€237 million), energy tax restitutions (€133 million), a com-
pensation subsidy for industries falling under the European Union, invest-
ment related tax deductions (€2.2 million), R&D subsidies (€17 million),
and €106 million for oil storage (Oxenaar, 2017).

4.2 Exploration and Production

Since the first discovery of natural gas in 1959 the Netherlands has been a large
producer with 3,582 billion cubic meters (bcm) having been extracted, and
another 891 bcm in estimated proven reserves left.” The majority of which
(665 bem) is in the ‘Groningen’ field,® and the remainder in onshore (109 bem)
and offshore (117 bem) ‘small-fields’ (TNO, 2016a). This position as a signifi-
cant natural gas producer is currently shifting with production declining from
85.5 bem in 2013 to 43.9 bem in 2017 due to continually lowered production
caps put in place on the Groningen field due to earthquakes (CBS, 2018b).
Moreover, fields are maturing, with over 80% of the Netherlands’ total reserves
extracted (CBS, 2016a). This is also affecting gas exports, which declined by
40% over the same period (CBS, 2017) Production from the Groningen field
is likely to be lowered further in an attempt to reduce seismic activity and
related damages and deal with the social fallout related to these events.

Small amounts of oil, around 1,500 million kilo gram (kg) annually with a
total reserve of 32 standard cubic meters (Sm3) (CBS, 2016b), and no coal is
produced in the Netherlands. In 2015 the oil and gas reserves were valued at
€103 billion, constituting around 14% of the government’s total assets. On
average between 2001 and 2015 the value was around €140 billion. Although
naturally fluctuating based on the gas price the value of the reserves is now
declining rapidly due to the lowered production rate, dropping to €42 billion
in 2016, severely decreasing the government’s wealth (Oxenaar, 2017).

Oil, gas, and mineral reserves are government property, but de facto owner-
ship rights are transferred to license holders. In 2015, there were around 11
different gas field owners, 8 oil field owners, 13 operating permit holders, and
6 exploration permit holders. Of these the company NAM, a joint-venture
between Royal Dutch Shell (Shell) and Exxon Mobil, is by far the largest permit
and concession holder, with around 50% of all fields including the Groningen
field. On behalf of the government, the SOE EBN takes a 40% financial stake

’For a complete production history of natural gas in the Netherlands see the graph on page 7 of TNO
(2017).

8For a geographical overview of Dutch oil and gas production see the website: NLOG.NL.
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in all developed fields except the Groningen field. EBN does not hold any
production licenses but shares in the investments and revenue for each field
and provides technical support. Although EBN is not directly involved in the
Groningen field it does receive some of its profits through its holding in the
gas wholesaler GasZerra. EBN also supports the exploration of oil and gas
through its research efforts and knowledge sharing and is actively involved in
finding end-of-life solutions and decommissioning of infrastructure. It thus
actively supports oil and gas production from small-fields. Based on EBNs
revenue of 4.76 billion in 2015 and its 40% share, a rough estimate of total
revenue in the Dutch oil and gas production sector would amount to €10-12
billion for 2015 (Oxenaar, 2017).

In addition to the support provided through EBN, the government sup-
ports oil and gas production through its ‘small-fields’ policy and the related
‘marginal fields and prospective incentive’. The small-fields policy was started
in 1974 to maximise production from these fields and reduce withdrawals
from the more flexible Groningen field. The policy entails an obligation for
Gaslerra to buy the gas, Gasunie to transport it, and EBN to take a 40% share.
By taking away investment, transportation, and demand related risks it sup-
ports production. There is thus a clear dependency of producers on the
involvement of these government parties. On the other hand, the government
needs to create these conditions to extract its resources and realise the value of
its reserves (Oxenaar, 2017). In-order to further incentivise offshore produc-
tion producers can deduct 25% of their investment costs from their taxable
profit and fallow areas can be ‘de-licensed’ reducing certain legal obligations
for operators regarding liability. No monetary estimates of the magnitude of
these support measures exist.

As a co-investor EBN is also involved in developing end-of-life solutions
and decommissioning of oil and gas infrastructure. Given the low gas prices
and maturing small (offshore) fields t is expected that decommissioning of
infrastructure will become increasingly relevant. As such it is actively engaged
in exploring possibilities to extend infrastructure lifetime, for example,
through using ‘green gas’, carbon capture and storage (CCS), or wind-to-gas
technologies to replace natural gas flows. Currently, EBN estimates that the
government will contribute around 70% of decommissioning costs, amount-
ing to €6.7 billion. Given that in 2014 alone total decommissioning costs
amounted to €4.3 billion, EBN expects the total bill for the government could
end up being considerably higher.

Since 2012 seismic activity around the Groningen field has become increas-
ingly strong and has led to increased damage to buildings in the area. This
leads to costs related to research on seismic activity, safety inspections, and
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payments for building retrofitting, reparations on damaged buildings, extra
safety measures in new construction projects, and compensation payments.
Although the operator of the Groningen field, NAM, is legally responsible for
the safe operating of the field and thus liable for the damages caused by pro-
duction the state plays an important role. It has taken up a role in implement-
ing the above measures and pays for around 60% of the total costs, through
both direct payments and reduced income from the Groningen field
(Oxenaar, 2017).210

4.3 Transport and Storage

The Netherlands is a large importer of oil, coal, and gas, with coal and oil
entering and leaving the country mainly through (sea) ports and gas through
pipeline-interconnectors with Belgium, Germany, the United Kingdom, and
Norway, and an LNG import terminal. The (sea) ports through which the
fossil fuels enter the country are publicly owned and SOE Gasunie owns and
operates the high-pressure gas network and co-owns the LNG import termi-
nal. Coal transport and storage takes place in the publicly owned ports, but
no government related entities are directly involved (Oxenaar, 2017).

4.4 Ports

The Netherlands has 17 publicly owned seaports of which the biggest are the
Port of Rotterdam and the Port of Amsterdam. Both ports are ‘fossil hubs’
with over 50% of throughput, in tonnage, coming from oil, oil products,
coal, and liquefied natural gas (LNG). They are also important for the Dutch
economy: the port of Rotterdam’s activities provides (indirectly) 3.3% of GDP.

The port of Rotterdam houses oil refineries, oil, coal, and LNG storage
facilities, a coal fired power plant, and industry that uses oil and gas as an
input. Together with the docking fees for ships bearing fossil loads, these
activities provide a significant part of the ports revenues (Oxenaar, 2017)."!
Additionally, the intermediate products of the refineries are important inputs

?See Follow The Money (n.d.).

19The agreements governing the extraction of the Groningen field are secret, this makes it impossible to
determine what the exact distribution of responsibilities and costs between the involved parties NAM,
Shell, Exxon Mobil, and EBN are.

" Unfortunately, the Port of Rotterdam does not breakdown its revenue in enough detail to determine
the exact fossil share but given that over 50% of all throughput is fossil fuels, and many leaseholders are
involved in fossil fuel related activities, they will provide an important share.
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for the chemical industries and transport companies located in the surround-
ing areas (TNO, 2016b). Fossil fuels are thus not only important for the port
itself but also for the region at large. For example, around 10,000 jobs, or
10% of port related employment, and €12.5 billion in added value are directly
related to the oil refineries, chemical industry, and the coal fired power plant
in the port.

In 2015, the port had a revenue of €657.3 million of which, based on fossil
throughput, at least half of this could be related to fossil fuels. However, given
the prominence of fossil fuel related activities in the port, and the revenue this
generates through land leases, the fossil share of revenues probably lies above
this 50%. The port authority pays annual dividends to its shareholders, the
municipality of Rotterdam (70.8%) and the Dutch government (29.2%).
Between 2004 and 2015 this amounted to, on average, €72 million annually.
In 2015 this was €91 million of which €64.5 million for the municipality of
Rotterdam, or 1.5% of the cities total budget. In addition, the share value of
the port represents around 8% of the city’s total assets and, in the past, the city
has financially supported the port by providing a total of €1.16 billion in
loans since 2004 (on which it received €383.4 million in interest). This totaled
at least €50 million in operational subsidies and contributions from both the
city and the national government, and €936 million in government contribu-
tions to investment, mainly for port expansions, between 2004 and 2015
(Oxenaar, 2017).

The city and national government are thus closely related to the port, both
through ownership and financial flows, and there is a clear dependency of the
port on government contributions to port expansions. Moreover, the port
represents an unneglectable share of the city’s assets (7.7%) and through divi-
dend and interest payments contributes, in absolute terms, a significant
amount to the budget (Oxenaar, 2017).

The second main seaport, the port of Amsterdam, has a strong focus on oil
and oil products—it is the biggest gasoline port in the world—and the second
largest coal port in Europe (after Rotterdam). In 2015, around 70% of its
throughput was fossil fuels. On average, the port has paid around €41.5 mil-
lion in annual dividends between 2005 and 2015 to its shareholder, the city
of Amsterdam. This represents, on average over the same period, less than 1%
of the cities total budget and around 1.8% of the cities freely spendable
income. The capital value of the port represents 2.4% of the city’s assets. In
addition, the city has lent the port €147 million in 2013, on which it has
received €18.6 million in interest since. Moreover, since 2013, a total of €3.3
million in subsidies given since could be identified, and €757 million in gov-
ernment (national, provincial, and municipal) contributions to port infra-
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structure investments. The relationship between the port and the city are thus
strong, although, financially, the dependency is lower than in the Rotterdam
case (Oxenaar, 2017).

Three other port entities, Zeeland Seaports (“ZSP’; 40% fossil), Groningen
Seaports (‘GSP’; estimated at least 26% fossil), and the Port of Moerdijk (5.6%
fossil) were also analysed. These ports are less financially healthy, pay no or
very limited dividends to their public owners, require guarantees or loans
from their shareholders to continue operations, and their asset value presents
a considerable share of their owner’s total assets. It was found that all the ana-
lysed ports are dependent on their public owners in some respect, whether for
infrastructure investments or loans and guarantees, and the public sharehold-
ers have a financial interest, based on dividend payments and/or asset value,
in the ports (Oxenaar, 2017).

4.5 Gas Transport and Storage

The Netherlands has a large transport and distribution network for natural
gas. The SOE Gasunie runs the high-pressure network while municipally
owned regional distribution companies handle the low-pressure network. In
2015, Gasunie managed around 15,500 kilometre (km) of pipelines in the
Netherlands and Germany and transported 1.179 Terawatt hours (Twh) of
gas. Since 2007 the government, through Gasunie, has invested around €8.4
billion as part of its ‘gas roundabout’ policy in new international pipeline
interconnectors, facilities for gas processing and storage, LNG import and
breakbulk terminals, and a new trade platform for natural gas. Gasunie is
also investing abroad, for example, it participated in the building of
Northstream one,'* in 2007 it bought part of the German transmission net-
work for €2.1 billion, and it was looking to partake in Northstream 2. In
addition, Gasunie expects to invest around €300-500 million annually to
maintain the transmission network. In 2015, Gasunie paid €330 million in
revenue to its sole shareholder, the Dutch government. Between 2002 and
2015 it contributed on average €313 million in dividends annually. Through
Gasunie the government owns and manages practically all long-distance nat-
ural gas infrastructure in the country. EBN, the other SOE involved in oil
and gas, also holds stakes (40%) in two large underground gas storage facili-
ties and participates in several offshore trunk lines connecting some of its
fields (Oxenaar, 2017).

12 A natural gas pipeline running through the Baltic sea between Russia and Germany.
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4.6 Oil Transport and Storage

Around 35% of all oil, oil products, and chemical products in the Netherlands
are transported by pipeline. Currently seven different pipelines or pipeline
networks are in operation in the country. The biggest of which is the NATO
owned Central European Pipeline system (CEPS) that runs partly through
the Netherlands. In the Netherlands it is operated by the DPO, falling under
the ministry of defence. Through this system, the Dutch military provides at
least around 50% (1.8 million cubic metres (mcm) minimum obliged pur-
chase requirement) of the fuel needs for Amsterdam Schiphol airport, the
main international airport of the Netherlands. DPO also provides commer-
cial storage services. In this way the state is able to recuperate part of the
maintenance costs for the CEPS network. Indirectly, through the govern-
ments 5.9% stake in the KLM airline, the government also partakes in the
pipeline that supplies the other 50% of the fuel needs. All other oil pipelines
in the Netherlands are privately owned.

The Netherlands has 30 mem capacity of oil storage (2014), situated mainly
in and around the ports and privately owned and operated. The government
is involved in the storage of oil through its obligatory, as an EU and IEA
member, strategic stockpiling of oil. The Netherlands Stockpiling Agency
(COVA) maintains 80% of the stock (90 days of net import) stored in com-
mercial storage terminals. This is financed through a stock levy on petroleum
products, which totals to around €100 million a year in the past few years.
Although COVA is a not-for-profit organisation it made around €19 million
in profit in 2015. In addition to the tax revenue it receives, COVA has €953
million in loans guaranteed by the government. The government is thus
directly involved in both the transport and storage of oil and natural gas

(Oxenaar, 2017).

4.7 Processing and Refining

The Netherlands is a major producer of oil products with six refineries, five
located in the port of Rotterdam and one in Flushing (Zeeland Seaports),
supplying the North-West European market. In 2015 refinery output
amounted to 60 Megaton (MT), almost 10% of OECD Europe, and 1.5% of
global production. Although all refineries are privately owned, most by inter-
national oil companies (I0Cs), they are all located in publicly owned ports,
contributing to port income. It was however, impossible to determine the
amount of revenue related to these leases. The refineries do benefit from an
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excise tax exemption on fuel used in the process, amounting to a loss of rev-
enue for the government of around €40 million annually, last reported on in
2011. Some coal processing might take place in the storage facilities located
in the ports. However, these are also privately owned and their share in port
revenues unknown. For this reason, this was not further pursued in the analy-
sis (Oxenaar, 2017).

The SOE Guasunie converts LNG, imported gas, and some domestically
produced natural gas.'® For example, in 2015 Gasunie converted 16.9 bem of
high calorific gas to low calorific gas by adding nitrogen to make it suitable for
the Dutch grid. Given the lower production from the Groningen field, and
the obligatory switching of large gas users to non-Groningen sources entering
into force in 2022, gas conversion will increase in the coming years (Ministerie
van Economische zaken en Klimaat, 2018).

4.8 Sales and Distribution
48.1 Oil

The sale and distribution of oil occurs through wholesalers and retailers or
directly by the producer. In 2015, 1,152 petajoule (P]) in fuels for road, rail,
water, and air transport was supplied, of which 538 PJ through marine bun-
kers and 160 PJ through aviation bunkers found in the public ports and air-
ports and 450 PJ for road transport and 7 PJ for rail transport. As mentioned
earlier, international marine and aviation bunkering benefits from a tax
exemption amounting to around €3.8 billion in 2015. The tax expense'* for
the government has grown considerably over the years from around €100-200
million per year in the early 2000s, to between 3 and 4 billion euros per year
since 2011.

The government is involved in supplying fuels for road transport through
the petrol stations leasing government owned land. Between 2002 and 2016
this brought in around €340 million, or €26.5 million on average per year.
When it comes to oil, government involvement in this part of the chain is
thus mainly financial, through income and tax exemptions (Oxenaar, 2017).

" Appliances in industry and houscholds are adapted to the Groningen gas which is a low calorific gas
(high in nitrogen), while gas from abroad or small-fields is high calorific gas (low in nitrogen) and needs
to be made suitable for the Dutch grid by adding nitrogen.

'“The ministry of finance does however note that the actual loss in taxes is likely to be lower, due to dis-
placement of demand if the tax exemption were to be lowered or stopped.
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4.8.2 Gas

Gaslerra, a public-private partnership,” is the Dutch wholesaler for natural
gas. It handles the gas imports from Russia and Norway, the gas coming from
the Groningen field, around 85% of the small-fields production, and all gas
exports. The company also serves a policy goal, being a key player in executing
the governments ‘small-field policy’. Being legally required to buy all gas
extracted from the small-fields and taking a production driven approach to
supply,'® it takes over some of the production risk from the producers. This
makes it easier for the producers to invest in small-field production. In addi-
tion to natural gas, GasZerra is also involved in developing a supply of, and
demand for, biogas. For example, in 2015 GasTerra installed a high-pressure
digester and concluded contracts to deliver 54 mecm of biogas. Although
GasTerra has a very high revenue, €14.7 billion in 2015, its profits and divi-
dends are capped at €36 million. Most of the added value runs through the
‘Maatschap Groningen’, a partnership between NAM and EBN, which pays
taxes, royalties, and dividends to the government.'” Through its policy activi-
ties, its political engagement, and lobbying through trade associations,
Gaslerra is also actively promoting natural gas in the Netherlands and Europe,
pushing for more investments in production and infrastructure
(Oxenaar, 2017).

Trade of natural gas in the Netherlands is facilitated by the Title Transfer
Facility (T'TF), a virtual gas trading hub for North-West Europe, in which
Guasunie holds a 20% share. Since its foundation in 2003 it has grown consid-
erably, becoming the largest trading facility for natural gas in Europe in 2016,
with 21.468 TWh hour traded virtually and 516 TWh physically delivered.

Gasunie, as discussed previously, handles the high-pressure transport, while
regional distributors, owned by municipalities, deliver to households. The
larger distributors generate significant profits. In 2015 the regional distribu-
tors dividend a total of €527 million in dividends over hundreds of Dutch
municipalities. Depending on the distributor, between 15 and 30% comes
from activities related to natural gas. However, given the large number of

" NAM (50%; NAM is owned by Shell and ExxonMobil), EBN (40%), and the Dutch Ministry of
Economic Affairs and Climate Change (10%) own GasZérra. Indirectly the government thus has 50% of
the venture.

1¢ GasTerra buys gas on the basis of availability instead of demand, provides flexible purchasing contracts
but long-term buying guarantees. The goal of these measures was to increase producer profitability and
maximise gas production from small fields.

7 For an overview of the Dutch ‘gas building’, the complex structure of entities, ownership relations, and
profit flows see figures 4 and 5 in van der Voort and Vanclay (2015).
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shareholders, no municipality was found to have a large dependence on this
revenue (Oxenaar, 2017).

4.8.3 Use

Final energy use in the Netherlands amounted to 2.586 PJ in 2015, with
industry using 46%, transport 19%, households 17%, agriculture 5%, and
other uses the remaining 13%. For industry around 625 PJ was used for ener-
getic uses and 526 PJ for non-energetic uses, mainly as input for refining
processes and the production of artificial fertilizer. The Dutch electricity mix
is also largely fossil, with 42% coming from gas, 35% coal, and 4% ‘other
fossil fuels’ and the remainder generated with nuclear, wind, solar, hydro, and
biomass. The government is involved in the use of fossil fuels through its
ownership of two utilities, through fiscal measures public airports, and its
share in the airline KLM. Also, as discussed earlier, most refining activities

take place in public ports (Oxenaar, 2017).

4.8.4 Electricity Production

Before the start of the liberalisation of the ‘energy market’, municipalities and
provinces owned all utilities. Eneco and PZEM (formerly DELTA) are the final
remnants of these and will likely be sold in the near future.'"® PZEM, with 22
shareholders of which the biggest is the province of Zeeland (50%), is cur-
rently in a bad financial position and most of its sellable activities have been
sold. However, until 2015 it paid dividends to its shareholders, of which, on
average between 2005 and 2015, around 57% coming from fossil fuel related
activities. For the province of Zeeland this means it received €130 million in
fossil dividends over that period. Prior to the start of PZEM’s financial issues
in 2013, this made up between 10 and 15% of the provinces freely spendable
income. The province has also stated explicitly that it remained a shareholder
to protect regional employment, indicating that ownership also serves policy
goals (Oxenaar, 2017).

'8 A majority of its public shareholders have started talks to sell the utility Eneco, since it split off its grid
management unit into a separate entity (owned by the Eneco shareholders) in 2017 the municipalities no
longer deem ownership of the utility in the interest of the public. DELTA has had to undergo the same
transformation, and due to its bad financial position had to sell many of its activities. However, since
DELTA also partially owns the only nuclear power plant in the Netherlands, which is loss-making, and
cannot be sold to foreign companies, it has not yet been possible to find a buyer.
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Eneco, with 53 municipal shareholders including Rotterdam (31.7%) and
The Hague (16.55%), is in a much better financial position and paid €103
million in dividends in 2015 of which around €77 million came from fossil
fuel related activities. The municipality of Rotterdam received €25.5 million
(1.5% of freely spendable income) and The Hague €12.8 million (1.6% of
freely spendable income). As a share of the budget these ‘fossil” dividends are
thus only a minor part of these city’s budgets. However, in absolute numbers
it is still a significant financial contribution to the budget. Between 2005 and
2015 Rotterdam received in total €425.4 million and The Hague €222 mil-
lion (Oxenaar, 2017).

The government also supports (renewable) electricity production through
subsidies. Until 2006 subsidies were still given to gas fired power plants (com-
bined heat and power: €320 million in total). Since then no direct subsidies
have been given to fossil fuel powered plants. However, between 2003 and
2016, €3.42 billion in subsidies for biomass co-firing in coal plants has been
given. In 2016 and 2017 possibilities to apply for further biomass co-firing
subsidies were still open. Although this officially is a subsidy on renewable
energy it has been argued that the subsidies have led to a postponement of old
coal fired power plant decommissioning and could increase the profitability of
currently uneconomic power plants (Oxenaar, 2017).

4.8.5 Government Participations in Fossil Fuel Use Related
Companies

In addition to ports, almost all airports in the Netherlands are publicly owned.
Although they do not use fossil fuels themselves, they facilitate the fossil fuel
intensive aviation industry. Only the financial relations with the largest air-
port entity, Schiphol Group, owned by the national government (69.7%),
Amsterdam (20.2%), and Rotterdam (2.2%) were analysed. In 2016 it trans-
ported around 70 million passengers and had a revenue of €1.4 billion, of
which 70% related to aviation, resulting in a profit of €306 million. However,
only around 18% of profit comes from activities directly related to aviation.
Saying that, it can be argued that all other activities, such as retail and real
estate, can only generate profit because of the aviation activities this makes it
less clear what the share of fossil revenue is. Between 2001 and 2016 Schiphol
paid out a total of €1.86 billion in dividends, of which €148 million
was in 2016.

The national government is also a shareholder of the, formerly Dutch, air-
line KLM (5.9%) and the tiny Winair (8%). In both cases, the government
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keeps its share in the airlines to protect ‘public interest’ stating that KZM is
crucial to the Dutch economy and Winair an essential transport provider.
KLM pays only a very limited dividend, €1 million in total in 2015, and
Winair is dependent on its public owners to stay afloat (Oxenaar, 2017).

4.8.6 Research and Development

The government supports R&D in different ways. On average, it funds 40%
of all R&D in the Netherlands. In total, through a variety of direct subsidy
measures and innovation support programs, €17 million in support for R&D
related to fossil fuels was identified for 2015. This mainly went to projects on
CCS, LNG, and ‘tough gas’ (i.e. offshore small field production). Between
2005 and 2015 at least €200 million in subsidies for fossil fuel related R&D
was given. For all indirect subsidies, such as tax deductions for innovation,
which amounted to €2.2 billion in 2015, it was impossible to determine the
share going to fossil.

The government also funds R&D organisations and universities. For uni-
versities it was estimated that between €50 to a €100 million is spent on
energy R&D annually. For the years 2009 and 2010 it was found that, respec-
tively, €12.7 and €16 million was spent on fossil fuel related R&D. No recent
data was found. For research organisations it is notable that one main govern-
ment funded research organisation, TNO, focused its energy program entirely
on natural gas and oil prior to 2008. However, it could not be determined
how much was allocated on the projects in this program. Although a com-
plete study of their R&D projects was not undertaken their natural gas related
R&D was mainly on offshore gas production and exploration and LNG. This
is relevant because it further underlines the governments support for offshore
natural gas production (Oxenaar, 2017). It was also found that different, gov-
ernment related parties, such as universities, grid managers, and SOEs, form
research consortia with research organisations and industry players. For exam-
ple, in the Energy Delta Gas Research program, running between 2009 and
2015, which looks at the future of the energy system and the role of natural
gas (Oxenaar, 2017).

5 Conclusion and Discussion

This chapter presented an overview of the main financial and ownership rela-
tions found between the Dutch government and the fossil fuel industry. On
the one hand, it showed that fossil fuel related activities form an important
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source of revenue for the Dutch national government, amounting to, on aver-
age €21.5 billion a year, or 14% of freely spendable government income for
the period 2001-2015. On the other hand, the government supports fossil
fuel related activities with, on average between 2001 and 2015, €2.06 billion
annually. The government was found to be tightly interwoven with the fossil
fuel system, with ownership and financial relations found in all segments of
the fossil fuel value chain, from production and exploration to use and R&D,
and at the local, regional, as well as national levels of government. Moreover,
through SOEs, it could be said the government itself is to some extent the
fossil fuel industry, especially when it comes to the production, transport,
storage, and distribution of natural gas. Finally, for the production of natural
gas, the picture arises of a strong interdependency between government and
industry, with the government providing a favourable framework for produc-
tion, through subsidies, risk sharing, and (technical) support measures, and
the industry generating revenue in the form of tax and royalties.

These findings support the hypothesis of a “fossil fuel historical bloc—an
implicit ‘alliance’ between government and industry based on mutual depen-
dencies—existing in the Netherlands. Moreover, the results seem to support
the hypothesis that the existence of this bloc has contributed to the slow take-
up of renewable energy despite decades of (apparent) policy support. As such
it has contributed to the limited success of GHG-emission reduction policy
in the Netherlands and provides some explanation of the pervasiveness of fos-
sil fuels in the energy system. Given the need to steer away from fossil fuels to
prevent dangerous climate change and preferably stay within a 1.5 degree
pathway this supports the need for, and underlines the urgency of, a directed
or managed decline of fossil fuels.

First, because the strength of the lock-in has, so far, prevented or drastically
slowed a ‘natural’ decline or phase-out of fossil fuels. But also, because the
active involvement of the government in the fossil fuel value chain, and related
revenue streams, means that a decline in fossil fuels will have an impact on
government assets and revenue. A managed decline would thus be necessary
to speed up the required transition towards using mainly renewable energy
sources and to prevent shocks to public finances.

Yet, in the frame of thinking about a ‘managed decline’ of fossil fuels this
raises the question, who is supposed to ‘manage’ this decline? If it is the gov-
ernment, is it possible for a government to manage the ‘decline’ of an industry
it itself is heavily involved in, and partly dependent upon? And, if so, what is
needed for a government to start doing this?

Recent developments around natural gas production in the Netherlands
provides an interesting case from which some lessons for the conditions under
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which a (government initiated) managed decline could occur. Increasing
social unrest and related protests and civil society action in reaction to increas-
ingly strong and prevalent earthquakes induced by natural gas production
from the Groningen field" has led the Dutch government to adopt increas-
ingly lower production caps for this field—42 bcm in 2014, 27 bem for 2015,
24 bem for 2016-2021, and 12 bem for 2022, and 5-7.5 bem for 2022 and
beyond,—and in early 2018, the Minister of Economic Affairs outlined a
plan to phase-out Groningen production by 2030 (Ministerie van Economische
Zaken en Klimaat, 2017). This plan involves a large scale switch to alternative
fuel/heating sources in industry, agriculture, and the built environment and
would leave between 494 and 545 bem of economically recoverable gas in the
ground.? This is a radical break with previous policy, which was aimed at
expanding or at least maintaining the role of natural gas in the Dutch energy
system®! and persisted despite the regular occurrence of earthquakes over the
past decade, and impacts some of the relations and interdependencies
described in this chapter. As a consequence of this decision production of
natural gas in the Netherlands has decreased much more rapidly than it would
have naturally (on the basis of fields maturing), dropping from 82 bcm in
2013 to 51 bem in 2016, 43 becm in 2017, and 27 bem in the first nine
months of 2018 (CBS, 2018b). Although production of both the many small
fields and the large Groningen field was set to decline towards 2030 anyway
due to declining production capacity and maturing small fields, a 2013 study
by the producer NAM expected the Groningen field to be in production until
2080 (NAM, 2013: 17). Subsequently, government income from production
has dropped from €15.4 billion in 2013 to €2.8 billion in 2016 and 2017
and the public and political discourse around natural gas has started to shift
towards “getting rid of natural gas”.*> Although the phase-out plan has not yet
been officially adopted, needs to be further developed, and might be vulner-
able to damage claims from the Groningen concession holders (ExxonMobil
and Shell),** this provides a clear example of how external pressure helped

For an overview sce: van Thienen-Visser and Breunesse. 2015. Induced seismicity of the Groningen gas
field: history and recent developments.

2Own calculation based on current status of Groningen field and the phase-out pathways as currently set
out by the national government (see: https://www.rijksoverheid.nl/actueel/nieuws/2018/03/29/
kabinet-einde-aan-gaswinning-in-groningen).

1 See for example the ‘gas roundabout’ policy and EBN’s involvement in preventing ‘early’ decommis-
sioning of gas infrastructure as described in the study that underlies this chapter.

2 A rise in the Dutch gas wholesale price compensated for the lower production.

#Van Gas Los” in Dutch.

% For now, both Shell and Exxon have made a deal with the Dutch government, relinquishing any future
damage claims in exchange for a higher percentage of current profits from the Groningen field (27%
versus 10% previously).
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‘opening’ up the regime and the ‘fossil fuel historical bloc’ and pushed the
government towards beginning a ‘managed decline’ in natural gas production.

This recent development shows that, despite extensive government-fossil
fuel industry ties, strong and lasting external pressure can move the system
towards initiating a decline of fossil fuels.”> It does however raise questions
regarding whether this ‘crisis’ response in the face of earthquakes can be seen
as a ‘managed’ decline and thus prevent impacts on public finances and jobs.
See, for example, the rapid and unplanned-for reduction in government rev-
enues from natural gas. And, thus, if external pressure is an influential factor
in pushing the regime towards the breakdown and phase-out phases of transi-
tion, to what extent is a ‘managed’- meaning guided and directed—
decline possible?

From these conclusions we can draw several insights for the discussion on
a managed decline of fossil fuels. First of all, that strong government-fossil
fuel industry interdependencies can hamper and/or slow the phase-out of fos-
sil fuels and thus the transition towards a low-carbon energy system. This
indicates that the government should start breaking down such relations
throughout the fossil fuel value chain and at all government levels. However,
at the same time, it should see if it can use some of the existing ties as ‘levers’
in accelerating the shift away from fossil fuels. What if, for example, the
Dutch government started using its SOEs to invest in renewable energy? EBN
has state-of-the-art knowledge of the Dutch subsoil based on decades of oil
and gas exploration and well-drilling. This is knowledge that is also highly
relevant in further developing geothermal energy. Moreover, its involvement,
for example, by co-investing in production as it does in oil and gas, could
reduce (financial) risks. The government could start taking a more pro-active
role as a shareholder and start using its SOEs as a policy lever in the energy
transition. This would however require a shift in the government’s view on
dealing with SOEs. Although the government holds shares in these compa-
nies to secure the public good and officially strives towards being an ‘active
shareholder’ (Rekenkamer, 2015), the current attitude towards SOEs seems
to be to see them as independent entities that the government should not or
cannot control directly. Yet, GasTerra, and Gasunie are also used to enact the
‘small-fields policy’ to maximise gas production from small-fields and EBN to
support offshore production.

» The discussion around production has also led to measures aimed at reducing gas use. For example, new
houses in the Netherlands are no longer obliged to be connected to the gas grid, enforcement of existing
energy efficiency laws for companies has been increased, and large users of natural gas have been requested
to start switching to alternative sources of gas/energy.
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Secondly, when thinking about managing the decline of fossil fuels, gov-
ernment fossil fuel related income and spending should be taken into account.
On the one hand, because their existence can hinder or slow a decline, on the
other hand, because a decline could have an impact on public finances and
economic stability. If strong financial relations and/or dependencies exist it
might be prudential to plan-ahead instead of waiting for a shock, such as the
earthquake related fallout in the Netherlands, to occur. This also means look-
ing at how to ensure future public revenue from the energy system. For exam-
ple, in addition to using SOEs to accelerate the transition towards a renewable
energy-based system, they could at the same time also serve to ensure future
public revenue. If oil and gas were seen as resources that should provide ben-
efits to society as a whole, in the form of royalties and taxes, why should the
same not be the case for renewable sources of energy? Especially at a time
when gas production and related revenues are decreasing rapidly, damage pay-
ments will need to be made, and (offshore) wind is becoming cost competi-
tive: this could be fruitful in the Netherlands.?

Finally, from a transitions perspective, a managed decline involves a multi-
tude of actors, especially citizen initiatives and NGOs, and requires strong
external pressure by these actors on the system. The multi-actor aspect of
transitions and the possibility of a fossil fuel historical bloc’ means that it is
not enough to just look at the government when thinking about managing
the decline of fossil fuels. Other regime parties, such as SEOs involved in the
energy system, and external pressure in the form of crises have the potential to
accelerate the decline of fossil fuels. Especially, there is a role for collective
action, citizen initiatives and pressure groups, and NGOs such as, for exam-
ple, the global divestment movement, activist shareholders demanding more
insight in climate related risks, and citizens demanding change in leveraging
crises and building external pressure should not be underestimated. In the
Dutch case these have shown to be crucial in ‘opening’ up the regime and
providing space within and for the government to start steering towards a
decline of fossil fuels.
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Fossil Fuels and Transitions: The UK
Maximising Economic Recovery Strategy
and Low-Carbon Energy Transitions

Gokce Mete, Wairimu Karanja, and Nduta Njenga

1 Introduction

The current policy of the United Kingdom (UK) Government in relation to
the oil and gas industry is to maximise economic recovery from the UK con-
tinental shelf (UKCS). Simply named, the Maximising Economic Recovery
(MER) Strategy published by the Oil and Gas Authority (OGA) in 2016,
pursuant to the Petroleum Act 1998 and the Infrastructure Act 2015 (Oil and
Gas Authority, 2016) has the principal objective of recovering as much UK
petroleum as economically possible. The MER Strategy was the result of a
review of the UKCS commissioned by the UK Government and undertaken
by Sir Ian Wood, who published an interim report in 2013 and a final report
in 2014 (The Wood Review) (Wood, 2014). It is worth highlighting that Sir
Ian Wood’s background is in oil and gas investment in the North Sea (Forbes,
2019), and that he founded the Wood Group, a global company offering
engineering, project and technical services in the industrial and energy sectors
(Wood Group, 2019).

The Wood Review noted that over time, production in the UKCS had

fallen due to a variety of factors, including a fall in production efhciency and
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a sharp decline in exploration. The MER Strategy calls for collaboration
among UKCS licensees to attain the principal objective. According to the
Wood Review, if the MER Strategy was implemented fully, an estimated 3—4
billion barrels of oil equivalent (bboe), more than would otherwise be recov-
ered over the next 20 years (by 2035) under business-as-usual, could be recov-
ered. Translated into financial (economic) terms, this could contribute over
GB£200 billion to the UK economy.

One would not be amiss, however, in asking why the UK would be seeking
to maximise economic recovery of its petroleum in the face of the global
energy transition from fossil fuels to renewable and low carbon energy. The
UK is a contracting party of the Paris Agreement on Climate Change, 2015,
came into force in December 2016, upon ratification by the 55th party. To
date, 185 countries (out of 197) have ratified the Paris Agreement (United
Nations Framework Convention on Climate Change (UNFCCC), 2018).

The Paris Agreement seeks to hold the increase in global average tempera-
ture to well below 2°C above pre-industrial levels and pursue efforts to limit
the temperature increase to 1.5°C above pre-industrial levels. As a member of
the European Union (EU), the UK has committed to the EU Nationally
Determined Contribution (NDC) to achieve a 40% reduction in greenhouse
gas (GHG) emissions by 2030, compared to 1990 as the base year for com-
parison (UNFCCC, 2016). Domestically, the UK, under the Climate Change
Act 2008, aims for a net UK carbon account for the year 2050 that is least
80% lower than the 1990 baseline. These commitments will require a signifi-
cant reduction in the use of fossil fuels and the adoption of other stringent
measures to cut emissions.

The question then arises as to whether the MER Strategy fits into the UK’s
and the on-going global energy transition, and in particular, climate change
goals established under the Paris Agreement and the UK Climate Change Act
2008. This paper analyses the MER Strategy in light of the global energy
transition and seeks to answer this question.

Section 2 of this chapter will provide background to the reasons behind the
MER Strategy by discussing the contribution of the UKCS to the UK econ-
omy and energy security, and its rise and fall. Section 3 will discuss the UK
MER strategy in detail, including the findings of the Wood Review of 2014,
the policy provisions of the MER Strategy, and the MER Strategy in practice.
Section 4 will discuss the global energy transition and the UK ambitions and
obligations under the Paris Agreement. It will also discuss the UK’s national
obligations under the Climate Change Act 2008, and government policies
over the years that have called for a low-carbon transition. In addition, this
section will discuss the impact of Brexit on UK energy transition goals. Section
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5 will analyse the MER Strategy in light of the UK’s energy transition goals
and climate change obligations and seek to answer the question of whether
the MER Strategy can go hand in hand with the UK’s and the global energy
transition. Section 6 will provide a conclusion to this chapter and suggest a
way forward for the MER strategy in a world of climate change obligations
and energy transition goals.

2 The Rise and Fall of the UKCS

The UKCS comprises of the sea bed and subsoil beyond the UK’s territorial
sea over which the UK exercises sovereign rights of exploration and exploita-
tion of natural resources (Eisourcebook.org, 2015). The UKCS includes parts
of the North Sea, the North Atlantic, the Irish Sea and the English Channel
and is bordered by Norway, Denmark, Germany, the Netherlands, Belgium,
France and the Republic of Ireland, with a median line setting out the domains
of each of these nations as was established by mutual agreement between them
(Legislation.gov.uk, 1964).

After the passage of the Continental Shelf Act in 1964, the UK began
development of its offshore oil reserves. The UK was a net importer of energy
in the 1970s and became a net exporter of energy in 1981 after developments
in the UKCS. Production peaked in 1999, and in 2004, the UK stopped
being a net exporter of energy, and became a net importer: this has been the
position to date (Department for Business, Energy and Industrial Strategy
(BEIS), 2018).

The oil and gas industry in the UK has suffered significant setbacks since
the oil price started to fall from 2014. According to a 2018 UK House of
Commons Report titled, ‘Future of the UK Oil & Gas Industry’ (UK House of
Commons Library, 2018):

(a) as of 2018, the UK oil & gas industry (offshore and onshore) directly
employed 37,000 people, and 127,000 indirectly in relevant supply
chains. These numbers were a fall of 30% since 2013;

(b) in 2017/2018, government tax revenues from the oil & gas sector (corpo-
ration tax and petroleum revenue tax) were GB£1.2 billion, which was
substantially lower than the sector’s revenues in the 2008/2009 peak
period (GB£12.4 billion);

(c) in 2017, capital investment in the oil & gas sector was GB£5.6 billion,
compared to GB£15 billion in 2014;
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(d) in 2017, 94 wells (71 development, 14 exploration and 9 appraisal) were
drilled on the UKCS, the fewest since 1973; and

(e) the cost of decommissioning was GB£1.8 billion in 2017, a 48% increase
from 2016.

According to the UK House of Commons Report 2018, the Office for
Budget Responsibility’s January 2017 Fiscal sustainability report, predicted a
“long-run decline” in production from the UKCS (UK House of Commons
Library, 2018: 7). It should be borne in mind that, as noted in the Wood
Review production in the UKCS had fallen over the years principally due to
a fall in production efficiency and a sharp decline in exploration. The fall in
UKCS production is therefore not attributable to the UK’s climate change
goals and obligations.

In 2016, the Financial Times observed that numerous oil & gas assets in
the UKCS were for sale with many of the major oil and gas companies having
plans to reduce their activity, and some planning their complete exit where
buyers can be found. Smaller operators had closed down due to unmanage-
able debts. More than 120 fields had ceased production by 2016, and stood
idle without being formally abandoned, since the oil companies and the gov-
ernment were reluctant to spend the large sums involved in the abandonment
activity (Butler, 2016).

According to OilPrice.com, since peaking at 2.6 million barrels per day
(bpd) in 1999, UKCS production had been in decline until 2015, when it
started stabilising. This was largely thanks to start-ups and improved produc-
tion from existing fields with infill drilling. These start-ups include BP’s Quad
204 project in the west of Shetland region and EnQuest’s Kraken develop-
ment. Production in 2016 and 2017 was at an estimated 1.63 million boepd.
The decline is projected to resume in 2019 (OilPrice.com, 2018).

In its ‘World Economic Outlook’ for 2017, the International Energy Agency
(IEA) noted that though crude price has increased since late 2016, following
interventions by OPEC members to support the market, investment is not
sufficient to avoid the looming decline. The IEA noted that North Sea oil
production was expected to rise to 1.1 million barrels daily in 2018-2019. It
is then forecasted to drop by around 20% to 0.9 million bpd by 2023.
(IEA, 2017).

Oil and gas has provided the majority of the world’s primary energy needs
since the mid-1960s, with industries such as transport being almost totally
reliant on petroleum-based products. Even with the entry and expansion of
the use of renewable energy sources and new and better technologies which
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influence storage, the reliance of the global energy system on oil and gas
remains significant. This is largely because of the following reasons:

1. Continued worldwide population and economic growth, a large part of
which is expected in Africa and Asia. This will lead to increasing disposable
incomes and living standards. It is projected that global energy demand is
expected to grow by 30% by 2040;

2. Switching from coal to gas to reduce carbon intensity. According to the
IEA, in China, which is heavily reliant on coal for energy, coal use peaked
in 2013 and is set to decline by almost 15% over the period to 2040.
Natural gas is projected to be the 2nd largest fuel in the global mix after oil
by 2040 (IEA, 2017); and

3. There are many sources of energy demand where emerging technologies
and methods of supply which, though promising, do not yet provide an
effective alternative to the use of oil or gas.

This reliance on oil and gas also applies to the UK. In 2017, oil and gas
accounted for 72% of the UK’s total primary energy (UK House of Commons
Library, 2018). It is on the basis of assuring the UK’s energy security that the
UK government commissioned the 2014 Wood Review and adopted the
MER Strategy. The next section discusses the MER Strategy.

3 The UK Maximum Economic Recovery (MER)
Strategy

3.1 Introduction to the MER Strategy

The UK MER Strategy was published by the OGA in 2016 and sets out sev-
eral strategies for maximising economic recovery of oil & gas from the UKCS
(Oil and Gas Authority, 2016). As previously mentioned, the policy of the
UK Government in relation to the oil and gas industry is to maximise eco-
nomic recovery from the UKCS, and it is for this reason that the UK
Government commissioned the 2014 Wood Review by Scottish oil magnate,
Sir. Ian Wood. It should be noted that the Wood Review and the UK MER
Strategy are primarily focused on maximising economic recovery of the
UKCS, and do not appear to take into account factors such as climate change
and the UK policies on the energy transition.

At the time of preparation of the Wood Review, the UK Government body
charged with overseeing oil and gas activities in the UKCS was the Department
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of Energy and Climate Change (DECC) (now the Department for Business,
Energy and Industrial Strategy or BEIS). DECC was noted to be understaffed
in light of its responsibilities.

Under Section 9 A (2) of the Petroleum Act 1998 (as amended by the
Infrastructure Act 2015), UKCS MER would be achieved principally through:
(a) development, construction, deployment and use of equipment used in the
petroleum industry (including upstream petroleum infrastructure); and (b)
collaboration among holders and operators of petroleum licences, owners of
upstream petroleum infrastructure, and persons planning and carrying out
the commissioning of upstream petroleum infrastructure. (Legislation.gov.
uk, 1998).

The Wood Review noted that the UKCS production and landscape had
changed over time. It has a mix of frontier areas, assets over 30 years old or
approaching the end of their life, and new plays. It was noted that although
investments in the UKCS had reached a high of GB£14 billion in 2013, pro-
duction had fallen by 38% between 2010 and 2013 (a production deficit of
500 million boe) due to a variety of factors including a fall in production
efficiency and a sharp decline in exploration. According to the Wood Review,
if the MER Strategy was implemented fully, an estimated 3—4 billion barrels
of oil equivalent more than would otherwise be recovered over the next 20
years (by 2035) could be recovered, translating to a contribution of over
GB£200 billion to the UK economy.

In its response to the Wood Review, the UK government noted the MER
Strategy was in line with achieving the objectives under the Carbon Plan
2011, which shows that the UK will still need significant oil and gas supplies
over the next decades while it pursues decarbonisation efforts and transitions
to a low carbon economy (DECC, 2014).

The Wood Review noted that the UK’s ‘light touch’ regulatory model
which applied in the early days of large fields and large operators needed to
change. The model needed to adapt to a landscape with over 300 fields oper-
ated by both large and small operators, and in which greater interdependence
was required to exploit marginal fields and smaller discoveries. The Wood
Review made the following four (4) recommendations in order to achieve

UKCS MER (Wood, 2014):

1. The UK Government and industry should adopt a tripartite approach, and
commit to a new strategy to achieve MER in the UKCS;

2. Creation of a new regulator, independent of DECC (now BEIS), charged
with stewardship and regulation of the UKCS, and maximising collabora-
tion in exploration, development and production;
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3. Granting of additional powers to the new regulator to ensure that among
others: licences operate according to MER UK; there is an effective dispute
resolution mechanism that includes mediation and expert assessors; there
is a system of formal and informal warnings to operators which could lead
to the loss of operatorship and licences in the case of non-compliance; and
the regulator is able to attend consortium and management committee
meetings of operators; and there is transparent and timely data to enhance
competition; and

4. Developing and implementing sector strategies to achieve MER, with the
six principal strategies being: exploration (including data access); asset
stewardship (including production efficiency); regional development;
infrastructure; technology (including enhanced oil recovery and carbon
capture and storage (CCS)); and decommissioning.

Recommendation 2 on a new regulator led to the establishment of the OGA
which became an Executive Agency independent of DECC in 2015 and a
government company under the Companies Act in 2016.

In May 2016, at the Scottish Energy Jobs Task Force, the OGA, Oil &
Gas UK (an industry representative organisation) and stakeholders mapped
out ‘Vision 2035, the UK oil and gas industry’s long-term vision for the sec-
tor (UK Oil and Gas Industry, 2016). The purpose of Vision 2035 is to:
provide direction and instil confidence; inspire transformation and drive
collaboration; create competitive advantage; and secure investment and
drive value.

The MER Strategy is now geared towards achieving Vision 2035. There are
four main dimensions to Vision 2035: People—attracting a talented work-
force by securing investment in the industry and enabling transition to differ-
ent parts of the energy sector; Energy security—maximising economic
recovery from the UKCS; Technology—Ieading technology in mature basin
solutions; and Exports—maintaining a leading global position in sub-sea
engineering and sustaining the oil and gas sector long after the final economic
reserves have been produced.

3.2 Components of the MER Strategy

The MER Strategy has four (4) main components: the Central Obligation;
the Supporting Obligations; the Required Actions and Behaviours; and the
Safeguards (Oil and Gas Authority, 2016). Table 7.1 below discusses the 4

main components.
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The MER Strategy further provides that in instances where relevant per-
sons (licensees) decide not to ensure MER, the relevant persons must allow
other persons who are more financially or technically competent to seek MER
from the relevant licences or infrastructure by all appropriate means. This may
include licensees seeking investment from other persons, or divesting them-
selves of such licences or assets (Oil and Gas Authority, 2016: 13).

Table 7.1 The four components of the UK MER strategy

Strategy
component

Description

Central
obligation

Supporting
obligations

Required
actions &
behaviours

This is a high-level obligation of general application which requires

relevant persons to take the steps necessary to secure the maximum
value of economically recoverable petroleum from UK waters. There
is a legal obligation under the Petroleum Act 1998 to comply with
the MER Strategy.

These broadly set out how the Central Obligation applies in specific

circumstances under the areas of Exploration, Development, Asset
stewardship, Technology and Decommissioning: (a) Exploration—
licence holders are required to undertake exploration activities
within their licence area in an optimal manner for maximising the
value of economically recoverable petroleum from that area. A
licence holder cannot relinquish a licence without having completed
the work programme previously agreed upon; (b) Development—
any infrastructure is required to be optimally planned and
configured to maximise the value of economic recoverable
petroleum from the region it is located; (c) Asset stewardship—
owners and operators of infrastructure must ensure that its
operation and maintenance is such that it achieves optimum levels
of performance, including production and cost efficiency. This
includes licencees allowing access to infrastructure on fair and
reasonable terms; (d) Technology—relevant persons must ensure
that technology is deployed to optimum effect and in accordance
with plans produced by the OGA; and (e) Decommissioning—before
decommissioning of infrastructure, opportunities for the continued
use of the infrastructure must be considered and implemented in a
cost-effective way for maximum recovery of petroleum.

Create obligations to collaborate with others in the execution of the

MER Strategy. Any obligations under either the Central Obligation
or the Supporting Obligations must be executed within the
parameters below: (a) Timing—all obligations must be complied
within a timely fashion; (b) Collaborative effort—relevant persons
must consider whether collaboration or co-operation could reduce
costs and increase economic recovery of petroleum. Relevant
persons are also obligated to cooperate with the OGA; and (c) cost
reduction—this must be implemented throughout the petroleum
lifecycle, including in decommissioning.

(continued)
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Table 7.1 (continued)

Strategy
component  Description

Safeguards  The Safeguards (which the central and supporting obligations as well
as the required actions and behaviours are subject too) are: (a) No
conduct can be required under the MER Strategy which would be
prohibited under any legislation, including legislation on
competition, health, safety and environmental protection. Further,
no conduct can be required which would be prohibited under
common law (including the OGA's common law obligation to act
reasonably); (b) No person can be required to invest or fund activity
where they will not make a satisfactory expected commercial return
from it. Further, any delay or decision by a relevant person to
refrain from investment or activity can only be on the grounds that
it will not receive a satisfactory commercial return; (c) Where a
relevant person is required to invest or fund an activity that will
benefit a third party, that relevant person can require a fair and
reasonable financial contribution from the third party in an amount
which is fair and reasonable; (d) The assessment of what is fair and
reasonable must consider all the circumstances and, specifically, the
importance of realising the third party’s assets to meet the over-
arching central obligation; and (e) In order for there to be a balance
between the benefit to the UK and investor confidence, no
investment, funding or other conduct will be required where the
benefits of it to the UK are outweighed by the potential damage to
investor confidence in exploration/production projects offshore UK
that imposing the requirement will cause.

Note: Information derived from the UK Oil and Gas Authority (2016)

Where licensees allow other financially and technically competent persons
to pursue MER over their assets, the divesting licensees should not demand
compensation in excess of a fair market value or demand unreasonable terms
and conditions from the other persons. If after a reasonable period the rele-
vant person is unable to secure alternative funding or to divest themselves of
the asset then, they would be required to relinquish the related licenses.

3.3 The MER Strategy in Practice

As discussed, the MER Strategy is a collaboration between the UK govern-
ment and the industry, with the OGA as the regulatory body in charge of its
successful implementation. Aside from the regulator-licensee relationship,
industry stakeholders are involved through participation in the MER UK
Forum, MER UK Steering Group and six MER UK Taskforces (Oil and Gas
Authority, 2019). As such, there appears to be strong industry participation.
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The six MER UK Taskforces are the first tier of collaboration between gov-
ernment and industry and pertain to the areas of: (1) Asset stewardship; (2)
Decommissioning; (3) Efficiency; (4) Exploration; (5) Supply chain and
exports; and (6) Technology leadership.

Each taskforce has industry members from companies and Oil & Gas UK.
Each taskforce is also led by an industry representative, with an OGA support
lead. For instance, the Asset Stewardship Taskforce is presently led by a repre-
sentative from Apache, and members comprise of representatives from Total,
BP, NSMP, Doosan Babcock, EDF Energy, Oil & Gas UK, Repsol Sinopec,
Wood Group, ExxonMobil, Maersk, Costain, JMW, Chevron and Nexen
(Oil and Gas Authority, 2019: AS).

In 2018, to complement the MER UK Taskforces, the vice president and
director of Shell UK was appointed as the Industry Cultural Change
Champion, whose role is to “act as a catalyst for behaviour change to embed,
sustain and accelerate the cultural change of the industry through the integration,
prioritisation and sponsorship of change activities” (Oil and Gas Authority,
2019). The MER UK Steering Group has oversight over the six MER UK
Taskforces, and is also comprised of government, OGA and industry repre-
sentatives. The present co-chair is the managing director of Chevron Upstream
Europe. The MER UK Forum is the top-level principal platform which pro-
vides strategic direction and leads tripartite action among the UK govern-
ment, the OGA and industry. It consists of a small group of representatives,
meeting twice a year.

There are several case studies available from the OGA, setting out industry
success in implementing the MER Strategy. The OGA also confers annual
awards to companies or partnerships that have made commendable efforts in
implementing the MER Strategy (Oil and Gas Authority, 2018). Below are

some examples.

3.3.1 Tolmount Development

This pertains to the Tolmount Field, an undeveloped gas field in the North
Sea, and is a partnership between the two equal owners of the Tolmount Field
(Premier Oil and Dana Petroleum) on the one hand, and Humber Gathering
System Limited (a member of CATS Management Limited group of compa-
nies) on the other hand (Oil and Gas Authority, 2018). The Tolmount Field
was discovered in 2011, two appraisal wells drilled in 2013, and concept
selection completedin2016.1In2016, Premier approached CATS Management
Limited for development support. CATS agreed, and Premier, Dana and
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Humber entered into joint venture terms in 2018. The development will use
infrastructure known as the Humber Gathering System (HGS) comprising of
a Normally Unattended Installation platform and a 50 km gas export pipe-
line, which will connect to the Easington terminal in East Yorkshire. Premier
and Dana are the licencees, with Premier being the field operator, responsible
for the development plan, licence and well operations. Humber Gathering
System Limited and Dana would be the infrastructure owners, with Humber
the infrastructure operator. The HGS infrastructure is also designed to accom-
modate future in-field and third-party tie-backs. The development won the
2018 MER UK Awards for being a good example of efficient allocation of
resources among UKCS players.

3.3.2 BP—ETAP

This relates to the re-use by a third party of the ETAP Central Processing
Facility (CPF) which was first sanctioned in 1995 and is shared by nine dif-
ferent reservoirs (Oil and Gas Authority, 2018). With declining production
over the years, the CPF has capacity to host third party fields, and the ETAP
owners (being BP, Shell, Esso and Zennor) were approached by owners of a
third-party field for a tie-back to the ETAP CPE using the late-lie Heron sub-
sea pipeline system (HSPS) which is owned by Shell and Esso. The benefits of
using the HSPS tie-back that were identified include: material reduction in
capital expenditure for the new field; an increase of about 50% in ETAP-CPF
throughput and start-up of the new field; life extension of the ETAP-CPF;
and deferment of the decommissioning of the HSPS.

3.3.3 Spirit Energy and OGTC New Decommissioning
Technology

This pertains to the testing and development of a new disruptive decommis-
sioning technology, which would significantly reduce the cost of decommis-
sioning (Oil and Gas Authority, 2018). The technology uses an exothermic
chemical reaction generated using thermite to create a permanent barrier in a
well, by melding the well bore components and surrounding formation to
recreate the cap rock. The process had been tested in Canada amid low enthu-
siasm among industry players for field trials. The process had been improved
after further trials, but the service company supplier was reluctant to acceler-
ate product development. Spirit Energy stepped in to form the Thermite
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Collaboration Forum, with the support of the Oil & Gas Technology Centre
(OGTC). OGTC was established in 2016 as a funded project of the Aberdeen
City Region Deal, and is supported by the Scottish Government, UK
Government, Aberdeen City Council, Aberdeenshire Council and
Opportunity North East (The Oil & Gas Technology Centre, 2019). The
Thermite Collaboration Forum leverages off the resources and expertise of
operators and means that trials share common processes without duplication.
The OGTC estimates that the new technology will have a value to the indus-
try exceeding GB£100 million.

According to the MER UK Forum Steering Group and Taskforces Annual
Update 2017, MER efforts are bearing fruit and in 2016/2017, production
was at 1.63 million boepd, an increase from 1.42 million boepd in 2013/2014.
Production efficiency had increased from 65% in 2014 to 73% in 2016, and
average unit operating costs were at GB£12 per boe in 2017, a decrease from
GB£19 per boe in 2014. The Annual Update 2017 projected that an addi-
tional 2.8 billion boe would be produced by 2050, as compared to the pre-
Wood baseline forecast.

The UK MER Strategy therefore seems not only to have great government
support and legislative backing, but also the support and active involvement
of industry. The question then would be how the MER Strategy fits into the
UK’s and the global energy transition, and in particular, climate change goals
under the Paris Agreement on Climate Change 2015 and the UK Climate
Change Act 2008. As a background to this discussion, the following section
focuses on the UK climate change goals, the Paris Agreement and the global
energy transition. It should also be noted that Brexit is likely to have an impact
on UK energy transition, and also on the UK MER Strategy, and this is dis-
cussed in more detail in Sect. 4.3 below.

4 The Global Energy Transition, the Paris
Agreement and UK Energy Policies

4.1 The Global Energy Transition and the Paris
Agreement

The energy transition has been described by the International Renewable
Energy Agency (IRENA) as a pathway towards transformation of the global
energy sector from fossil-based to zero-carbon by the second half of this cen-
tury. At the core of the energy transition is the need to reduce carbon dioxide
emissions in order to limit climate change (IRENA, 2019).
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The global energy transition action can perhaps be attributed to the United
Nations Framework Convention on Climate Change (UNFCCC) of 1992
(UNFCCC, 1992). Under the UNFCCC, contracting parties recognised the
threat of climate change, and the fact that the largest share of GHG emissions
originated and continue to originate from developed countries, and that there
was need to limit GHG effects under the principle of common but differenti-
ated responsibilities. Within the UNFCCC framework, there have been sev-
eral treaties and protocols entered into by member countries relating to
climate change, including the 1997 Kyoto Protocol.

Since then various countries have taken both national and multi-national
measures to combat climate change. The UK has energy transition targets for
a low carbon economy and climate change goals under the Climate Change
Act of 2008 and the Carbon Plan 2011 (HM Government, 2011). As a mem-
ber of the EU it also subscribes to EU legislation, directives and guidelines on
a low-carbon transition.

The global energy transition to low-carbon and renewable energy gained
further impetus in 2016, when the Paris Agreement of 2015 came into force
in December 2016 (UNFCCC, 2018). The Paris Agreement was entered into
to combat climate change and to accelerate and intensify the actions and
investments needed for a sustainable low carbon future. The United States of
America (USA), which indicated its intention to withdraw from the Agreement
in 2017, will, under Article 28 of the Paris Agreement, have to wait for some
years before it can fully withdraw. Withdrawal is provided for at any time after
three years from the date that the Paris Agreement enters into force (being
December 2019) and such withdrawal would be effective after one year from
the date of receipt of the notification of withdrawal by the Paris Agreement
depository.

The UNFCCC’s main aim is the stabilisation of GHG concentrations in
the atmosphere at a level that would prevent dangerous anthropogenic inter-
ferences with the climate system. Under Article 2, the Paris Agreement aims
to strengthen the global response to climate change by: (a) Holding the
increase in the global average temperature to well below 2°C above pre-indus-
trial levels and pursuing efforts to limit the temperature increase to 1.5°C
above pre-industrial levels; (b) Increasing the ability to adapt to the adverse
impacts of climate change and foster climate resilience and low GHG emis-
sions development, in a manner that does not threaten food production; and
(c) Making finance flows consistent with a pathway towards low GHG emis-
sions and climate-resilient development. Under Articles 3 and 4, each mem-
ber of the Paris Agreement is required to commit to reduce GHG emissions
and adapt to the impacts of climate change through NDCs, which are reflec-
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tive of the different levels of development under the principle of common but
differentiated responsibilities.

The UK, as a member of the EU, forms part of the EU NDC that was
submitted in November 2016 on behalf of the 28 EU member states.
Under the EU NDC, EU member countries aim to achieve a 40% reduc-
tion in GHG emissions by 2030, compared to the 1990 base year
(UNFCCC, 2016).

Some of the measures taken by countries to limit climate change and reduce
the effects of GHG emissions include a shift from fossil fuels to renewable
energy; decarbonisation and electrification of transport, buildings and indus-
try; adoption of energy efficiency technology, energy storage; carbon capture,
utilisation and storage (CCUS); and use of hydrogen (IEA, 2018). It should
be noted that whereas in past years, the global energy transition has been
government-policy led, in recent years, technological innovation, cost effi-
ciencies, and increasing consumer demand are driving renewables (particu-
larly wind and solar) to be preferred energy sources. According to Bloomberg,
thanks to falling costs, unsubsidised onshore wind and solar have become the
cheapest sources of electricity generation in nearly all major economies of the
world, including India and China. The comparative costs for power genera-
tion which are the levelised costs of electricity show that, as of 2018, onshore
wind and solar were the cheapest power generation sources for all major econ-
omies except for Japan (Ross, 2018).

In its 2018 ‘World Energy Outlook’, the IEA estimated that energy demand
was set to grow by more than 25% to 2040, requiring more than US$2 tril-
lion a year of investment in new energy supply. According to the IEA, govern-
ments still have a huge role to play in the global energy transition and crafting
the right policies and proper incentives will be critical to meeting the com-
mon goals of securing energy supplies, reducing carbon emissions, and
expanding basic access to energy across the world (IEA, 2018). Further, the
IEA projects that across all regions, fuel sources and technology policy choices
made by governments will determine the shape of the energy system of
the future.

4.2 The UK'’s National Energy Transition and Climate
Change Policies

As mentioned, even prior to the Paris Agreement, the UK had set goals to
limit climate change and effect an energy transition under the Climate
Change Act of 2008 and the Carbon Plan of 2011. More recently, in
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October 2017, the UK published the Clean Growth Strategy 2017 under
the Climate Change Act 2008 (HM Government, 2017). The Clean Growth
Strategy was amended in April 2018 and submitted to the UNFCCC as the
UK’s long-term low emissions strategy under the Paris Agreement
(Mead, 2018).

The Climate Change Act 2008 provides for the net UK carbon account for
the year 2050 to be at least 80% lower than the 1990 UK baseline. The Act
sets five-year carbon budgets for achieving the target. The goals under the
Climate Change Act 2008 are repeated in the Carbon Plan 2011, and in the
Clean Growth Strategy 2017. The Carbon Plan 2011 and the Clean Growth
Strategy 2017 were published as part of the UK Secretary of State’s obligation
under the Climate Change Act 2008 to present to the Parliament reports set-
ting out indicative annual ranges of the net UK carbon account and proposals
for meeting the carbon budgets.

In addition to the above policies, the UK has formulated sectoral policies
on how specific sectors would contribute to low-carbon emissions. These are
set out in Table 7.2 below.

With regard to the electricity pathway, the question of energy storage
would arise, and it is noted that even today, energy storage projects are on the
rise (see Chap. 21 for a discussion of the role and importance of energy stor-
age). According to trade body RenewableUK, applications for energy storage
projects in the UK have grown from 2 MW in 2012, to over 6.8 GW in 2018
(Wind Power Monthly, 2018). In August 2018, the 49.9 MW Pelham proj-
ect (the largest battery energy storage project in the UK) was completed
(Power Engineering International, 2018). This trend is set to grow in
the future.

Table 7.2 UK sectoral policies on sectoral contributions to low carbon emissions

Policy Description

Industrial Published in November 2017 and sets out strategies for development,
Strategy manufacture and use of low carbon technologies, systems and services
(2017) that cost less than high carbon alternatives (BEIS, 2017).

Road to It was published in July 2018 and aims for the UK's global leadership in

Zero the design and manufacturing of zero emission vehicles, and for all
Strategy new cars and vans to be effectively zero emission by 2040. The UK aims
(2018) for 50%-70%, of new car sales and up to 40% of new van sales to be

ultra-low emission by 2030, and to end the sale of new conventional
petrol and diesel cars and vans by 2040 (Office for Low Emission
Vehicles, 2018).

(continued)
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Table 7.2 (continued)

Policy

Description

Clean
Growth
Strategy
(2017)

2017 outlines action up to 2032, and highlights pathways to the UK’s 2050
target of 80% reduction in carbon emissions. It recognises that since 1990
up to 2017, the UK had cut carbon emissions by 47%, while growing the
economy by 60%. The Clean Growth Strategy 2017 (HM Government,
2017) sets out the following principle strategies and proposals:

(a) Green finance, and accelerating green growth: Through financing
clean technology, with a committed injection to an early stage capital
fund of GBP 20 million;

(b) Improving efficiency in business and industry, which account for
25% of UK emissions. This will be achieved through building
regulations promoting efficiency, and industry decarbonisation plans.
Within this is also a big push to fund and develop technology for
CCUS. The CCUS plans include a committed GBP 100 million in CCUS
innovation, so as to deploy CCUS at scale in the UK;

(c) Improving efficiencies in UK homes, which account for 13% to UK
emissions. This will be achieved through among others: investment of
about GBP 3.5 billion to upgrade a million homes; rolling out low
carbon heating; and investing more in smart metering;

(d) Improving efficiencies in UK homes, which account for 13% to UK
emissions. This will be achieved through among others: investment of
about GBP 3.5 billion to upgrade a million homes; rolling out low
carbon heating; and investing more in smart metering;

(e) Accelerating the shift to low carbon transport, which account for
24% of UK emissions; achieved through the strategies set out in the
Road to Zero Strategy.

(f) Accelerating clean smart and flexible power, which account for 21%
to UK emissions. This will involve: phasing out unabated coal power
plants by 2025; exploring future nuclear power projects; increasing
investment in renewable energy; providing for clarity on carbon pricing;
and investing up to GBP 900 million in power sector innovation;

(g) Enhancing value in from natural resources, which account for 15%
of UK emissions. This will include innovation and investment in land use,
including forestry, agricultural support; working towards zero avoidable
waste by 2050 and managing emissions from landfill and peatland;

(h) Tighter targets for the public sector, which accounts for 2% to UK
emissions, and greater leadership by government. Beyond 2032, the Clean
Growth Strategy 2017 offers three (3) possible pathways towards 2050:

(i) Electricity pathway: In this pathway, electricity would be the main
source of energy in 2050. There would be more electric vehicles, gas
boilers would be replaced with electric heating and industry would move
to cleaner fuels. In the pathway, by 2050, CCUS would not be in use.

(i) Hydrogen pathway: In this pathway, by 2050, hydrogen would
be the main source of fuel for homes and buildings, cars and industry.
Existing gas infrastructure would be adapted to deliver hydrogen.
There would be a shift to using natural gas for hydrogen production
and capturing the emissions with CCUS.

(iii) Emissions removal pathway: Under this pathway, sustainable
biomass power stations are used together with CCUS. Carbon would be
removed from the atmosphere by plants (biomass) as they grow and,
when the biomass is used to generate electricity, emissions would be
captured by the plants (as a cycle).
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4.3 The Role of CCUS in the UK’s Future Energy
Transition Policies

CCUS receives a huge focus under the Clean Growth Strategy 2017, as it did
under the Carbon Plan 2011. Subsequent to the Clean Growth Strategy 2017,
the UK government published the ‘Clean Growth: UK Carbon Capture Usage
and Storage Deployment Pathway Action Plan’ (the CCUS Action Plan 2018)
(HM Government, 2018). CCUS is an integral component of the 3 main
pathways under the Clean Growth Strategy 2017 discussed in Table 7.2 above.

Under the CCUS Action Plan 2018, the UK’s ambition is to commission
its first CCUS facility in the mid-2020s and deploy CCUS at scale in the
2030s (see Chap. 2 for a wider discussion of carbon capture, usage and stor-
age). According to the Committee on Climate Change, the scale of CCUS
required by 2050 may be between 60-180 MtCO2 per year (HM Government,
2018: 15).

The UK considers that CCUS is key to a least cost energy system decar-
bonisation pathway to 2050 and aims to invest in its development and deploy-
ment, subject to costs coming down. The CCUS Action Plan 2018 identifies
amongst others the following action plans for development of CCUS to meet
the needs of the Clean Growth Strategy 2017:

1. Possible sites for CCUS facilities: The main sites identified are the St.
Fergus North Sea gas terminal, the Grangemouth industrial centre, the
Teeside industrial centre, the Humberside industrial centre, the Merseyside
industrial centre, and the South Wales industrial centre (HM Government,
2018: 16);

2. Institutions that will lead in achieving the CCUS Action Plan: These insti-
tutions comprise the government, industry, academia and professionals.
They include Carbon Capture Machine (a Carbon X-Prize finalist),
University of Strathclyde, University of Edinburgh, Drax (a CCUS com-
pany), University of Shefhield, University of Cambridge, Imperial College
London, Aberdeen, Teeside Collective, Linklaters LLP and OGCI Climate
Investments (HM Government, 2018: 17);

3. Funding for CCUS research and development: the UK government
announced a GB£20 Million CCU Demonstration Programme to fund
design and construction of CCU demonstration plants in the UK, a GBP
15 Million Call for Innovation Fund, and a GBP 6.5 Million contribution
to the global Accelerating Carbon Technologies (ACT) research pro-
gramme (HM Government, 2018: 22); and
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4. Global CCUS development partnerships: The UK has in place collabora-
tion programmes on CCUS with the IEA, the Global CCS Institute,
Norway, Saudi Arabia, Mexico, the United States, and some developing
countries (HM Government, 2018: 21).

Whereas the CCUS Action Plan 2018 and UK efforts to develop CCUS are
laudable, it is questionable whether it is realistic to hedge the UK’s future
energy transition and climate change obligations on the future development
of CCUS facilities that are not presently in existence.

The question of the likelihood of large scale CCUS deployment by the UK
in the near future should be considered in light of the current reality. The
Energy Institute, while referring to a CCUS database maintained by the
Global CCS Institute noted, as of February 2019, that there were 23 large-
scale CCS facilities in operation or under construction globally (Energy
Institute, 2019). According to the Global CCS Institute’s Carbon Capture and
Storage Readiness Index 2018 the UK was among the leaders in creating an
enabling legislative and business environment for the development of
CCUS. The Index noted that there were 18 CCUS operating facilities, 12 of
which were located in the US and Canada, and that these facilities had been
initially developed for purposes of enhance oil recovery, and not climate tar-
gets. In relation to the status of CCUS in meeting climate targets, the Index
concluded that, ‘no nation, including the leaders, have yet established the condi-
tions necessary to drive deployment at the rate required to meet ambition climate
targets (Global CCS Institute, 2018).

Considering the above, it remains to be seen whether the UK’s CCUS
ambitions under the CCUS Action Plan 2018 and the Clean Growth Strategy
2017 are achievable within the timelines required to fulfil the UK’s cli-
mate targets.

4.4 Brexit and UK/EU Energy Transition Relations

There is wide-ranging discussion as to the impact of Brexit on the UK and EU
climate change goals. On the 26th June 2016, a UK referendum on whether
to leave or remain in the EU voted by a slim majority of 51.9% to leave the
EU. On the 29 March 2017, the UK, formally commenced the process under
Article 50 of the Lisbon Treaty of 2007 (Hunt and Wheeler, 2019). The UK
was set to formally leave the EU on the 29th March 2019, under the 2-year
process in Article 50, although this period has already been extended (BBC
News, 2019) and might be further extended until the end of the year or 2020
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depending on the EU and the UK Government (The Guardian, 2019). It
should be noted that by the time of publication the status of Brexit may
change, including the likelihood that Brexit may occur at a date later than the
dates referred above, or may not occur at all.

As a current member of the EU, the UK is subject to EU energy and cli-
mate change policies, legislation and programmes, including: the EU
Emissions Trading Scheme (EU ETS); the European Atomic Energy
Community; the EU Third Energy Package, and several EU directives, includ-
ing the EU Renewable Energy Directives, the Clean Energy Package and the
EU Industrial Emission Targets Directive 2010. The 5th Carbon Budget
adopted in 2016 assumes continued participation of the UK in the EU ETS
and the House of Commons Business, Energy and Industrial Strategy
Committee had in the past recommended remaining in the EU ETS at least
until 2020 (Norton Rose Fulbright, 2018).

The Clean Growth Strategy 2017 recognises that Brexit will have an impact
on the UK’s energy policies, but stresses this will not affect the UK’s commit-
ments to climate change, since the targets under the Climate Change Act
2008 are more ambitious than the EU NDC under the Paris Agreement.
Saying that, the Clean Growth Strategy 2017 notes four areas where the UK’s
emissions policies rely on EU mechanisms:

1. EU ETS, which accounts for about 40% of UK emissions under car-
bon budgets;

2. New car and van carbon regulations, and EU fluorinated gas quotas;

3. EU products policy which sets minimum standards for a range of products
relating to energy efficiency; and

4. Non-energy and climate EU frameworks such as the Common
Agricultural Policy.

The Clean Growth Strategy 2017 acknowledges that current UK energy tran-
sition and climate change policies consider EU policies, and that detailed
future policies will be formulated as the UK negotiates a post-Brexit deal
with the EU.

Having discussed the MER Strategy, the global energy transition and the
UK energy transition and climate change goals, the question that arises then
is whether the MER Strategy is in line with the UK’s energy transition and
climate change obligations internationally under the Paris Agreement, and
nationally under the Climate Change Act 2008. The next section analyses and
seeks to offer an answer to this question.
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5 The MER Strategy Versus The Global Energy
Transition

5.1 The Impact of the MER Strategy on Energy
Transition and Climate Change Targets

Can the UK successfully implement the MER Strategy in light of the UK
energy transition and climate change commitments under the Paris Agreement
and the Climate Change Act 2008? This question has drawn varied reactions.

In 2015, Client Earth, a climate change NGO, referring to the provisions
of the then Infrastructure Bill (now the Infrastructure Act 2015) which legis-
late the MER Strategy, noted that, “if more fossil fuels are extracted, more will
be burnt. Whether they are burnt at home or abroad, the detrimental effect on
climate is the same. And if they won't be burnt, they shouldn’t be extracted in the
first place” (ClientEarth, 2015).

The 2014 Wood Review estimated that implementation of the MER
Strategy would recover 3—4 billion boe more than would otherwise be recov-
ered by 2035. The 2017 Vision 2035 Annual Update estimated that an addi-
tional 2.8 billion boe would be produced by 2050, as compared to the
pre-Wood baseline forecasts. Irrespective of whether these billions of boe are
burnt in the UK or exported, does the UK energy and climate change policy
sufficiently cater for limiting the carbon emissions arising from this?

In its 2014 response to the Wood Review, the UK government noted the
MER Strategy was in line with achieving the objectives under the Carbon
Plan 2011, which shows that the UK will still need significant oil and gas sup-
plies over the next decades while it pursues decarbonisation efforts and transi-
tions to a low carbon economy (DECC, 2014). The Carbon Plan 2011
recognised that the UK would need oil and gas supplies as it transitions, so as
to avert threats to energy security (HM Government, 2011). The Carbon
Plan 2011 noted three challenges to the UK’s energy security, as follows:

(a) It was projected that by 2020, the UK could be importing 50% of its oil
and 55% more of its gas. This would be amid risks of volatile energy
prices and physical disruptions caused by rising global demand and geo-
political instability;

(b) It was estimated that the UK would lose a fifth of its electricity generating
capacity due to closure of coal and nuclear plants; and

(c) It was projected that even though dependence on imported energy would
fall in the long term, the UK would face a challenge in balancing inter-
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mittent energy supplies from renewables. The UK energy system there-
fore needed to be resilient to mid-winter peaks in heating demand and
intermittent electricity supply due to low wind speeds.

The Carbon Plan 2011 noted that even in 2050, gas would still contribute
to electricity generation in power stations fitted with carbon capture and stor-
age (CCS) technology, as a back-up for intermittent renewables electricity
supply (HM Government, 2011). As discussed in the Clean Growth Strategy
2017, CCUS is projected to play a key role in limiting climate change, and
under the CCUS Action Plan 2018, the UK’s ambition is to commission its
first CCUS facility in the mid-2020s and deploy CCUS at scale in the 2030s.

The Clean Growth Strategy 2017 suffered an indictment when the
Committee on Climate Change advised that the Strategy falls short of meet-
ing the Fourth and Fifth Carbon Budgets, even when taking a ‘generous’ view
of the plans and policies it sets out. The UK Committee on Climate Change
criticised the Clean Growth Strategy 2017 as relying on surpluses from previ-
ous carbon budgets, which are based on changes to the UK’s share of the EU
ETS and the 2008 financial crisis, rather than from early climate action
(Carbon Brief, 2018).

It should also be noted that depending on the Brexit deal agreed, this will
have an impact on the UK’s climate targets, and benefits from the MER
Strategy and Vision 2035. The EU ETS currently accounts for about 40% of
UK emissions under the carbon budgets. How will this play out after Brexit?

Ultimately, even in the application of the MER Strategy, the UK will be
required to follow the legal requirements of the Climate Change Act 2008,
and its commitments under the Paris Agreement. Indeed, one of the MER
Strategy Safeguards is that no conduct can be required under the MER
Strategy which would be prohibited under any legislation, including legisla-
tion on environmental protection. In 2015, Client Earth also stated that
although legislation in 2015 to expand fossil fuel recovery was questionable,
the UK’s climate change commitments remained the predominant guide to
UK energy policy.

Energy security is an important consideration for the UK and is a driving
force for the MER Strategy. However, it appears that whether the MER
Strategy is in line with the UK’s climate change commitments depends on the
UK’s ability to use CCUS to offset the carbon emissions arising from the
consumption of the oil and gas that will be recovered from the UKCS. This
will not be without challenges.

Noting that the UK presently does not have a developed CCUS facility,
and noting that globally, there are only 18 large-scale CCS facilities (Global
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CCS Institute, 2018), it is questionable whether the UK can develop CCUS
technology and facilities fast enough to fulfil the estimate 60-180 MtCO2
per year CCUS required by 2050 in order to fulfil the UK’s climate change
obligations (HM Government, 2018: 15).

5.2 The UKCS to 2050 and Beyond—Life During
and After MER

During MER, end of life assets and infrastructure will continue to require
decommissioning. Further, the MER Strategy and Vision 2035 give projec-
tions for MER up to 2050. The 2017 Clean Growth Strategy’s possible path-
ways towards 2050 project either an electricity pathway where fossil fuels and
CCUS will no longer be in use; a hydrogen pathway where gas will no longer
be in use; or an emission reduction pathway that will be heavily reliant on
biomass and CCUS, rather than oil and gas. Options for use of the UKCS
beyond decommissioning, and beyond the MER Strategy, will therefore still
need to be considered.

How can assets and infrastructure in the UKCS be best utilised in light of
the energy transition? Several options have been considered by the UK and
the EU, relating to the multi-use of offshore platforms.

In principle, Multi Use Platform (MUP) concepts integrate different mari-
time economic activities (such as oil and gas, renewable energy, fishing and
tourism) within the same space. In line with the EU’s Blue Growth Strategy,
this business model provides a series of potential advantages: efficient use of
marine space, sharing of risks and costs, sharing resources, reduced environ-
mental impacts, and enhanced socio-economic benefits (Maritime Forum—
European Commission, 2018).

Delivering this vision will require tools that identify viable multiuse com-
binations allowing for the optimal use of sea space. For instance, oil and gas
pipelines can probably be used to store energy or transport hydrogen.
Additionally, old platforms, which are in close proximity to new wind farms,
could be re-used as sub-stations. In practice however, multi-use is still at the
inception stages though there have been some notable pilot projects which
have gleaned some valuable information. These include:

5.2.1 The EU-Backed Mermaid Project (Vliz.be, 2015)

This project looked at how multi-use platforms could be developed around
the European coast. It tested uses of platforms in the Baltic Sea, the Wadden
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Sea off the Dutch coast, the Atlantic Ocean (Bay of Biscay) and the
Mediterranean. The different platforms combined wind turbines and fish
farming, and seaweed farming and wave energy. The project found significant
benefits in terms of efficiencies arising from shared infrastructure, resources
and services (such as maintenance services).

5.2.2 The Space@Sea Project (Space@Sea, 2017)

This project is also EU backed and runs until 2020 and is working on the
creation of a concept of a low ecological impact island that could be deployed
at sea and would have such combined uses as energy and transportation hubs,
as living space and for food production.

5.2.3 Algae Production

The possibilities for using algae production in the North Sea are also being
examined; algae produce proteins that can be useful to the pharmaceutical
sector and be used as bio-fuel for cars or electricity plants. The resulting CO,
emissions can then be degraded in equal measure (PwC, n.d.).

5.2.4 The MUSES (Multi-Use in European Seas) Project Under
the European Commission Maritime Forum

The project was concluded in 2018 and studied the organisational and legal
challenges which inhibit the uptake of MUP. The project set out different
groups of recommended measures for multi-use projects, depending on the
combination of activities, for example, wind energy and fish farming or algae
production. It concluded that a strategic approach to multi-use is critical in
order to accommodate the organisational, legal and environmental consider-
ations across numerous regimes.

There are challenges to the uptake of MUD, which are mostly of an organ-
isational and legal nature. This is especially so where different activities in the
seas are subject to different permitting regimes and regulatory processes. Such
obstacles might mean that the costs of installing a MUP will be high relative
to separate single-use platforms, even though the ongoing costs of running
MUPs might be lower. The MUSES project set out that a strategic approach
to accommodate legal and organisational differences across different regimes
is critical (Maritime Forum—European Commission, 2018).
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6 Conclusion

This paper has sought to answer the question of whether the UK can success-
fully implement the MER Strategy in light of the UK energy transition and
climate change commitments under the Paris Agreement and the Climate
Change Act 2008 and other UK policies.

Section 1 introduced this paper. Section 2 provided an understanding of
the UKCS, its historical contribution to the UK economy and energy secu-
rity, and the decline of the UKCS production. In doing so, the section pro-
vided a background into the motivation behind the formulation of the UK
MER Strategy.

Section 3 discussed the MER Strategy, including a discussion of the back-
ground of the MER Strategy as conceptualised by the 2014 Wood Review. It
analysed in detail the components of the MER Strategy and discussed the
various obligations of the UK government and licencees and examples of the
MER Strategy in practice. In particular, this section notes that with the coop-
eration and collaboration among licencees and the government in pursuing
the MER objectives, the strategy is underway to achieve maximum economic
recovery objectives under both the MER Strategy and Vision 2035, leading to
recovery of an estimated 3—4 billion barrels of oil equivalent more than would
otherwise be recovered by 2035, and more by 2050.

Section 4 discussed Paris Agreement climate change commitments, the
global energy transition and the UK energy transition goals. The main goal of
the Paris Agreement is to reduce the increase in the global average tempera-
ture to well below 2°C above pre-industrial levels and pursuing efforts to limit
the temperature increase to 1.5°C above pre-industrial levels. The UK has
emission reduction targets of 80% lower than the 1990 baseline. This Section
explained the various low-carbon strategies engaged globally and by the UK
to reduce carbon emissions, including uptake of renewable energy, use of
hydrogen and the robust development of CCUS. The Section also discussed
the impeding impact of Brexit on the UK climate change and energy transi-
tion goals.

Section 5 critiqued the UK MER Strategy and its compatibility with the
global and UK energy transition and climate change objectives. The Section
concludes that energy security is indeed an important consideration for the
UK and is a driving force for MER UK. However, whether the MER Strategy
is in line with the UK’s climate change commitments depends on the UK’s
ability to use CCUS to offset the carbon emissions arising from the consump-
tion of the oil and gas that will be recovered from the UKCS. The UK pres-
ently does not have a developed CCUS facility, and globally, there are only 18
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large-scale CCS facilities. Considering this, it appears questionable whether
the UK can develop CCUS technology and facilities fast enough to fulfil the
estimate 60-180 MtCO2 per year CCUS required by 2050 in order to fulfil
the UK’s climate change obligations.

In order for the UK to retain the MER Strategy whilst keeping true to its
climate change and energy transition obligations and objectives, the UK
would need to do much more to champion sector-wide energy efhciency
efforts and highly innovative low-carbon and emissions removal technology.
This will require substantial financial investment in billions of pounds, policy
and institutional support from government and private sector buy-in. Further,
the UK would still need to consider options for the UKCS beyond MER UK,
and amid the country’s 2050 low-carbon pathways. Can achieving the MER
Strategy hand in hand with the UK’s climate targets be a practical reality, or
will it be like sighting a mermaid in the sea? This remains to be seen.
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Enacted Inertia: Australian Fossil Fuel
Incumbents’ Strategies to Undermine
Challengers

Marc Hudson

1 Introduction

The need for a transition to sustainability is well understood (Jenkins et al.,
2018). For the last four decades—and especially since 2006—pleas and
exhortations for a new set of economic and cultural institutions to sustain
human civilisation have become routine (Gough, 2017; Raworth, 2017).
Given that a large proportion of anthropogenic greenhouse gas (GHG) emis-
sions come from the use of fossil fuels to provide either propulsive energy or
for electricity generation, the energy sector is often studied as one sector in
need of rapid transformation.

There is burgeoning interest in the subject of power within sociotechnical
transitions (Avelino, 2017) because those who own the infrastructure—of
extraction, distribution or retail—are, understandably, keen to continue their
profitable business, and have acted extremely effectively in their own defence.
The means by which they do this have been studied by journalists and aca-
demics. The effectiveness of the ‘carbon club’ (Legget, 1999) is outlined in
journalistic exposes (Gelbspan, 1998, 2004; Goodell, 2007), and more schol-
arly works (Oreskes and Conway, 2010; McCright and Dunlap, 2010). In
order to incentivise, accelerate (or at the very least manage) the decline of
incumbents, it is necessary to understand their, past, current and potential
defensive strategies.
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This chapter outlines the political, economic and cultural strategies and
tactics deployed by them and their proxies in their (largely successful) efforts
at slowing the Australian energy transition. By incumbents I mean industry
actors (CEOs, business lobby groups) who profit from the status quo, and
political actors (politicians, bureaucrats) who defend that status quo from
self-interest and/or ideological commitment. In addition to a practical contri-
bution, it helps thicken our understanding of power and agency within socio-
technical transitions, and the role of the state within transitions (Johnstone
and Newell, 2018). The data for the chapter drawn from interviews and archi-
val research conducted during the author’s PhD research. This includes other
researchers’ PhD theses, which are rich sources of quotations from industry
actors (Pearse, 2005; Sharova, 2015).

Australia is a special case; it is particularly vulnerable to climate impacts,
has virtually unlimited supplies of sun and wind for renewable energy genera-
tion but its per capita GHG emissions are the highest in the OECD
(Organization for Economic Cooperation and Development) , despite policy-
maker awareness of anthropogenic global warming dating back more than 30
years (Hudson, 2017¢). The cause of this seeming paradox is Australia’s reli-
ance on coal and natural gas for electricity generation which gives enormous
potential power to the specific businesses. (Hamilton, 2001, 2007; Pearse,
2005, 2007, 2018; Taylor, 2014; Sharova, 2015). Alongside wind and solar,
Australia has superabundant quantities of black and brown coal, and natural
gas. The world’s largest coal exporter since 1984, it has built enormous
Liquefied Natural Gas (LNG) export infrastructure over the last decade.
Many have noted the enormous inertia in the energy system, but this inertia
has to be constantly (re)-enacted and re-enforced.

Australia has been a Federation since 1901, comprising six states and two
territorial governments which guard their powers carefully. Its constitution is
silent on environmental matters, and states have jealously guarded their pre-
rogatives. Although the Federal government does in theory have the legal
power to halt environmentally-damaging projects, it has been extremely
reluctant to invoke these legal powers. A mining boom in the 1960s and
1970s, followed by restructuring of the Australian economy (Kaptein, 1993)
did nothing to alleviate these state-Federal tensions. Government switches
between the Australian Labor Party (ALP)—a nominally left-centrist party,
and the Coalition, made up of a free-market Liberal Party and the socially
conservative National Party.

Awareness of possible climate impacts caused by anthropogenic human-
caused gas emissions is hardly new (Table 8.1). An April 1957 Sydney Morning
Herald front page story warned of it (Anon, 1957). Concerns about climate
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Table 8.1 Timeline for climate change issues in Australia (1969-2017)

Year Description

1969 Australian scientists begin to alert policymakers to the existence of a
long-term problem.

1988 Climate change first becomes a salient public policy issue.

1990 Australia announces an ‘interim planning target’, with caveats about
not taking actions which would harm the Australian economy.

1992 Australia ratifies the UNFCCC. A domestic policy, the National
Greenhouse Response Strategy, made up of only voluntary measures,
is agreed.

1995 The Keating Government briefly considers imposing a small carbon tax

to fund research and development into renewable energy and
energy efficiency.

1997 Australia secures extremely generous terms at COP3.

2002 Prime Minister Howard announces Australia will not ratify the Kyoto
Protocol.

2003 Prime Minister John Howard personally vetoes a carbon pricing

scheme put to him by at least five members of his cabinet.
2006-2007 Climate change becomes a highly salient political and economic issue.

2010 Kevin Rudd’s abandonment of the Carbon Pollution Reduction Scheme
leads to a dramatic drop in his personal approval ratings.

2011 Minority ALP government led by Julia Gillard passes carbon pricing
legislation.

2014 Incoming LNP government, led by Tony Abbott repeals ‘carbon tax'.

2017 Climate review says Australia on track to meet international
obligations.

change were a (minor) part of the general awareness of environmental prob-
lems (air and water pollution, habitat destruction, overpopulation) in the late
1960s and early 1970s. In the late 1980s and early 1990s policy options—
including carbon pricing—were mooted. Voluntary rather than mandatory
programs were chosen, and emissions grew almost as steeply as Australia’s
coal exports.

Since the climate issue (re) emerged in late 2006 (Hogarth, 2007), the
Australian political elite has grappled incessantly with policy responses
(Hudson, 2019). From December 1975 to November 2007 (32 years)
Australia had four Prime Ministers: from June 2010 to the present it has
had five, with climate change being intimately tied to the demise of three—
Howard, Rudd, and Gillard (Hudson, 2015b). Prime Minister John Howard
lost his job in part because of the perception that he did not take climate
change seriously (Rootes, 2008). His successor, Kevin Rudd, promised to
do so, and saw his popularity collapse when he shelved an Emissions Trading
Scheme (ETS) in April 2010. His deputy, Julia Gillard, toppled him and
introduced an ETS in the face of enormous media and political opposition.
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It was abolished by the next Prime Minister, Tony Abbott (for accounts of
some of these battles, see Chubb, 2014; Kelly, 2014; Combet, 2015;
Gillard, 2014).

The chapter proceeds as follows. Three sets of strategies—political, eco-
nomic and cultural—that Australian incumbents have used in their startlingly
successful battle against the rise of the climate issue and renewable energy, are
explored in turn. Then, based on observed trends and speculations, their pos-
sible future actions are outlined.

2 Political Strategies

Australian incumbents have an almost thirty-year history of success in block-
ing, weakening, delaying or shaping policy responses to climate change. They
have ensured that any policies ultimately agreed contained significant caveats
and loopholes to allow ‘business as usual’. While not a radical policy in-and-
of-itself, carbon pricing could begin to undermine their business model and
crucially support economic competitors. Specific policies supporting renew-
able energy have been retarded in their development, grudgingly implemented
and then endlessly reviewed and changed, leading to investment droughts.
Institutions created to support renewables have been de-funded, their remits
changed to undermine their efficacy. Incumbents have worked to ensure that
National Electricity Market (NEM) rules favour large, centralised fossil fuel
generators, making market entry harder for decentralised and renewable
sources. To achieve this, they have used the bureaucratic dark arts: lobbying,
supplemented with economic modelling, ‘hearts and minds’ publicity cam-
paigns which either burnish their industries or attack proposals for change;
and the creation of organisations that will put the case to policy networks
or beyond.

This section looks at the actions of industry incumbents lobbied policy
networks and policymakers (Federal and state Governments) to achieve its
goals. While there is overlap and occasional synergy with actions taken to
influence the public, those will be discussed in the section on cultural strate-
gies. The section is broken down into actions facing federal governments,
state governments, and those taken to ensure business ‘sings from the same
hymn sheet’.

Before discussing these, a conceptual point around the nature of the state
needs to be explained. The state has consistently been ‘black-boxed’ as a neu-
tral arbiter of competing forces. However, the Australian state (Federal or
state-level) has always been intensely developmentalist (pro-industry). This is
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exemplified by an anecdote from the earliest days of climate policy; in 1987 a
document on Australia’s energy prospects—Energy 2000—was in drafting
mode. An industry insider told a researcher that one chapter was
removed because:

the then senior public servants perceived it as their patriotic duty to prevent the
coal industry from being undermined by an untoward focus on something that
in their thinking was a load of cobblers... their perception, and I don’t think
you could even argue that it was because they were under intense lobbying pres-
sure from the coal industry. I think it was very much a matter of some senior
and quite strong public servants taking it into their heads that having a whole
chapter in something like this on greenhouse was just plain wrong, so they took
it out, or they persuaded the minister of the day. (Pearse, 2005: 327-328)

The role of bureaucrats in shelving, weakening and delaying policy responses
(witnessed again in 1991/2 as Australia developed its ‘National Greenhouse
Response Strategy’) is too easily overlooked.

3 Facing Federal Governments

The primary strategy used by business incumbents has been concerted and
coordinated lobbying of selected ministers and senior bureaucrats, almost
always backed up by economic modelling. The modelling argues that the pro-
posals being put before the government, whether by environmentalists or
Treasury, would cause economic catastrophe for Australia’s resources sector,
and increase electricity prices.

Industry lobbying became steadily more coordinated as environmental
issues and sustainability gained centre-stage in the years 1988-1989. The
Business Council of Australia (BCA), comprised of the CEOs of the biggest
companies, led the way with the creation of an Environmental Taskforce. This
enabled the mining sector to combine with other sectors (manufacturing,
retail, etc.) to present a loud, unified voice during the ‘Ecologically Sustainable
Development’ process initiated by Prime Minister Bob Hawke. In mid-1991
Hawke used his personal authority to ban uranium mining in Kakadu
National Park. The decision so shocked the mining industry that leading
actors formed the Australian Industry Greenhouse Network (AIGN). Initially
a ‘clearing-house’ for information, it proved its worth in 1994/5 when it coor-
dinated responses to a proposed carbon tax under Hawke’s Labor successor,

Paul Keating.
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The apotheosis of the AIGNs power occurred during the 11-year reign of
Liberal Prime Minister John Howard. Various industry insiders told Pearse
(2005) that they could side-line successive Environment Ministers’ various
proposals by using their intimate contacts within the bureaucracy: “You name
it—and if we wanted to put a spoke in the wheel of Robert Hill or whatever we
could do it pretty quickly!... we reverse-managed that ministerial (greenhouse)
committee so many times (Pearse, 2005: 194).

Aware of what was going on at critical points, AIGN lobbyists claimed they
could “produce other pieces of consultants work which we thought they should
have been doing or we would advise the Prime Ministers office and various other
people about the fact that these things were going on” (Pearse, 2005: 318).
Another interviewee confirmed that AIGNs lobbyists had been involved in
writing Cabinet submissions, vetting Cabinet briefs before they were pre-
sented and even writing policy (Pearse, 2005: 318). Pearse argues that a
‘reverse capture’ had taken place, in which former bureaucrats now working
in industry could “exert a pervasive influence on the positions advanced to gov-
ernment by the departments in which they once worked’ creating “policy cul de
sac” in which policies unfriendly to industry were “stiffed” (Pearse,
2005: 336-337).

After Howard lost office in ‘the first climate change election” (Rootes, 2008)
incumbents’ old methods were no longer adequate. The new Prime Minister,
Kevin Rudd, labelled climate change the “great moral challenge of our genera-
tion” and proposed a Carbon Pollution Reduction Scheme (CPRS). Over the
two years that the scheme was developed, through green papers and white
papers, and draft legislation, industry, especially the Minerals Council of
Australia (MCA) lobbied for concessions, exemptions and delay. Midway
through the process, renowned Australian economist Ross Garnaut described
the lobbying effort as “the most pervasive vested-interest pressure on the policy
process since the Scullin Government and... the most expensive, elaborate and
sophisticated lobbying pressure on the policy process ever”. He observed that
“Never in the history of Australian public finance has so much been given without
public policy purpose, by so many, to so few” (Garnaut, 2008).

Rudd’s successor, Julia Gillard took a different approach. To form a minor-
ity government, she relied on various independent and Green MPs. They
demanded a Multiparty Committee on Climate Change (MPCCC). Frank
Jotzo, a professor at Australian National University, noted that:

There was very little outside involvement during the period of negotiations.
They had a Cabinet-level committee [MPCCC] to agree the scheme, and during
that period there was no opening to business lobbies. They didn’t tell anyone whar
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they were doing. There were no drafts, no scheme proposals that the businesses could
react to. They just came out and announced the final agreement. It was quite an
unusual way of doing it. (cited in Sharova, 2015: 71, emphasis added)

Greg Combet, Gillard’s Climate Minister, recounts: “the meetings with the
coal industry were particularly difficult and they were very aggressive. Lets say 1
was shocked at how rude some of the executives were” (Priest, 2013)." Unable to
influence the process using their favoured methods, industry resorted to a
massive ‘hearts and minds’ campaign.

With the return to a federal Coalition government, fossil fuel incumbent
lobbyists regained favoured access. Prime Minister Tony Abbott repealed
Gillard’s ETS in 2014. When Abbott’s vanquisher Malcolm Turnbull won
office, he appointed the MCAs former head of climate and environment as his
climate and energy adviser (Slezak, 2017).

One important supplement to lobbying has been the use of economic
modelling to assert that greenhouse policies would cause economic meltdown.
The earliest example came in 1989, when the mining company CRA (since
renamed Rio Tinto) commissioned a report on the costs of meeting an early
proposed international target (Marks et al., 1989). Since then, modelling,
often produced in flurries ahead of policy decisions, has been used in policy
discussions and also given to sympathetic (and credulous) journalists who
write ‘the sky will fall’ articles around impacts on growth, employment and
tax revenues. Traditionally, the modelling makes three assumptions—a lack of
other policy responses, already perfect energy efficiency, and ongoing high
costs of renewable energy (see Diesendorf, 1998; Parkinson, 2017a).

The discursive uses of modelling are best captured by economist Richard
Denniss, who remembers meeting his first client:

When I had spent a few minutes outlining what I saw as the strengths and weak-
nesses of the possible methodological options, the client interrupted: “Look,
mate,” he said, “all I want is something about an inch thick. I want to walk into
a meeting, slam it on the fucking table, and say, ‘According to my economic
modelling’.” (Denniss, 2015)

'In his preface to the memoir of his chief of staff, published in 2015, Combet goes further: “As a minister,
1 was quite often astounded by the audacity of the claims. Large global companies were at times outrageous,
patronising while simultaneously demanding money. One international coal-mining executive, while toying
with immaculately jewelled cufflinks, contemptuously dismissed the governments right to legislate a price for
carbon pollution while conceding that his company had been factoring a carbon price into investment decisions
Jfor years” (Behm, 2015: vii). Behm himself concurs. For instance: “Ir was particularly surprising to find
Mick Davis, the CEO of the then-international mining giant Xstrata (taken over by Glencore in 2013), unable
to disguise his disdain and contempt for both Combet and Gillard when he called on them in 2010. Why did
he bother the call when all he was able to do was look scornful?” (Behm, 2015: 175).
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With the connivance of government, the fossil fuel industry particularly
targeted renewables policy. A Federal Renewable Energy Target was intro-
duced in 2001 and subjected to repeated review. Leaked minutes reveal that
in 2004 Prime Minister Howard called a meeting of senior fossil fuel execu-
tives, seeking their help in undermining the target (ABC, 2004). When,
under Julia Gillard, two new organisations—the Australian Renewable Energy
Agency and the Clean Energy Finance Corporation (CEFC)—were created,
the Green Party insisted they not be under control of the Minister for Energy,
who they perceived as a fossil fuel ally—upon retiring from parliament he
became CEO of the Queensland Resources Council (QRC). The Abbott gov-
ernment unsuccessfully attempted to close both but was unable to do so.

Instead, Abbott changed the CEFCs remit to enable funding of ‘clean coal’.

4 Facing State Governments

Lobbying, supplemented by economic modelling, works at least as well at a
State level as it does at Federal (Mitchell, 2012). Former New South Wales
(NSW) premier Nick Greiner stated:

The truth is the states are closer to the ground, so there is an easier potential [for
corruption] in terms of planning decisions and allocation of mining rights and
indeed with gambling. They are qualitatively different from the Commonwealth,
which is removed from real-world economic decisions. (Manning, 2014)

Another great source of (presumed) influence is party donations. As Bernard
Keane (Keane, 2012) notes: “Mining company donations to state and federal
Labor parties and the Coalition since 2004 show the extent to which Coalition
benefited from the surge in mining company largesse after the Rudd government
infuriated them with its [mining tax] proposal in May 2010”.

There have been occasions—especially in the carbon tax battle of 1994/5
and again in 2008/9 and 2011 under Rudd and Gillard respectively—when
incumbents used state government uncertainty and antipathy over Federal
government interference in what they saw as their developmentalist preroga-
tives to good effect. In 1994/5 AIGN members lobbied state governments
(especially Victoria, Queensland and Western Australia) to apply pressure on
the Federal Government.

Incumbents, via organisations such as the QRC and the New South Wales
Minerals Council, also engage in a steady stream of press releases, conferences,
and reports which burnish their industries and attack their opponents as ill-
informed, elitist or even agents of foreign powers.
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5 Organising and Dis-Organising Policy
Contestation

Incumbents face the same kinds of problems—around outliers, free-riders,
etc.—as other collective actors. To overcome these, they perform (at least)
three different kinds of action: mobilising existing organisations, defending
these from attack/capture, and creating new organisations. To undermine
opponents, they capture or undermine opponents’ organisations, prevent the
creation of opponent organisations, and ‘raise the heat’ around the issue to
reduce the number of opponents. These will be dealt with (necessarily
briefly) in turn.

First, incumbents have, in response to rising public concern around climate
change, reinforced and reoriented existing organisations. The best example of
this would be the BCAs Environmental Task Force, set up to defend coordi-
nated industry responses to the potential threat of the ‘ecologically sustainable
development’ policy process.

Industry groups are never unitary; as the climate issue rose, different actors
saw business opportunities. Therefore, fossil fuel incumbents’ second strategy
has been to prevent organisations being reconfigured or captured by ‘the
enemy within'. Two examples merit recounting. The first involves a move by
the Australian Gas Association (AGA), which saw that gas would be a lower
carbon electricity fuel than coal. It made noises within the BCA and AIGN.
The head of the Minerals Council took the AGA CEO aside and said:

you know you pursue this hardline and you scratch the coal industry too much
harder and they will come out and we will start talking about nitrous oxide
emissions, methane emissions, or pipe leakages—you know there is a lot of
health issues around burning gas particularly in these unflued burners in Victoria
which contributes a lot... we know this is your Achilles’ heel—don’t do it—
because if you do it we'll have a big brawl between the energy industries in this
country in the public arena which wont do anybody any good. (Pearse,
2005: 125)

Shortly after, another powerful actor tried to reshape BCA policy. The new
chief executive of mining giant BHP called a meeting to discuss possible
greenhouse policies. He recalled:

I held a party and nobody came. They sent some low-level people that almost
read from things that had been given to them by their lawyers. Things like, Our
company does not acknowledge that carbon dioxide is an issue and, if it is, we're
not the cause of it and we wouldn’t admit to it anyway. (Wilkinson, 2007)
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Ultimately the BCA announced it had no position on ratification of the Kyoto
Protocol. Its 2006 move to support carbon pricing forced John Howard’s
hand, but since then it has vacillated.

The third incumbent strategy has been to create new organisations, which
have had one or more of three functions. These are firstly to co-ordinate policy
responses (AIGN), secondly to present an emollient face to the public and
policymakers (e.g. the short-lived Sustainable Development Australia and the
longer-lasting Australian Minerals and Energy and Environment Foundation),
and thirdly to ‘take the fight to the enemy’; such groups include the neo-
liberal think tank the Tasman Institute (1990-1997), the Australian Trade
and Industry Alliance, and Manufacturing Australia, and groups such as the
climate-change-denying radical flank, such as the Lavoisier Group, founded
in 2000 with the support of senior mining industry figures.

Incumbents mobilise to reduce their opponents’ capacity to act, seeking to
capture or undermine existing organisations which are a real or potential
threat. This is a well-established tactic. Interviewed in 1993, famed environ-
mental activist Milo Dunphy noted that in the early 1970s the Australian
Conservation Foundation’s council included not only high-ranking public
servants but also “several mining company executives who... were there ‘on a
brief to keep this emerging conservation movement under control” (Hutton and
Connors, 1999: 135). More recently, in 2009 a journalist, Paddy Manning,
noted that the Clean Energy Council, which had formed from a merger of the
Business Council of Sustainable Energy and the Australian Wind Energy
Association got about 10% of its annual revenues from companies with
investments in coal-fired power. He quoted a Green Senator as saying the
Council was “completely ineffective” as an advocate for renewable energy and
had not even advocated for a higher emissions reduction target
(Manning, 2009).

Beyond this, incumbents have successfully prevented the creation of new
(business) lobby groups. In 2001 Environment Minister Robert Hill, along
with business allies, tried to form an Australian branch of the Pew Centre on
Global Climate Change. The then head of the MCA found out that spon-

sored meetings were taking place. One of Pearse’s informants recalls:

And Dick Wells was basically chairing the AIGN at the stage and he said ‘hey,
what is this about? We are not being invited to any of these forums. You are
paying for it out of Commonwealth funds. I mean what is the story? Don’t we
have this open process?” In the end, business people who AIGN knew very well
and AIGN briefed on these things went along to these meetings anyway and
told them that they saw no benefit in it so it fell over. (Pearse, 2005: 353)
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Five years would pass before any climate grouping involving business gained
any traction.

Finally, simply ‘raising the heat’ around an issue can have the benefit of
dissuading some actors from taking part in a debate.” For example, in 2011
The Australian newspaper misrepresented the position of a large Australian
bank (Westpac) over its carbon policy stance. Westpac, which in 2008 had
urged Rudd to keep the CPRS compensation to a minimum (Irvine, 2008),
and other previously loud groups, such as Ai Group, were largely silent during
the heightened period. Ai Group had tried to ‘subcontract’ its support for
ETS to an international consultancy. The consultancy showed the Opposition
drafts of its work. The response was extremely vehement, and the consultancy,
fearful of its future relationships with the Coalition, watered down its findings
to meaninglessness (Mildenerger, 2015).

6 Economic Strategies

This section discusses the actions incumbents took to shape the economic
conditions within which they faced challenges from competitors. Incumbents
have worked to defend profits by keeping environmental regulations as loose
as possible and defeating a 2010 proposed mining tax. In addition, they have
striven to slow the growth of alternative sources of electricity generation,
while supporting the expansion of fossil fuel infrastructure and shaping the
NEM to suit the needs of centralised fossil-fuel generators.

In May 2010 Kevin Rudd, fresh from retreating on the ETS, attempted to
introduce a Mining Tax. The mining industry response was prompt and fero-
cious. In just six weeks, it spent AU$22m on an extensive advertising cam-
paign, under the heading ‘Keep Mining Strong’ (Murray et al., 2016). When
Rudd was overthrown by his deputy, Julia Gillard, the tax proposal was
watered down. Rio Tinto’s CEO commented that “policymakers around the
world can learn a lesson when considering a new tax to plug a revenue gap, or play
to local politics” (Albanese, 2010).

State support for fossil fuels is nothing new. As early as 1983 Lowe noted
that the National Energy Research Development and Demonstration Council
was heavily favouring fossil energy projects (Lowe, 1983). This trend has con-
tinued. The 2004 Energy White Paper Securing Australias Future, avoided
support for renewables and supported fossil fuels, extolled the virtues of car-

>This is not to say that attempts at ‘silencing’ do not occur at a more strategic/logistical level. For an
exploration of the Howard government’s attitude to civil society, see Hamilton and Maddison (2007).
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bon capture and storage (see Baker, 2005a, b for an account of how industry
had lobbied). Carbon Capture and Storage would become the signature tech-
nological solution proposed by Kevin Rudd, who used taxpayer funds to cre-
ate the Global Carbon Capture and Storage Institute (Pearse et al., 2013;
Taylor, 2012). Meanwhile, support for renewable energy generation has been
relentlessly attacked, with policies constantly reviewed and revised, leading to
investment droughts (Effendi and Courvisanos, 2012; Parkinson, 2015).

Three other points relating to the electricity grid are worth noting. Firstly,
incumbents stand accused of having deliberately and consistently over-
estimated future electricity demand to build state-funded infrastructure, so-
called ‘gold-plating’ of the electricity grid (Hill, 2014). Secondly, the
institutional arrangements for the NEM have side-lined environmental con-
cerns (Diesendorf, 1996) and favoured incumbents. On the latter point, the
former head of the Energy Users Association of Australia likened putting the
states’ energy ministers in charge of a separate new body, the Australian Energy
Market Commission as “like putting Dracula in charge of the blood bank”
(Hill, 2014). Regulatory gaming of the NEM has continued, with decisions
which would favour renewable energy generation (especially community-
owned) repeatedly deferred. Meanwhile, researchers argue that the NEM’s
opacity, exacerbated by current federal policy “puts the power into the hands of
large incumbents, who will actually use tenders to get their own costs down, but
they won't necessarily pass on the savings to [consumers]” (Vorrath, 2017).

Finally, fossil fuel incumbents are also lobbying intensively for state fund-
ing of new fossil fuel infrastructure—in the form of coal-fired power stations
and a railway from prospective coal fields to the Queensland coast.

7 Cultural Strategies

Incumbent industries routinely engage in ongoing maintenance of their pub-
lic image, via sponsorship of indisputably ‘good’ actions (sponsorship of air
ambulances, etc.). They also have responded to climate change by engaging in
issue minimisation and outright denial, as well as ‘issue shifting.” To do this
they have created think tanks and front groups to provide a steady stream of
(mis)information for journalists and cultural warriors. They have attacked
renewable energy for its purported aesthetic and wildlife impacts. For over a
decade they have claimed that wind turbines are a health risk to human
beings. Beyond this, they have reified “baseload,” asserting that only central-
ised fossil-fuel generators can provide “energy security”. Most recently they
have tried to reframe events such as the 2016 South Australian blackout as a
reason to abandon renewables (Hudson, 2017b). These are discussed in turn.
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For many years mining industry groups have run extensive campaigns
highlighting mining’s contribution to the economy, and to the Australian
‘way of life’. Esso ran an ‘Energy for Australia’ advertising campaign in the late
70s and early 1980s, associating itself with iconic Australian scenes (James,
1983). In 1991-1992, the Australian Mining Industry Council, moving on
from its previous slogan mining as “the backbone of the country,” told
Australians that mining was ‘Absolutely Essential.” In 2007 the NSW Minerals
Council ran a similar campaign ‘Life: Brought to you by mining.” More
recently MCA launched ‘Mining. This is our Story’ in 2011 and ‘Australians
for Coal” in 2014. Alongside this, industry groups burnish their credentials
through the sponsorship of sports clubs, rescue helicopters and the like (Pearse
et al., 2013; Cleary, 2011). Possible technological responses to coal’s climate
impacthavebeen frontand centre of two television campaigns— " NewGenCoal’
in 2008 and 2015’s ‘Little Black Rock’ (Hudson, 2015a).

7.1 Issue Minimisation and Attacking the Messenger

Minimising an issue—declaring that it is overstated or a hypothetical threat,
and only of interest to a few (self-interested and/or malevolent) scientists and
activists—is a time-honoured tactic. After writing the book Silent Spring
Rachel Carson was accused of trying to sabotage the American food produc-
tion industry. One food industry figure said: “7 thought she was a spinster. ..
What's she so worried about genetics for” (Hutton and Connors, 1999: 96). In
response to calls to abandon a proposed dam that would flood the Franklin
River, Tasmanian Premier Robin Gray declared it “grossly over-rated... For
eleven months of the year the Franklin is nothing but a brown ditch, leech ridden,
unattractive to the majority of people” (Lines, 2006: 201). Descriptions of cli-
mate change as ‘only a theory, ‘overblown’ or a ‘green religion” are legion.
Incumbents regularly state that climate change is a minor, manageable and
disputed problem, and deride those concerned about it as addicted to
apocalypse for psychological and/or financial reasons, out-of-touch elitists at
best, and potentially dupes of foreign powers or knowingly treasonous.

7.2  Outright Denial

Outright denial of climate change has long been considered by most industry
incumbents to be a high-risk and unnecessary, strategy. They deliberately
avoided it in 1994/5 for fear that they would lose credibility with policymak-
ers and motivate environmentalists. However, other groupings were bolder,
including the now defunct Tasman Institute, which hosted various skeptical
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scientists on tours in the early 1990s. After its demise, the baton was picked
up by the Lavoisier Group, formed in 2000 (Taylor, 2000), when it seemed
that Australia might adopt a domestic ETS. Lavoisier was bankrolled in part
by mining magnate Hugh Morgan, who has since the 1970s been a staunch
advocate of mining and opponent of environmentalism, feminism and other
‘anti-progress isms. Lavoisier, which economist John Quiggin (2001)
described as “devoted to the proposition that basic principles of physics [...] cease
to apply when they come into conflict with the interests of the Australian coal
industry” has held conferences and run opinion pieces in newspapers denying
the need for action. It even turned the emails stolen from University of East
Anglia (the so-called ‘climategate’ emails) into a glossy book.

More mainstream, and better funded, the Institute of Public Affairs (IPA)
has been a consistent, loud and effective voice against climate mitigation for
almost thirty years. Closely linked to the Liberal Party, it published its first
article on the costs of climate change (based on CRA’s modelling report) in
1989. Since then it has run a steady stream of articles, opinion pieces and
appearances that shift between casting doubt on climate science and predicting
enormous negative consequences from mitigation policies, setting up groups
with names like the Australian Environment Foundation and the Australian
Climate Science Coalition (McKewon, 2012). It has helped organise tours by
speakers opposed to climate action and has organised the publication of various
books titled Climate Change: The Facts (with 2010, 2014 and 2017 editions).

The IPA has had a significant political impact. According to the former
head of the AIGN John Daley, it became increasingly influential around 2006
and while it “conducted very poor analysis” was:

very influential in the public debate. .. IPA picked up a lot of what was going on
in the United States regarding climate change and brought it to Australia. They
were especially effective in persuading a chunk of the Liberal Party that climate
change was something they should ignore. (cited in Sharova, 2015: 76,
emphasis added)

7.3  Specific Policy Contestation

The fossil fuel industry has run three climate-policy-related advertising cam-
paigns. In February 1995 a coordinated flurry of newspaper adverts, timed to
coincide with two policy roundtables, highlighted the potential costs of a
carbon tax. In late 2009 the Australian Coal Association produced the rela-
tively emollient ‘Let’s Cut Emissions, Not Jobs’ campaign, especially targeting
marginal constituencies in Queensland and New South Wales and featuring a
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doleful white male coal miner. In 2011, after the success of the ‘Keep Mining
Strong’ campaign, and with usual lobbying methods ineffectual, the MCA
and others launched an advertising blitz under the banner of the Australian

Trade and Industry Alliance (ATIA). MCAs Sidney Marris, before his move
to Prime Minister Turnbull’s office told another researcher:

We called it a Trade Alliance because our consensus was that the policy is penal-
izing exporters. So, it included us and the Australian Chamber of Commerce
and Industry, who were most involved in the campaigning. Other organizations
were involved as well but we werent close with them. We were the most active.

(Sharova, 2015: 76, emphasis added)

ATIA claimed that Gillard’s ETS would be “worlds highest carbon tax”. lts
numbers were contested (Sartor, 2011), but it persisted.

More recently, the proposed National Energy Guarantee of 2017-2018
saw the creation of the so-called Monash Forum, which aimed to attack
renewables and put government-support for more investment in coal-fired

plants on the policy agenda (Hudson, 2019).

7.4 Issue Shifting

Issue minimisation and denial are both risky strategies potentially causing
more debate and environmental activism. A safer option is to shift discussion
to economic consequences for the Australian economy and individuals. This
was done effectively during the 1994/5 carbon tax battle and has continued
to be used.

Further, an ambit claim that extracting coal is a moral good (or duty) has
been made by several leading Australian politicians. In April 2014, the largest
US coal miner, Peabody, announced an advertising campaign called Advanced
Energy for Life, which aimed to “Build Awareness and Support to End World s
Number One Human and Environmental Crisis” of Global Energy Poverty. Six
months later, while opening a $3.9 billion coal mine, then Prime Minister
Tony Abbott said: “Coal is good for humanity, coal is good for prosperity, coal is
an essential part of our economic future, here in Australia, and right around the
world...” (ABC, 2014).

Two years later, after environment minister Greg Hunt had argued that not
selling coal to India would be an act of neo-colonialism (Taylor, 2015),
Malcolm Turnbull echoed this sentiment, declaring “Coal is going to be an
important part of our energy mix; there is no question about that, for many, many,
many decades to come, on any view” (Murphy, 2016).
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These efforts to ‘wedge’ opponents of coal-mining as anti-progress and
anti-poor people reached a peak on February 9th 2017. During a heatwave,
Treasurer Scott Morrison entered Parliament for question time, clutching a
lump of coal. Supplied by the MCA, it had been lacquered so it would not
smudge the hands of those who held it. Morrison gave an extraordinary
speech, which demands quoting at length:

This is coal. Do not be afraid. Do not be scared. It will not hurt you. It is coal.
It was dug up by men and women who work and live in the electorates of those
who sit opposite—from the Hunter Valley, as the member for Hunter would
know. It is coal that has ensured for over 100 years that Australia has enjoyed an
energy-competitive advantage that has delivered prosperity to Australian busi-
nesses and has ensured that Australian industry has been able to remain com-
petitive in a global market. Those opposite have an ideological, pathological fear
of coal. There is no word for ‘coalophobia’ officially, but that is the malady that
afflicts those opposite. It is that malady that is affecting the jobs in the towns
and the industries and, indeed, in this country because of the pathological, ideo-
logical opposition to coal being an important part of our sustainable and more
certain energy future.

Affordable energy is what Australian businesses need to remain competitive.
They cannot fizzle out in the dark as those opposite would have them do, as
businesses in South Australia are now confronting. On this side of the House,
you will not find a fear of coal any more than you will find a fear of wind—
except for that which comes from the Leader of the Opposition; you will not
find a fear of sun; you will not find a fear of wave energy; you will not find a fear
of any of these sources of energy. What you will find is a passion for the jobs of
Australians who work for businesses that depend on energy security that those
opposite want to switch off, just like the South Australian Labor government is
switching off jobs, switching off lights and switching off air conditioners and
forcing Australian families to boil in the dark as a result of their Dark Ages poli-
cies. (Morrison, 2017)

This framing echoed that of various groups, especially during the heated year
of 2011 when ‘no carbon tax’ rallies, called by radio shock-jocks, were held,
and a “convoy of no confidence” travelled to Canberra to pillory Gillard’s
policies, especially carbon pricing. Wear (2014) argues this was not an exam-
ple of ‘astroturf’—corporate-funded efforts mimicking ‘grassroots—while
pro-carbon tax activists claim that the organiser of the convoy told them it
was funded by ATTA (Peterson, 2011).

The IPA, and individuals such as mining magnate Gina Rinehart, have also
sponsored speaking tours by prominent sceptics, notably Lord Monckton in
2010 and 2011. One problem was that these people lack specific institutional
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affiliations (or academic credentials altogether). The Abbott government tried
to solve this by inviting Danish statistician Bjorn Lomborg to head an aca-
demic institute. Students at various universities blocked this (ABC, 2015).

Incumbents have also attempted to reduce pro-climate groups’ capacity to
act. In 2014 the MCA tried to argue that divestment campaigns pressuring
banks to withdraw from funding fossil fuel projects were a form of illegal
secondary boycott (Davidson, 2014). Meanwhile, following MCA lobbying,
the Federal government has instigated inquiries into environmental groups’
funding. However, MCA has recently had to soft-pedal on this, as one of its
largest contributing members, BHP, has expressed disquiet about the reputa-
tional risks of being seen to be silencing democratic protest (Remeikis, 2018).
Meanwhile, in 2015 the Abbott government de-funded the Environmental
Defenders Office (Arup, 2013).

More specifically, there has been a concerted campaign against renewable
energy, especially wind, on the grounds of health (so-called ‘wind turbine
syndrome’ see Chapman and Crichton, 2017), and wildlife impacts (Hudson,
2017a). More generally, proponents of renewables are derided as elitist,
middle-class and out of touch with ‘real” Australia. An endless torrent of eco-
nomic modelling, recycled through the opinion columns by industry figures
and anti-renewables politicians, is used to ‘prove’ that renewables are, and
always will be, too expensive (see Parkinson, 2017a) Newscorp, owned by
Rupert Murdoch, is the primary purveyor of this. The term ‘baseload’” has
been promulgated endlessly as a reason to keep centralised fossil-fuel generators
in play, despite critique of the concept (Diesendorf, 2007).> Alongside this,
incumbents used the September 2016 South Australian blackout to argue for
centralised fossil fuel generation, despite the cause—cyclonic winds bringing
down 22 transmission cables—being unrelated to South Australia’s rapid
increase in renewable energy generation (Lucas, 2017; Holmes, 2016).

8 What Next for Australia
and Decarbonisation?

In this section I speculate on the activities incumbents may undertake in the
future. At time of writing Australia still has a Federal government opposed to
strong climate action. Given that pressures for decarbonisation are escalating,
and the price of renewable generation and both grid-scale and domestic

*The Chinese State Grid’s R&D chief Huang Han dismissing coal’s claim to be an indispensable source
of “base load” generation (Parkinson, 2016).
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energy storage dropping, splits may emerge between those who expect to
prosper through innovation and diversification and those who are wedded—
economically, technologically, psychologically—to threatened assets.

8.1 Political

Incumbents will seek to dilute policy. For instance, AIGN has lobbied so
that Australian companies can buy cheap overseas emissions ‘reductions’
credits. In its submission to the 2017 climate policy review, it argued: “A
competitive, credible, and liquid market is necessary to ensure the success,
efficiency and effectiveness of an emissions reduction policy. This should
include credible local units, as well as access to credible international mar-
kets/units” (Federal Government, 2017: 43). This seems to have been
accepted. If Labor forms a government, a battle will occur over an Emissions
Intensity Scheme (EIS), currently Labor policy. Greens’ climate spokesman
Adam Bandt notes: “7he EIS is becoming more and more popular among busi-
ness and polluters precisely because they have looked at the details and realised
that while it might push coal out, it wont bring renewables in” (Parkinson,
2017b).* To that end, incumbents presumably are preparing for a change in
government by identifying lobbyists with personal relationships to senior
Labor figures who can secure meetings so policies can be modified to suit the
needs of (especially) the gas industry, which has more allies than it did 20
years ago.

Industry may seek to exploit state-federal tensions. It will also have their
own tensions to manage, between coal and gas. These are exemplified by the
gas company AGLs unwillingness to bend to Federal Government demands
to extend the life of an ageing, unreliable and ever-more-expensive coal-fired
plant in NSW. AGL, it should be noted, left the MCA in 2016.

One point of agreement may be support for the proposed ‘Snowy Hydro
2.0’, by which water could be used as an energy storage mechanism. Such a
scheme could be an incumbent-stabilising technological development within
the grid, extending the life of fossil fuel generation, while providing a patina
of ‘green-ness’.

Incumbents can be expected to continue using the legal system to chill dis-
sent. Indian scholar and author Amitav Ghosh notes that: “American intelli-
gence services have already made the surveillance of environmentalists and climate
activists a top priority” (Ghosh, 2017: 140). He asks: “How will the security

#Parkinson (2017b) notes: “ The Greens distrust the EIS because it was originally dreamed up by the fossil fuel
lobby and is considered a Trojan horse for the gas industry”.
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establishments of the West respond. to these threat perceptions? In all likelihood they
will resort to the strategy that Christian Parenti calls the ‘politics of the armed
lifeboat””, a posture that combines “preparations for open-ended counter-
insurgency, militarized borders, [and] aggressive anti-immigrant policing”
(Ghosh, 2017: 143).

Corporate-funded spies have already been exposed in anti-coal groups
(Laird, 2015). Meanwhile, in New South Wales, anti-protest laws have
become more draconian. de Kretser (2016) notes that:

The NSW laws give police excessive new powers to stop, search and detain pro-
testers and seize property as well as to shut down peaceful protests that obstruct
traffic. They expand the offence of “interfering” with a mine, which carries a
penalty of up to seven years’ jail, to cover coal seam gas exploration and extrac-
tion sites.

Environmentalism is already being framed as ‘radicalism’ and ‘extremism’ in
Federal government ‘Radicalisation Awareness Kit' supplied to schools
(Jabour, 2015).

Meanwhile, Tienhaara (2017) suggests that fossil fuel corporations will
adopt tobacco industry tactics and use investor-state dispute settlements “zo
induce cross-border regulatory chill: the delay in policy uptake in jurisdictions
outside the jurisdiction in which the ISDS [Investor-State Dispute Settlement]
claim is brought”. She makes the point that these corporations “do not have ro
win any ISDS cases for this strategy to be effective; they only have to be willing to
launch them”.

8.2 Economic

The economic interests of Australian fossil fuel industry—extractors, trans-
mitters and distributors—are beginning to diverge. As noted above, fossil fuel
(primarily coal) incumbents devoted a large amount of time to enforcing
industry unity. They may continue to try, but the potential costs are rising,
with the risk of defection by companies such as BHP and Rio Tinto.
Ominously, both are divesting from coal (Biesheuvel, 2017; Yeomans, 2017;
Gray, 2018). We may begin to see investors shift away from thermal coal
assets, while metallurgical coal, needed for the production of steel, remains
relatively strong. Internationally, Australian governments have historically
sought to defend and extend the interests of coal companies. This is unlikely
to change, regardless of which party is in power.
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As assets decrease in value we may see intensification of use—trying to
extract value while any still exists—even if this accelerates decline. In any case,
as mines close or face closure, incumbents will probably attempt to socialise
the cost of mine-site remediation, while continuing to fight health-based
claims for compensation.

Meanwhile, those who own gas-fired plants, transmission networks and
retailing face a different set of challenges. To paraphrase Mark Twain, reports
of the utility ‘death spiral’ may be greatly exaggerated (see Costello and
Hemphill, 2014 for an historical overview). However, as Newbury (2016)
notes there are many challenges around:

the continuity of the existing technological regime; the emergence of cost com-
petitive technologies; competitive intensity; ongoing natural monopoly status
of electricity network utilities; consumer empowerment; business models and
economies of scale; long term investment decision making; demand trends;
emergence and diffusion of new technologies; emergence/impact of battery
storage; and long-term industry attractiveness.

As rooftop solar and domestic storage penetration increases, problems of load
defection, if not actual grid defection, may intensify (Schneider Electric Blog,
2015). Some incumbents, seeking to extract maximum rents, will attempt to
defend existing rules via the regulatory framework, to gold-plate the infra-
structure, and lock in customers with long contracts where possible. Others,
presumably, will seek to reinvent themselves as energy services providers (Price
Waterhouse Coopers, 2014). New entrants will proliferate, followed by a win-
nowing. While there will be business model innovation, it is hard to see
incumbents engaging in defensive technological innovation. That ship

has sailed.

8.3  Culturally

An intense culture war over climate change has raged for a decade. That war
will end one day, but further bloody battles are likely. It is hard to see how
Liberals and Nationals, who have asserted that climate change is not real, are
going to get themselves out of the corner they have painted themselves into.
If and when renewables become the cheapest option, they may be able to
adopt a ‘homo economicus’ stance.

Fossil fuel lobbies will engage in more intense advertising campaigns, per-
haps around their internal sustainability programmes (Wright and Nyberg,
2017). These may happen not because there is compelling evidence that they
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work, but simply because such campaigns provide emotional and psychologi-
cal side-benefits. Marchand (1987) notes of pre-war American campaigns:
“Of uncertain efficacy in other respects, they provided their sponsors the significant
and undeniable satisfactions of enbancing their self-esteem and winning the respect
of their peers” (see also Hudson, 2015a).

While companies like AGL reposition themselves as ‘low carbon’ (Agl.com.
au, 2018), coal interests face a dilemma. Their campaigns against disruptors
are leading to reputational risk for less-committed members of their business
lobbies, while their last two ‘pro-coal’ campaigns (2014 and 2015) were met
with derision. Pro-coal incumbents may choose to burnish their own credibil-
ity using more general ‘Aussie battler’ mythology, harking back to the
‘Backbone of the country’ adverts of the 1970s, with adverts showing ‘hard-
working real Aussies’ (as per 2009’s ‘Let’s Cut Emissions Not Jobs’ campaign).
A second line of attack might be to emphasis mining’s contribution to
Australia’s balance of payments position, though this would be risky given
ongoing questions over mining’s tax payments (as distinct from royalties).
Such a campaign might also invoke ‘baseload’ ‘energy security’ and ‘reliability’
in an attempt to reinforce existing ‘common sense’ views of a masculinised
and centralised system of power (generation), alongside ongoing economic
modelling claiming that the costs of renewable energy are enormous.

There will be continuing attempts to blame all problems with the existing
electricity grid (around price, reliability, etc.) on renewable energy. Teething
problems will be painted as existential threats, with the inevitable distortions,
corruption and hype within renewables and storage amplified to tarnish the
‘brand’. Proponents of renewables, and opponents of cheap international
credits, will continue to be attacked as effete elitists, extremists and purists
and ‘un-Australian™ uninterested in the problems of ‘normal people’.

9 Conclusion

Hindsight bias will make it ‘obvious’ what happened to Australia. If it is a
picture of decay and ever-increasing economic, cultural and psychological
damage as the impacts of climate change overwhelm efforts at mitigation and
adaptation, then future scholars will be able to point to the successful incum-
bent defenses over the last thirty years, and the frailty of efforts to disrupt

>In the 1920s, Thomas Griffith Taylor, an Australian scientist saw his textbook which described parts of
Western Australia as ‘arid’, banned. In the 1960s, opponents of a Japanese exploratory oil rig off the Great
Barrier reef were accused of “rols of American oil companies who were trying to exclude Japanese business
[from the lucrative reef vilfields” (Hutton and Connors, 1999: 104).
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their power. Conversely, if Australia adopts renewables, and becomes a renew-
able energy superpower, then scholars will point to the plummeting cost of
renewables, their uptake by householders and communities, and the efforts of
companies and social movement actors to speed the transition to a low-carbon
future. For the time being, then, Australia sits on the edge of both major
directions of travel; concrete predictions have become a fearful proposition
given that Australian climate politics is effectively ‘off the map’.

Without the benefit of hindsight, it is not possible to say if the political
class will find the knowledge, courage and capacity to act that has so far eluded
it. While the ALP is benefitting from complete disarray within the Coalition
at present, if it—as expected—forms the next government, it will probably
come under sustained pressure to move beyond its relatively mild eco-
modernist positions. Vested interests will not give up without a fight. We can
expect new front groups, new arguments, renewed attempts to transfer costs
of remediation and decommissioning onto the taxpayer.

History matters. Past policy battles and settlements shape and constrain
future possible courses of action. Writing before climate change became an
issue, Australian academic Stephen Boyden (1987: 30) noted, “lack of motiva-
tion, even active resistance on the part of the corporate organisations which hold
power in society can effectively block useful cultural adaptive responses”. As this
chapter has shown, for thirty years, Australian incumbents in business and the
state have fought successful campaigns against both the pricing of carbon and
support for renewables. Academics, activists and ‘ordinary citizens’ would be
well-served by understanding better the repertoires deployed by these actors
in their efforts to defend their positions, since the past is a guide (albeit imper-
fect) to the future.
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Buffeted or Energized? India’s Dynamic
Energy Transition

Daniel Gilbert and Pooja Chatterjee

1 Introduction

India is booming economically. Speaking in January 2018, Indian PM
Narendra Modi set a target for the size of the economy to double in just seven
years, by 2025 (Rachman, 2018).

As Indias economy grows, so does its appetite for energy. Writing in
November 2017, Tim Buckley and Kashish Shah of the Institute for Energy
Economics and Financial Affairs predicted the same time horizon for the dou-
bling of India’s GDP announced by Modi three months later and forecast that
electricity demand would ‘nearly double over the same time period too
(Buckley and Shah, 2017: 6); the difference being accounted for in a (moder-
ate) reduction of Indian energy intensity. Achieving reductions in energy
intensity are easier to promise than actually deliver as the following figures for
2017 indicate, when, according to a joint report of the Organisation for
Economic Co-operation and Development (OECD) and the International
Energy Agency (IEA) India experienced “electricity demand growth of over
12% (or 180 TWh), (which) outpaced the 7% growth in (overall) economic
activity” (OECD/IEA, 2018: 11).
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Significant drivers of this growth in energy demand include: export-led
economic growth; urbanisation; the wealth effects of India’s growing middle
class; and increases in the overall population reach of the nation’s regional
electricity grids—targeted by the Government of India (Gol) to reach all
Indian homes, all of the time, by 2022 (IEA, 2017a: 46). Alongside mandat-
ing increased power supply, the Gol is also targeting the achievement of a
reduction in at least one third in India’s greenhouse gas (GHG) energy emis-
sions, as compared to a 2005 baseline, by 2030 (IEA, 2017a: 46); the serious-
ness of this target is underscored by Gol policies in support of a (steady)
Indian clean energy transition, in particular from coal to renewable sources.

These are ambitious “green” targets for India, albeit many caveats apply—
caveats that amount to far more than quibbling, not least with respect to
thermal coal consumption. The instincts of the “old” post-war and post-
Independence India would, surely, be as they ever were: to solely concentrate
on increasing power generation, and not to dilute that focus through conces-
sions made to international environmental concerns—noting that the domes-
tic concern of protecting Indian forestry from coal mining (inter alia)
incursion has long been a matter of Gol policy, for instance as articulated by
National Forest Policy of 1988, published by the country’s Ministry of
Environment and Forests (MoEF 1988). One thing that has not changed,
however, is the dichotomy between international and national environmental
impact: the choking impact of Indian coal-origin air pollution is felt primarily
in-country; the Gol policy response against yet more-and-more thermal
power reliance can be seen, admittedly, in the context of GHG and global
climate change responsibility, but also in light of Indians’ need to breathe
tolerably clean air.

According to Abraham Maslow’s Theory of Human Motivation (Maslow,
1943: 370), a precondition of humans prioritising our higher needs (from
safety right up to ‘self-actualization’), is that we first fulfill the fundamental
physiological needs, such as the need for food, clothing and shelter. This mir-
rors the traditional Gol focus on Indian human development needs over any-
thing else. But those old policy assumptions are no longer reliable, perhaps
even tenable.

The critical analysis of the salient and diverse (inter)national drivers for
Indian power sector consumption, not least regarding price of generation
regardless of source, and the emerging rebalancing of thermal/renewable
power generation that is increasingly apparent, is key to making informed
forward projections even in the sense of conditions-as-they-are, ceteris paribus,
and also in the context of different possible future global scenarios.



9 Buffeted or Energized? India’s Dynamic Energy Transition 225

For instance, the answers to questions such as ‘Is Gol policy change
primarily driven by a preference for clean and sustainable energy as a
good thing in its own right; or is India’s clean energy transition driven by
more by economic self-interest?” imply different outcomes should eco-
nomic comparative advantage “switchback” to coal in the future, as it did
in during the first half of the 1980s globally due to significant increases
in the price of competitor fuels oil and gas (i.e. petroleum), or as a result
of increasingly urgent, critical and immediate climate change concern. In
scenario planning, it is important to allow for more cynical interpreta-
tions too, e.g. that the Gol, in its policy-making, is making a virtue out
of economic opportunity and necessity combined, rather than pursuing
green energy transition policies for any reasons of altruism; indeed, and
whether or not that is in fact true, such balanced thinking provides an
antidote to the often fawning international coverage of Gol energy poli-
cies—acclamation that avoids the awkward fact of massive ongoing ther-
mal power production in the country. After all, “coal is not an obsession for
India, its a compulsion” (quoting Harjeet Singh, a New Delhi-based inter-
national climate policy manager for international NGO ActionAid)
(Adler, 2015).

At the time of writing, in 2018, India’s position is encouraging regardless of
(evolving) motivation: it is clear that, and irrespective of ultimate cause, altru-
ism and economic self-interest are increasingly aligned in India when it comes
to clean energy. Long has the reverse been the case; the sea change has come
about through the fast emergence of a dynamic and highly competitive renew-
able energy (RE) sector in India. Unlike India’s previous renewable energy
champion of its early years of Independence, the now firmly eclipsed hydro-
electric sector, this time its solar that is lighting up the way, both literally and
figuratively.

But this Chapter is not primarily about Indian renewable energy. Rather, it
takes that sector as an exogenous development, one of huge significance that
is the subject of current and ongoing research by other, specialist, authors and
institutes. Exogenous to what?: exogenous to coal.

The ‘long goodbye’ to Indian coal is the focus of this Chapter, the justifica-
tion for which are manifold, notably that: it remains the incumbent, domi-
nant, primary energy source in India; the duration and speed of that ‘goodbye’
is highly uncertain, and with it India’s energy transition; its governance tra-
vails are such that they may not be limited to its own confines and could
afflict the renewable energy sector too; and that without it pushed aside and
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crowded out, renewable energy will remain, for all its gloss and policy appeal,
at the comparative sidelines.

A final reason is that it is now so unfashionable a topic that it has become
markedly under-studied and researched compared not just to solar energy, but
indeed to petroleum in its many forms, nuclear, biofuels, wind and pretty
much any other form of primary energy source. We hope to at least partly
redress that balance in this Chapter; love it or hate it, coal matters, and energy
transitions, in common with transitions in general, result from a mix of both
push and pull factors.

India’s energy transition pitches solar energy against, and alongside, coal—
the hydrocarbon primary source of energy that is the scourge of climate sci-
ence, but which still dominates Indian electricity generation as the nation’s
one primary energy source. This Chapter asks: is India’s energy transition, in
headline terms from coal to solar energy, likely to be buffeted or energised
given current horizons and knowledge? It asks that question by examining
this Chapter’s endogenous locale: coal in India, its mining, import and com-
bustion. Having done so, it then considers the following proposition: ‘Advent
of the Sun King), i.e. the eclipse of Indian coal by Indian solar energy, in
particular, and renewables, in general. Importantly, critical analysis of that
proposition is firmly rooted in the conclusions reached regarding the incum-
bent monarch, since if the foundations of that reign were not so uncertain
then surely Indian renewable energy development would indeed have been
buffeted not energised.

Section 2, below, considers the szatus quo ante, namely the ongoing domi-
nant position within India’s energy (electricity) sector; Sect. 3 references the
concept of a paradigm shift and how it may be applicable to the subject at
hand; Sects. 4 and 5 consider ‘push’ factors weakening coal’s Indian energy
primacy sector, and putting it under threat of competitive substitution; sub-
sequent sections are titled: International Push Factor: India and Climate
Change Politics (Sect. 6); Coal Threat: Review of Domestic and International
Push Factors (Sect. 7); and then, lastly, the Conclusions (Sect. 8).

Simply for reasons of space, considerations of ‘clean coal” technologies, and
how they might impact on India’s energy transition, are explicitly out-with
the scope of this chapter is; instead these factors are suggested as topics of
future research.
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2 An Incumbent Enthroned: King Coal

In the Indian Supreme Court coal block allocations ruling Manohar Lal
Sharma v The Principal Secretary & Ors. (Indian Supreme Court, 2012: 1), the
apex court reckoned: “Coal is king and paramount Lord of industry is an old
saying in the industrial world... In India, coal is the most important indigenous
energy resource and remains the dominant fuel for power generation and many
industrial applications. .. It is no exaggeration that coal is regarded by many as the
black diamond.”

The (British) East India Company commenced Indian coal mining in 1774
at the Ranjigang coalfield, located along the western bank of river Damodar
in the modern state of West Bengal. Looking forward nearly two-and-a-half
centuries to 2018, this coalfield is still worked, but now by Eastern Coalfields
Limited, a subsidiary of Coal India Limited (CIL), India’s national coal-
mining company. Large-scale coal mining in India has been undertaken
throughout this long time period, even as the British Raj in Indian came
(1858) and went (1947), forming an integral part of the India’s economy.

According to the Central Electricity Authority (CEA, 2018a: 1), nearly
two-thirds of the installed capacity of Indian power stations are accounted for
by thermal power generation, as of January 2018. In more detail: of
334.40 GW total installed capacity, coal accounted for a majority (57.96%)
of the total, at 193.82 GW (2018a: 1). Ciritically, coal’s 58% of installed
capacity translates into 76% of actual power generation (Shahi, 2018).

The past historic trend is for more and more coal-burning nationally. India’s
estimated total consumption of raw coal by industry increased from
462.35 MT during 2006-2007 to 832.46 MMT during 2015-2016 and
consumption of brown coal/lignite increased from 30.81 MMT in 20062007
to 42.52 MT in 2015-2016 (Financial Express, 2017: 41). India’s greatest
consumption of raw coal is by its electricity generation sector, followed by
steel industries. Industry-wise estimates of consumption of coal shows that
during 2015-2016, electricity generating units consumed 508.25 MT of
coal, followed by steel and (coal) washery industries (56.45 MT), cement
industries (8.93 MT) and sponge iron industries (7.76 MT) (Financial
Express, 2017: 41). According to the CEA, as on January 31, 2018, thermal
power projects, with a capacity of 64,861.15 MW, were under construction in
the country (CEA, 2018b: 23), adding yet more coal burning capacity.

In the context of Indian energy, coal has long reigned, and continues to
reign. When and who will call time on this monarchy?
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3 The Dynamics of a Paradigm Shift: India’s
Energy Transition

The concept of a paradigm shift is well established, as theorised by Thomas
Kuhn (Kuhn, 1996). For Kuhn (1996: 5-6), paradigms are ways of interpret-
ing the world and dominant paradigms for any particular topic are the norm,
occur in periods of ‘normal science’ during which understanding is collectively
refined through new empirical experimentation and discovery, and articulated
on the implicit or explicit assumption of the ongoing, underlying, paradigm
being correct. Paradigms, however, are not immune to attack by evidence that
undermines them, albeit they are often resilient for a period of time even after,
rationally, there is no objective basis for them to retain their primacy. Whereas
the exogenous ‘pull’ for an Indian energy transition (here: considered as a
paradigm shift), can be identified as a mix of (perhaps) climate change politics
and (certainly) the low-cost competitiveness, dynamism, and growth of India’s
renewable energy sector, the ‘push’ factor is a composite of wicked problems
endogenous to India’s coal sector, at the pithead, import terminal and thermal
power station.

Section 4, below, begins an enquiry into these push factors domestically;
and Sect. 5 considers a key international push factor: Indian and climate
change politics.

4 King Coal, Vulnerability Begins at Home

Sometimes it is not just charity that ‘begins at home’. Indeed, there are a
number of longstanding weaknesses of coal’s position in the Indian market-
place, both with regards to coal mining and to thermal power generation.
These are outlined below in this Sect. 4.

4.1 Indian Coal Quality

An important dynamic in Gol policy-making is an inherent weakness in
‘king’ coal’s armour—and one of the primary reasons why coal is imported
into India in the first place, one that is quality-related. Indeed, not only has
India suffered historically from shortages of domestically mined coal in abso-
lute terms, there is also a quality deficit too: generally Indian coal is of low
calorific value, contains relatively high levels of ash content (i.e. the remaining
non-combusted constituents of the coal, post-thermal power generation),
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reducing both its efficiency on combustion and also the attendant levels of air
pollution—Indians are all too often ‘short of breathy, just as CIL could be said
to be ‘short (of) tons’. That available foreign imported coal is of higher qual-
ity, with regards to (lower) ash content, is of little benefit to coal’s overall
popularity given that foreign imports are thereby highlighted as superior to
domestic production. One important environmental positive for Indian coal
quality, compared to many imported coal sources, is that it is comparatively
low in sulfur content.

The dirtiest and lowest calorific value coal, and hence the most inefficient
to burn, is brown coal, also known as lignite. Lignite is mined in both south-
ern India, especially the state of Tamil Nadu, and in the north, in particular
in Gujarat. It is primarily used by the electricity generation sector, which
accounts for 90% of consumption, and its total use by that industry and oth-
ers (e.g. cement) is increasing, notably from just 31 MMT in 2006-2007 up
by nearly 40% to 43 MMT in 2015-2016 (Ministry of Statistics and
Programme Implementation, 2017: 41). However, the poor quality of Indian
coal is not limited to its lignite: Indian ‘hard’ coal is of comparatively dirty
and of low calorific value too.

Indian coal can and is ‘washed’ to improve its quality, both in terms of the
removal of ash/other debris and in order to increase its calorific value per
tonne by between 10 and 20% (NITI Aayog, 2017a: 100). This is achieved
through the use of coal washeries. If washing takes place prior to transporta-
tion then there is an added benefit of a reduction in tonnage to be shifted, for
the same overall calorific value of coal; a reduction in ash content also reduces
fouling/slagging deposits on power station boiler surfaces, deposits which in
turn reduce the efficiency of thermal power production.

Seeking positive action on coal ash content, India’s Three-Year Action
Agenda (NITI Aayog, 2017a: 100), 2017/8 to 2019/20 calls for “15 new Coal
Washeries, including 6 Coking Coal washeries with a capacity of 18.60 MTPA
and 9 non-coking Coal washeries with a capacity of 94 (MMT per annum to) be
commissioned to meet Ministry of Environment, Forest and Climate Change
guidelines”. Levels of coal washing demand are likely to increase significantly
if the Gol implements the 2015 recommendation of its environment minis-
try’s Expert Appraisal Committee allowing for coal with an ash content of up
to 25% to be imported, more than doubling the ceiling of 12% set in 2013
(Cornot-Gandolphe, 2016: 14). However, implementation could be chal-
lenging and goes beyond simple regulatory promulgation; speaking in
February 2018, N. Gautam noted that coal washeries in India were only oper-
ating at 50% capacity and that high-ash content coal being, burnt “raw
(untreated)... on some pretext or another”, and a resulting failure of Indian
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thermal power sector (“and that by very proper good companies”) to consistently
meet the 1997 requirement that “all power plants located in sensitive areas,
metropolitan cities and in areas distant from the coalfields, must use coal with less
than 34% ash [content]” (Mathur et al., 2003: 319). Moreover, the question
of washing high ash content coal is complicated yet further by policy contes-
tation centered on national content aspirations relating to those washeries
themselves, for example Venugopal et al. (2016: 196) lament that “the existing
situation of Indian coal washing Industry is a resultant of gross negligence of the
industries to strengthen R&'D for development of indigenous technologies”. In an
argument that combines a call for greater national content with a scientific
rationale supporting such a policy outcome, Venugopal et al. (2016: 196)
argue that, “indigenous technology designed for difficult washing characteristics of
Indian Coal be used, instead of foreign coal washing technology... with little or
no modification”. Hence it is the contention of Venugopal, Patel and Bhar that
coal washeries in India operate at suboptimal levels not just due to under-
utilisation but also as a result of technological issues too.

Whilst cost-control is an incentive for power companies for non-compliance
of coal washeries, regular water shortages in coal and thermal power rich states
such as Bihar is an inhibiting factor in capacity utilisation for what is a very
water-hungry process (insert reference). Indeed, not only are washeries major
consumers of water, the Indian experience is that they can and do, when
poorly managed, lead to significant groundwater pollution, providing an
additional compelling human health reason to transition away from coal. The
figures regarding air pollution, specifically, are appalling in their human toll:
Dockery and Evans (Dockery and Evans, 2017: 1863) report a range of 0.94
to 1.25 million early deaths in India in 2015 that were attributable to air pol-
lution (central estimate: 1.09 million), much of it produced by coal-fired
power. Coal washing and coal blending, namely of domestic high ash content
coal with lower ash content imports, has the same, State regulated, aim of
reducing overall ash content of combusted coal, in particular for reasons of
human health and wider environmental protection. Even so, air pollution
reduction and environmental safeguarding of groundwater remain highly
salient political issues in India—not least, as is discussed below, adherence to
the applicable regulations is less than complete; together, they constitute
important twin environmental drivers in favour of a cleaner energy transition.
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4.2 Indian Coal Importation, Exploration,
Transportation & Production

Indian coal, or rather coal in India since much of it is non-Indian in origin,
faces an additional broad range of challenges due to its relatively low quality,
as measured by an unwelcome combination of low calorific value and high ash
content. The sector continues to experience significant travails unrelated to
the quality of its output, these range from shortcomings in exploration, pro-
duction and transportation, and the necessity of coal imports to complement
domestic production for purposes of achieving necessary coal quantity, not
just overall blended quality.

Indeed, one nuance to the concept of “Indian king coal” is that, like so
many monarchies, it is of mixed national origins. During the financial year
2015/2016, India mined 536.5 MMT of coal (NITT Aayog, 2017a: 99), and
for 2016 as a whole it was ranked by the IEA as the world’s second largest
producer (IEA, 2017b: 17); however, such is India’s demand for the mineral
that it is also a very significant coal importer—over the same time period,
India imported a further 200 MMT of the mineral (Dogra, 2016). This reli-
ance on coal imports has the effect of providing a further chink in the armour
of King Coal in an Indian context since: many of the coal mining jobs India’s
thermal power sector support are not, in fact, Indian; India is exposed to for-
eign pricing/coal availability risk; and the coal trade has a negative net impact
on the nation’s balance of trade. Travails and related weakness to King Coal’s
reign in India also relates to exploration, transportation and production;
see below.

Exploration and production of Indian coal has often failed to keep pace
with Gol expectations and targets, resulting in well publicised shortcomings
to, admittedly very high and perhaps unrealistic, Gol expectations. This fail-
ure in expectations management provides a further weakness in King Coal’s
position within the Indian polity.

With respect to coal exploration, in 2013 Greenpeace (2013: 13) warned
that “at targeted growth rates, CIL extractable coal reserves could be exhausted
within 17 years” leading to enhanced levels of coal imports, noting that “reserve
levels as of April 2011, (were) at 16% below (the) levels cited in. .. documents of
20107; noting, by way of explanation, that CILs ‘exploration efforts’ were fall-
ing short (and by 65%) of its targets, and that if CIL could improve its per-
formance in this respect then future supply shortages could be avoided. CIL
performance in this regard did subsequently improve, success that can be
observed in an annual increase, despite ongoing extraction, of more than 7
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Billion Metric Tonnes (BMT) to 302 BMT in total estimated coal reserves of
as of 1.4.14 (Ministry of Coal, 2014: 1). As of April 01, 2017, India’s officially
estimated reserves of coal, as reported by the Press Information Bureau (PIB),
had increased yet further, to over 315 BMT (PIB, 2018).

Nor has Gol’s push for CIL to make new discoveries has abated since;
India’s Three Year Action Agenda (NITI Aayog, 2017a: 99), specifically calls
for: exploration of a quarter “of the untapped 5,100 sq km balance coal bearing
area to ensure availability of more coal mining blocks”; and conversion of a quar-
ter “of the 139.15 billion tonnes of coal reserves as on 31st March, 2016 in the
Indicated’ category into ‘Proved’ category by engaging top exploration companies
with attractive contractual provisions”.

Just as exploration results are both impressive in absolute terms, but some-
times well below the stretching targets set by the Gol, such is also the case for
CIL production. Current CIL production targets remain challenging, as per
the Three-Year Action Agenda, 2017/8 to 2019/20: “CIL has to raise its pro-
duction from the current level of 536.5 MMTs in 2015-2016 to 1 BBT by
2019-2020", albeit “depending on coal demand” (NITI Aayog, 2017b: 99).
Whether or not this 81% increase in production is achievable is possible, but
open to doubt; as illustrated by data for financial year 2017/2018 which
shows a continuation of this pattern: total CIL production was up from the
previous year, but only by 2.39%, to 567.37 MMT (Cuddihy, 2018), and
therefore well short of its 600 MMT annual target for that year. Any ongoing
failure by CIL to meet its production targets increases the likelihood of addi-
tional coal imports being required to meet demand; the other key variable, of
course, being the actual level of aggregate demand for coal in India.

India’s draft (2017) National Energy Policy (NEP) appears weak in its pre-
diction (wish?) that increases in coal demand by the Indian power sector that
it expects “is likely to be first met by domestic coal” (NITI Aayog, 2017b: 34),
not least since the same document acknowledges that ensuring requisite
increases in domestic supply “will require quick exploitation of our reserves”
(2017b: 34). An obvious, but undesired by Gol policymakers, alternative sce-
nario is that a substantial amount of any such supply gap is met through
coal imports.

In fact, the commercial dynamics behind Indian coal imports are complex,
combining coal quality, pricing and reliability of supply drivers, and interact
with political, dynamics such as those laid bare in the form of demanding (in
both senses) Gol targets for domestic coal production above. Both regarding
the inherent risks of relying on large-scale coal imports (including from
Indonesia, which has brought additional above ground risk), and with regards
to other high-salience factors including the extreme and fatal levels of air
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pollution in India in very large part due to coal burning, the resilience of a
dominant coal-fired thermal power sector in India may be undermined by its
seeming inability to meet the twin challenges self-sufficiency in coal produc-
tion and acceptably clean air for the public to breathe, further to combustion.

One such maximalist projection of imports was provided in 2014 by Rio
Tinto, which forecast that Indian coal imports would more than double to
approximately ¢.225 MMT by 2025, extrapolating from an observed
(2007-2012) annual rate of increase of ¢.11 MMT p.a. from the base, 2007,
figure of 25 MMT, and implying a ¢.800% increase over this 18 year time
period (Rio Tinto, 2014, p. 34). Starting from the same base year of 2007,
Chikkatur et al. (2007: 3745) suggests a more conservative rate of annual
increase in thermal coal imports of 5.5%; over an 18 year period, com-
pounded, this implies an overall 150% increase in coal imports by 2025.
Whether the increase is 150%, 800%, or somewhere within this range, the
level of increase is highly significant and substantial—and a challenge to
India’s prospective energy transition towards clean and sustainable energy.

Additionally, there is the question of the cost of these imports, and their
(financial, as opposed to human) price. The higher cost of foreign imports was
implicitly accepted by large-scale, power sector, consumers of foreign coal
who collectively built an extensive thermal fleet in littoral locations close to
coal terminal ports; these locations saved time and money by limiting to the
minimum onshore transportation, reducing the impact of the price differen-
tial to domestically mined coal, and provided additional benefits in terms of
both supply quality and reliability. However, the choice to rely so heavily on
imports, in particular from Indonesia led to the introduction of an additional,
exogenous, above ground risk.

Indonesian coal price changes were an important catalyst in the evolution
of India’s coal governance, as explored below in the context of the Gol’s
‘SHAKTT scheme. Alongside Indonesian imports, India has also relied, in
particular, on South African and Australian coal too. The situation is highly
dynamic between these suppliers. Traditionally Indonesian coal has domi-
nated Indian thermal coal imports; this was the case even after the Government
of Indonesia introduced regulatory changes in 2010 that led to increased
export prices for the nation’s coal. Indonesian coal has the benefit of both low
sulfur and ash content (typically below 15% ash, compared to up to 50% for
Indian coal), but unfortunately it is also low in calorific value too—a looming
vulnerability yet to be fully exploited in FY 2014, when Indonesia retained a
78% market share of Indian thermal coal imports (Cornot-Gandolphe, 2016:
13). However, and presaging an ongoing trend away from Indonesian coal
imports, the following year saw a significant drop in international prices for
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thermal coal, in particular for higher grades, hence “higher-grade coal therefore
became more competitive than Indonesian low-rank coal” and imports of ther-
mal coal above the calorific value 5,831 kcal/kg “jumped from 5 Mt in FY2014
to 18.7 Mt in FY2015" crowding out Indonesian imports as Australian
imports doubled in a single year and those from South Africa increased by
54% (Cornot-Gandolphe, 2016: 13).

India’s Three-Year Action Agenda of 2017 calls for this momentum in coal
import diversification to be maintained, alongside a reduction in overall levels
of imports: “it is important that India increases its domestic coal production to
provide energy security and reduce its dependence on imports. The energy security
may be further enhanced through diversification of the import sources” (NITI
Aayog, 2017a: 99). In the same year, 2017, India’s Energy Minister, Piyush
Goyal noted recent successes already achieved in reducing coal imports,
including a 25% reduction year on year as of the previous December, and
stated that he “aims to eliminate coal dependency in the next few years” (Goyal,
2017), a succinct statement of the same policy.

India’s Three-Year Action Agenda (NITI Aayog, 2017a) emphasises energy
security alongside the policy imperative of crowding out imports in favor of
national content. Indeed, energy security remains a challenge for India.
Despite all attempts to reduce any holdups in coal supply, coal supply short-
ages continue to afflict the power sector—this time born out of logistical
constraints rather than production impediments. There is an ongoing need to
improve Indian port coal capacity, as specifically identified in 2014: “Indian
ports cannot take capsize vessels which carry more cargo (can get only panamax
[freight: which are smaller and expensive) and reduce the cost. Moreover the aver-
age time taken by ships to loadfunload at India ports is almost 96 hours, 10 times
longer than in Hong Kong” (Bose, 2014). India has responded with sustained
and at-scale port investment, including the $123bn, Gol, ‘Sagarmala
Programmeé’ which, spread across 415 different projects, aims to develop new
ports, modernise existing ones, increase port connectivity and industrial link-
ages, and provide support to local community development (Invest
India, 2018).

Even when the coal has reached India, transportation of coal over long
distance is proving to be a bottleneck and “...coal stocks at operational thermal
power plants have remained low at only 10 days of requirement. Importantly, the
number of plants with critical-level coal stock has zoomed to 28 as of March 2018,
with distant plants in western and northern India witnessing greater shortage”
(ITFL, 2018). In response, the Gol and CIL have proposed significant invest-

ment in rail freight infrastructure, including both new railway lines, not least
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a dedicated eastern freight corridor to be in service as of 2021, and improve-
ments to existing lines (IIFL, 2018).

However, such railway investment does not address the constraining factor
of cross-subsidy that coal freight in Indian is burdened with: Indian Railway
(IR)’s ‘explicitly over-prices coal freight by about 31 per cent to offset its ‘social
obligation’ or coaching losses’, amounting to an “overcharge’ from coal... in
FY 2017 of approximately 108bn INR, comprising “over 85 per cent of costs
for transporting coal to thermal power plants” or, on average, an extra 0.21 INR/
kWh of cost rising up to threefold “for power plants in distant states, which
inherently rely on railways for coal’ (Kamboj and Tongia, 2018: 9). That this
business model will be hard to break is evident from a quick review of, FY
2017, statistics: 60% of coal consumed in India was transported by rail, indi-
cating a high degree of dependency on IR by the sector; and 44% of IR’s
revenues are derived from coal freight, and an even greater proportion of its
profitability (2018: 9), completing a circle of coal sector-IR
interdependency.

5 Indian Coal (Mis)Governance

A further weakness to the pre-eminence in Indian coal is its apparent wide-
spread and longstanding mis-governance.

The World Bank defines ‘governance’ as the “manner through which power is
exercised in the management of a countrys economic and social resources for devel-
opment” (World Bank, 1992: 1). The United Nations Development
Programme (UNDP) defines governance as “the exercise of economic, political
and administrative authority to manage a countrys affairs at all levels. It com-
prises the mechanisms, processes and institutions through which citizens and
groups articulate their interests, exercise their legal rights, meet their obligations
and mediate their differences” (UNDP, 1997: 56).

In both these definitions, there is an emphasis on development and man-
agement of the country’s affairs with good governance an enabling precursor,
or ‘hygiene factor’. In the context of private sector participation in the energy
sector, public policy is not simply concerned with objective setting and man-
agement of resources, but also has a legitimate focus on ensuring good gover-
nance. In practical terms this includes that for-profit activity is not conducted
at the expense of the public weal—in such circumstances there is a need to
ensure (e.g. via laws, regulations and enforcement mechanisms) that, inter
alia, consumers, the general public and the investors are all protected from
oligopolistic profiteering and collusion, environmental pollution/public
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safety, and insider share dealing. If the assets are largely under the control/
under the ownership of the State, the issue of governance is more direct since
the State exerts controls, including directly as the beneficial owner. These con-
cerns have led, in India, to an elevated level of alert, both up and downstream.
Perceptions of suboptimal levels of governance combined with a degree of
fatalism lead to low-bar targets of achieving ‘good enough governance’ that
tolerates graft and mismanagement alike.

India’s coal sector has proven highly problematic for successive Gols to
manage; many of the issues encountered are fundamentally ones of (mis)gov-
ernance of the sector.

There is a longstanding and ongoing debate between whether mining (e.g.
coal mining) is part of a global “resource curse” or whether the ‘extractive
industries’ (viz. oil, gas and mining) are of developmental benefit to host
countries; certainly, whilst India’s history of economic development has been
powered, primarily, by goal, the fact of a violent and illegal side to Indian coal
mining (Bhattacharjee, 2017) speaks to a different, and more uncomfortable,
truth. For instance, in the Dhanbad-Jharia coal basin of Jharkhand state
boasts both a formalised coal mining sector and a mafia subculture linked to
illegal mining, theft and trading that is linked to both corruption and a
Maoist/’Naxalite’ violent insurgency drawing economic rent from local, ille-
gal, coal mining operations (Mukherjee and Choudhuri, 2013).

Illegality in Indian coal mining, which was not limited to Jharkhand, man-
ifests itself in two ways: (i) illegal mining of the mines, typically small mines,
mostly abandoned by the public sector companies when, for example, they
have become uneconomical, and (ii) illegal marketing and distribution of the
coal, scavenged from trucks, rail wagons, or even legal mines (Lahiri-Dutt,
2007). The mafia “emerged as a quasi-outsourced economical and political
department of the now centralised state-industry, becoming an intrinsic part of the
mining regime during the 1970s to 19905”; by the 1990s, however, illegal coal
mining/trading had assimilated even to the extent of being seen as ‘normal
business (Sanhati, 2011).

5.1  From Crisis, Comes Change

By mid-1991, Change was coming, born of economic stagnation and crisis.
India’s currency crisis of the time was severe and the Gol sought loans from
the International Monetary Fund and the World Bank. As a by-product of
receiving such aid, sought to steadily liberalise the nation’s economy, includ-
ing privatisations of state assets, and the restructuring of assets retained under
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public ownership (Hiro, 2016). The coal-mining sector was not to escape
untouched by this policy drive.

At the pithead, the first round of resulting structural changes in the coal
industry were initiated through amendments to the applicable legal frame-
work. In the context of coal shortages and electricity load shedding/power
outages, the power sector was permitted as a designated, i.e. protected, end
use for coal consumption, a legislative change effected by 1993 amendment
to the Coal Mines (Nationalisation) Act (CMNA)1973; the cement gained
the same benefit in 1996, through further legislative amendment (Ministry of
Coal, 1993). These changes facilitated captive coal mining, i.e. extraction for
consumption by a designated end user, by the private sector.

Downstream, India’s Electricity Act of 2003 consolidated previous legisla-
tions governing electricity, and among other things and promoted competi-
tion in the power purchase costs, and efficiency in the provision of services.
This was imperative given the poor financial health of the State Electricity
Boards (SEBs). The coal-hungry SEBs, accountable for the supply of electric-
ity to Indian consumers, both residential and industrial, had become “bastions
of political patronage rather than true business enterprises” (Tongia, 2003: 6-7).
The SEBs, at the time of writing, met the responsibilities of distribution and
supply of power to the customers, but their massive and growing losses and
frequent power thefts constrained their growth with state budgets being
unable to cope up; “in some states, SEBs had become the single largest drain on
state finances and had eroded the states’ ability to supply other social services such
as health care and water infrastructure” (Tongia, 2003: 7). Therefore, the mea-
sured reforms were intended to ease the pressure on the (i) coal industry by
promoting captive mining by power generators and (ii) SEBs/distribution
licensees by promoting competitive (potentially lower) prices to the end users.

However, the legacy issues in the coal industry also exposed a weakness
within the Gol’s governance and regulation of the power sector: a procure-
ment driver for achieving value for money is that pursuit of low prices from
power sector generators through competitive auction. However, this begs the
question of what happens when the power generator fails to supply power at
agreed low prices and instead seeks relief from its obligations; implying pass-
on prices increases payable by the purchasing electricity distribution company
(Discom), and finally, onto consumers. If the Discom refuses to pass through
the increased cost, the project becomes unviable and ‘stressed’, or ‘non-
performing’—with knock on effects for the banking sector that provided the
necessary finance. Management of this risk remains a governance challenge:
the Gol’s Scheme for Harnessing and Allocating Koyala (Coal) Transparently
in India (SHAKTT) policy, discussed below, can be seen as a pragmatic policy
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response that is dressed up, as evidenced by the choice of name, as an account-
ability and transparency measure.

The introduction of the New Coal Distribution Policy (NCDP) in 2007
(Ministry of Coal, 2007) served as a major structural change in the coal indus-
try; consolidated Gol policy and mandates on coal allocation, and remained
an important point of reference, including through its regular Gol updating
and amendment, for a decade after it was first issued. However, and as evi-
denced below, the structural changes between 1991 and 2010 did not elimi-
nate the embedded arbitrariness, ambiguity and corruption, and human
nature’s inherent bias towards status quo.

5.2 Coal Mis-Governance Dénouement?: Coalgate
and SHAKTI

In 2010 the Gol sought to steadily reform the coal sector in an evolutionary
rather than a revolutionary manner, responding to the perception that the
system of coal allocation, based on the concept of ‘linkages’ to the rest of the
economy, led to arbitrary decision-making and needed to be opened up to
more competition and transparency. The law governing the regulation of
mines and developments of minerals—the Mines and Minerals (Development
& Regulation) (MMDR) Act, 1957 (Ministry of Mines, 1957) was subse-
quently amended (in 2010 and again in 2015), to mandate the allocation of
coal blocks by auction through the process of competitive bidding, e.g. see
Ministry of Law and Justice (2015a).

This evolution approach to reform, whereby competition was allowed to
coexist with previous forms of state-allocation, faced disruptive change with
the breaking of the so-called ‘Coalgate’ scandal in 2012. The scandal’s genesis
was long-term mis-governance of the coal sector in India. Its spark was a 2012
report by the Comptroller and Auditor General (CAG) of India, specifically
Report No. 7 0f 2012-2013, Performance Audit of Allocation of Coal Blocks
and Augmentation of Coal Production of the Ministry of Coal, also known as
the ‘CAG Report’ (Comptroller and Auditor General of India, 2012). The
report concluded (2012: 43-45) that there was a lack of transparency and
objectivity in the allocation of coal blocks, recommended that the Indian
Ministry of Coal should urgently consider remedial next steps, and made
apparent to the Indian public how arbitrary previous the making coal alloca-
tions had often been prior to 2010. Further to national outcry, the scandal
was popularly labeled as ‘Coalgate’ (Indian Express, 2017).
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Responding to popular pressure, India’s Central Bureau of Investigation
initiating a probe into alleged corruption in the allocation of coal blocks.
Coalgate also became the subject matter of a group of writ petitions filed in
the nature of Public Interest Litigation, wherein it was alleged that these allo-
cations were illegal and unconstitutional. Amongst many other commenta-
tors, former Ministry Coal Secretary P.C. Parakh was scathing in his criticism
of the ‘policy paralysis that he identified as being a key factor in its genesis, and
is equally critical of the litigious outcome to the scandal: “/itigation will fur-
ther delay production of coal from captive blocks and force the country to import
more coal and add to inflationary pressures and worsen the already adverse trade
balance” (Parakh, 2014). The dénouement duly arrived in the same year of
2014 when the Supreme Court, in its order dated September 24 regarding
Manohar Lal Sharma v The Principal Secretary & Ors. (Indian Supreme Court,
2012), cancelled 214 of 218 allocations made prior to 2010 and held that
these allocations not only amounted to largesse, but were also both arbitrary
and illegal.

Forced by circumstances and to minimise any impact on designated end
use sectors (sponge iron, steel, cement and power utilities), the Government
swiftly brought in ordinances and then legislation—the Coal Mines (Special
Provisions) Act, 2015 (Ministry of Law and Justice, 2015b)—to allocate coal
blocks (regarding these specified sectors) through either public auction or
government allotment. Public opinion and pressure clearly favoured the for-
mer route. Through legislative reforms, which began in 2010 and continue at
the time of writing, spurred on by practical difficulties that continue to affect
the coal industry, the Government removed discretion in grant of mineral
concessions and provided for all mineral concessions to now be granted only
through auctions.

In many ways the catalyst for SHAKTT also occurred in 2010, the year
when Indonesia’s Ministry of Energy and Mineral Resources (MEMR) pro-
mulgated Regulation 17, 2010, which regulation (MEMR, 2010) had the
effect of significantly elevating Indonesian coal export prices, to the extent
that one author (Ghoshal, 2013) considered that in terms of “Indian impact. ..
may well be the end of the road for cheap Indonesian coal.” Responding to this
price hike, Adani Power Limited (APL), and several other power generators
reliant on Indonesian coal, requested that the regulator allow them to pass
through their increased cost to consumers through higher prices. The Central
Electricity Regulatory Commission, as regulator, and supported at appeal by
the appellate tribunal for electricity, indeed allowed for a higher, compensa-
tory tariff to be granted. But that decision was then challenged in the Indian
Supreme Court, which apex court set aside the decisions of the regulators and
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held that the PPAs do not contain any clause that coal is to be procured only
from Indonesia at a particular price and therefore, the price payable for the
supply of coal is entirely for the risk-taking electricity generator to bear. The
Supreme Court directed for any relief to be granted to the power generators
to be restricted to the terms of the PPAs and the competitive bidding guide-
lines. The result was effectively an impasse and pushed many power projects
to the brink of financial non-viability (Chatterjee, 2017).

The SHAKTT Policy was released barely a month later by the Gol; in May
2017, the Gol’'s Cabinet Committee on Economic Affairs approved the
replacement of both the existing regime applicable to non-designated indus-
trial coal sector consumers, and the NCDP-mandated arrangements applica-
ble to designated sectors such as for electricity generation and based on coal
linkages, with SHAKTTI. The new policy had the effect of financially rescuing
a wider range of non-performing thermal power plants—irrespective of
whether there is a PPA or not or where PPAs have been signed based on sup-
ply of domestic coal or imported coal.

SHAKTT did more than bail-out struggling thermal power projects, it also
presaged a major change in Gol coal mining policy aimed at delivering domes-
tically mined coal reliably—in terms of both quality and quantity—afford-
ably and on time to India’s power sector, and hence avoiding the need for
future measures to rescue that sector from the impacts of unexpected foreign
coal price hikes. That change came ten months after SHAKTT’s launch, in
February 2018, when the Cabinet Committee on Economic Affairs, chaired
by Prime Minister Narendra Modi approved the methodology for auction of
coal mines/blocks for sale of coal under the Coal Mines (Special Provisions)
Act, 2015 (Ministry of Law and Justice, 2015b) and the MMDR Amendment
Act (Ministry of Law and Justice, 2015a). The following high salience changes
resulting from these policy and legislative changes: (i) that there will be no
restriction on the sale or utilisation of coal from the coal mine; and (ii) the
end of the monopoly of the public sector competition and will encourage CIL
and its subsidiaries to become more eflicient and able to better compete in the
energy marketplace (Cabinet Committee on Economic Affairs, 2018).

Regardless of this criticism, it is important to recognise that for some com-
mentators, the Gol has now achieved its SHAKTT objective of ensuring trans-
parency in coal allocation, for instance this is the view of S. K. Srivastava
(Srivastava, 2018).

Whilst it is far too early to judge the efficacy of this policy change, and
readers of this Chapter can make up their own minds regarding the efficacy of
the SHAKTT scheme in terms of coal sector transparency, what can be con-
cluded is that the mis-governance of India’s coal sector has been publicly and
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cruelly exposed through, most recently, Coalgate and SHAKTTI, and—over a
longer time period—the mafia-rife illegal coal mining/theft taking place in
peninsular northeast Indian as highlighted above with respect to the Dhanbad-
Jharia coal basin. By exposing the need for fundamental reform of India’s coal
sector, both at pithead and thermal power station, these public failures of coal
governance further undermine the pre-eminent position of King Coal in
India, providing further space for an upstart pretender to dethrone the sitting
(reigning) incumbent.

In sum, coal sector wider dynamics and of the coal and governance failings
are, perhaps counter-intuitively, a significant driver in India’s energy transi-
tion away from coal iz foto and towards cleaner energy, in particular renew-
able energy; perhaps it is true that “coal always curses the land in which it lies”
(Caudill, 1963: 37), certainly India is abundant with supporting evidence of
this claim. Another political arena to test this veracity of any paradigm shift
away from coal to renewables in India, and hence an energised rather than
buffeted energy transition, is that of climate change politics and India’ stance
therein. Indeed, the domestic push factors providing febrile ground for any
energy transition from coal to renewable energy in India do not, in fact, tell
the whole story: international push factors are pertinent too.

Section 6, below, focuses on one such push factor that is of critical impor-
tance: India and international climate change politics.

6 International Push Factor: India and Climate
Change Politics

Notably, one key political driver enabling India’s reign by ‘king coal’ is the
degree to which the sector was, previously, seemingly uninhibited by any
domestic public policy concerns regarding global climate change. If coal is
really to be left behind by India’s paradigm-shifting energy transition, then
India’s positioning on climate change issues is a valid place to seek evidence
either consistent or inconsistent with that hypothesis.

The impact of any evidence is likely to be non-symmetrical in the sense that
an Indian climate change policy of denial or refusal to meaningfully engage in
necessary GHG measures does not prove that India’s energy transition will
not take place anyway, for instance as a result of the comparative economic
advantages of renewables over coal, whereas serious and binding commit-
ments to tackle GHG emissions by the Gol surely do necessitate a significant
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and deep energy transition to sustainable primary sources and away from fos-
sil fuels, if those commitments are credible.

Even in the former case, that is of denial/refusal to meaningfully engage in
international climate change politics, that finding would be significant since
it would suggest that any observed energy transition, e.g. from coal to renew-
able energy, was contingent on the vagaries of economics given an absence of
demonstrated political commitment to significant GHG reductions. Of
course, that commitment could emerge at a later date or alternatively the
economics or renewables could continue to outdo those of coal, either way
resulting in no stymieing (or ‘buffeting’) of India’s clean energy transition but
for different reasons. Or the opposite set of circumstances may occur, leading
to a startling switchback to Indian coal-fired thermal power generation.
Section 6.1 below starts the process of examining the available evidence.

6.1 The Salience of India’s Climate Change Policy
to the Nation’s Energy Transition

Because of the scientifically-established link between coal-combustion, GHG
emissions and anthropomorphic climate change, Indian policy on climate
change has implications for its policy on domestic coal-consumption—until
recently (see below) national policy decisions on climate change have been
devised such that there has been no noticeable, substantive, inhibition on
domestic coal fired power generation. However, presaging an important
change of global and not just national significance, this is no longer the case—
and the evolution of the Gol’s climate change policy positions are of poten-
tially highly significant to the nation’s energy transition, and hence highly
salient to any posited ‘long goodbye’ to fossil fuels in the country.

6.2 Climate Change Policy: Status Quo Ante

India’s climate change policy, and its unbending restatement even in the face
of international pressure to relent, was described as recently as 2009 as a “sa/u-
tary case study in the failure to build North/South trust” in multilateral negotia-
tions (Dubash, 2009: 1). As related by Mahr (2013), India “has argued for
years that developing economies should not be held to the same standards of reduc-
ing carbon emissions as developed countries, and that the imperative to develop
and reduce poverty should trump Indias committing to emissions targets” No
change, i.e. continuity, in terms of India’s climate change policy evolution also
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meant, figuratively, the giving of ‘no change’ to anyone foolish enough to
expect Indian policy concessions on its GHG emissions. India’s position
“reflected a very traditional developing country position, tinged with neocolonial
rhetoric”, the “two most important and partly interrelated arguments behind
(this) traditional Indian position (being) (a) the historic responsibility of the North
and (b) per capita rights to global environmental resources”, according to Vihma
(2011: 78). India’s policy stance is significant not just in its own right, but in
light of the fact of its “leadership role in the developing world makes the country
currently one of the key actors in global climate governance” (Vihma, 2011: 70)
a role it has specifically courted and sought to defend (e.g. Rajan, 1997 and
Rajamani, 2008, both cited in Vihma, 2011: 70).

Outwardly determined and seemingly unchanging in its policy-making
on climate change, this policy of no behavioral change was facilitated and
underpinned by a resilient, tight-knit, relatively-closed climate change
policymaking elite (2011: 81), perceived as such by authors writing many
years apart, e.g. M.K. Rajan (1997, cited in Vihma, 2011: 81). Since the
policy was settled, large numbers of experts were not required to debate or
negotiate it—internally or externally, leading to the Indian negotiating
team consisting of just a quarter of the size of Indonesia’s at the 2009
United Nations Climate Change Conference 15th Conference of the
Parties (COP) 15 and criticism of this fact, and similarly (relatively) small
Indian negotiation teams in other global climate governance negotiation
forums, a fact criticised in 2013 by N.K. Dubash (Dubash, 2013)

amongst others.

6.3 Climate Change Policy: Pre-2014 Attempts at
Change

Contemporaneous attempts at challenging the above orthodoxy had met with
comparative failure, even when led by a Government Minister. Vhima notes
the policy reorientation work of India’s Minister of Environment and Forests
for the period 2009—2011, Jairam Ramesh, advocated for revised Indian
positions on climate change offering “some degree of credibility internationally”
such that India could convincingly and genuinely demonstrate its desire for a
meaningful climate change agreement at COP 15, “even if this meant compro-
mising on some aspects of the traditional position”, quoting as evidence for this
policy activism a leaked letter to the Indian Prime Minister (Vihma, 2011:
76). However, COP 15 was widely seen as a failure, and India’s negotiating
position cited by many commentators (e.g. Rapp et al., 2010), including
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citations of “secret recordings. .. reveal(ing) how China and India prevented an
agreement on tackling climate change at the crucial meeting” of COP 15.
Writing in 2011 two years after COP 15, former Indian Ambassador to the
European Union and former Indian negotiator on climate change issues,
Chandrashekhar Dasgupta, charged Ramesh with “turn(ing) India’s climate
change policy on its head” by calling, in 2010, for “all countries (to) take on
binding (climate change) commitments under appropriate legal forms”, including
India, a volte face for which, according to Dasgupta (2011), he faced “a bar-
rage of criticism at home”; instead, Dasgupta argues (2011) for a return to the
former, consistent, policy Gol policy objective, namely that “India must ensure
that the outcome of the negotiations does not unjustly constrain its energy options
or facilitate disguised protectionism directed against emerging economies. .. (lest)
its development prospects will be imperilled if it fails to bring its climate change
policy back on track”. In 2011 this battle between advocates of Dasgupta’s tra-
ditional Indian policy perspective, and policy innovators such as Ramesh,
remained undecided and the long-term outcome of Indian policy uncertain.
Three years later, India held a general election that has provided far greater
clarity on the nation’s future climate change policy trajectory, albeit contin-
gent with ongoing indeterminacies regarding extent and rate of policy change.

6.4 Climate Change Policy: 2014/5, Two Years
of Sustainable Change

However, following the 2014 All-India general election and the election of a
majority BJP government, disruptive change came to India. Whilst Ramesh
was considered a ‘maverick’, e.g. by Scrutton (2011) or worse (e.g. see
Dasgupta, 2011), a government Minister whose activities were both enjoyed
and constrained by the limited “level of support from his party and the prime
minister’s office” (Vihma, 2011: 75), climate change policymaking change was
now to come from the very top and supported by new institutional structures
and key policymaking personnel, as encompassed below. In short, it became
“sustainable” in the sense of durability as well as environmentally. 2015 saw
the adoption of the multilateral “Paris Agreement” on climate change, see
below, and it is the year identified as the ‘watershed year’ for Indian sustainable
energy sector policy both, using the same exact phrase for the same year, by:

* Krisahn Dhawan, CEO of Indian NGO the Shakti Sustainable Energy
Foundation (Shakti Sustainable Energy Foundation, 2016), citing both
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national and international policy developments of the ‘new Government
(2016: 1); and

* Anil Razdan, Mr. Anil Razdan, Former Gol Secretary of Power, who in
2018 cited global agreement on the Paris Agreement, the global Sustainable
Development Goals, and the constructive role in the Gol facilitating the
negotiation of both of these multilateral agreements (Razdan, 2018).

6.5 Climate Change Policy: The Paris Agreement

Under Prime Minister Modi, India helped to negotiate the United Nations
Climate Change Conference 21st COP 21 (‘Paris Agreement’), which rati-
fied, and specified Indias following Nationally Determined Contribution
(NDC) targets for 2030: to lower the emissions intensity of GDP by between
33%-35% below 2005 levels; increase the share of non-fossil based power
generation capacity to 40% (equivalent to 26-30% of generation); and to
create an additional (cumulative) carbon sink of 2.5-3 gigatonnes of equiva-
lent carbon dioxide through additional forest and tree (United Nations
Framework Convention on Climate Change (UNFCC), 2016).

Moreover, and according to the international-in-remit Climate Action
Tracker (2017) , India is delivering on its COP 21 commitments: “/ndids cur-
rent climate policies will see it reaching its 2030 non-fossil capacity target, and
overachieving its emissions intensity target submitted under the Paris Agreement’
(Climate Action Tracker, 2017).

It would be of significance here to note that the NITI Aayog (see below)
authored draft NEP (NITT Aayog, 2017b) and Three-Year Action Agenda,
running from 2017/8 to 2019/20 (NITI Aayog, 2017a), has accorded impor-
tance to coal. In particular, this meant and means: BJP Leader and Indian
Prime Minister Narendra Modi, and the National Institution for Transforming
India (NITT, the acronym being a pun on “Planning”) Aayog (Commission),
which Modi’s government established (in 2015) and which he is also Chairman
of (Modi abolished in 2014 Independent Indias original Planning
Commission, established in 1950, three years post-Independence) has
approved such this position.

Understanding the dynamics of this shift is important in order to better
predict the future of Indian climate change politics. However, it is vital to
note that this shift is not as all-consuming and revolutionary as it may first
appear. India’s accompanying statement (i.e. caveat) to its deposition of COP
21 ratification is as follows:
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The Government of India declares its understanding that, as per its national
laws; keeping in view its development agenda, particularly the eradication of
poverty and provision of basic needs for all its citizens, coupled with its commit-
ment to following the low carbon path to progress, and on the assumption of
unencumbered availability of cleaner sources of energy and technologies and
financial resources from around the world; and based on a fair and ambitious
assessment of global commitment to combating climate change, it is ratifying
the Paris Agreement. (UNFCC, 2018).

The above effectively makes contingent India’s climate change policy on,
inter alia, poverty reduction, and thus provides a line of continuity back to
1974, at least, when Indian Prime Minister Indira Gandhi made clear to the
1972 Stockholm U.N. Conference on Human Environment that “on the one
hand, the rich look askance at our continuing poverty—on the other, they warn us
against our own methods. We do not wish to impoverish the environment any
further and yet we cannot for a moment forget the grim poverty of large numbers
of people. Are not poverty and need the greatest polluters” (Indira Gandhi
Memorial Trust, 1992: 15). Indeed, “there is a tradition in Indian foreign
environmental policy that frames environmental stewardship and socioeco-
nomic development as contrasting priorities” (Vihma, 2011: 74).

The prognosis herein would be: India both pursuing policies, such as
energy transition towards renewables and away from coal, that genuinely do
advance global climate change policy goals, whilst also including caveats in
Indian COP depositions, such as for COP 21. It is consistent with India seek-
ing national benefits from pursuing such policies, e.g. low-cost clean-Indian
air power generation, primarily for national benefit, and its realism/cynicism
that thermal coal-fired power’s replacement will indeed be a ‘long goodbye’
and not anything quicker than that—as per the NITI Aayog documents criti-
cised by the Climate Action Tracker above. Furthermore, since the stated
objective is national benefits and not international collaboration nor good
faith per se: progressive realism’, i.e. arguing for a shift in India’s growth strat-
egy in favour of more environmental sustainability and internal equity by
pursuing ‘co-benefits’, at home—strategies that are shaped by domestic pri-
orities but also bring climate gains, would be consistent with the application
of the concept of ‘dual politics’, identified by Vihma as prevalent (Vihma,
2011: 75), whereby Indian politicians aim “at giving conciliatory (climate
change) signals to international audience, and a strident, sometimes populist mes-
sage for domestic audience(s)”. The what-works pragmatism of ‘progressive real-
ism’ also allows for combined and complementary factors to be considered
alongside this brief analysis of international climate change diplomacy drivers,
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in particular: the opportunity of cheap, clean renewable power; and the need
to radically improve Indian air quality (a factor alluded to above) and save
millions of Indian lives thereby.

Data points in support of this perspective include well-publicised Gol
commitments on renewable energy and climate change, for example, and
domestically, in late 2014 the new BJP-run Gol established a stretching
national target for the country of increasing its solar power installed capacity
by a factor of 40 by 2022, from just 2.5 Gigawatts (GW) to 100 GW (Ross,
2016). Even more powerful, the purpose of testing the concept of progressive
internationalism as applied to Gol climate change policy and practice, is
India’s commitment to funding overseas climate change economic develop-
ment, seeking to collaboratively deliver as part of the International Solar
Alliance (ISA) a 1,000 GW target to be met by 2030 (Mohani, 2017) in solar
energy of installed capacity across 121 nations, in particular developing nation
“solar resource rich countries located between the Tropic of Cancer and the
Tropic of Capricorn” (ISA, undated).

6.6 Indian Climate Change Politics: Conclusions

Regardless of the excellent public relations work of Modi’s government regard-
ing, inter alia, environmental policy (Economist, 2017), the Gol’s widely-
heralded and internationally-welcomed shift on climate change policy, which
is itself hedged by significant small-print caveats, needs to be critically
unpacked and examined with regards to its dynamics and the possible, or even
likely, unfolding of policy implications into actual change in the make-up of
the nation’s primary, power sector, energy supply. These insights, recognising
positive change on climate change policy and implementation, but critical in
its analysis of countervailing factors, is consistent with the conclusion of
Progressive Realism as applied to Indian climate change politics.

This represents a change, over a short time period, from the previously
identified dominant ethos, namely that of ‘Growsh-first Stonewallers , but the
evidence is not (yet) there to conclude that the primacy of Progressive
Internationalism is imminent in a Gol context. That may come later, perhaps
when the accusation of ‘dual politics has fully lost its validity. These categori-
sations only matter to the degree that they shed light on India’s approach to
climate change politics and the reliability and genuineness of any GHG
reduction commitments it makes thereby.

The implication of the doctrine of ‘Growth-first Stonewallers' is for India
simply not to make any binding commitments or concessions since, as per
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that doctrine, why should it? The apparent replacement of that ethos by that
of progressive realism, as the dominant Gol position on GHG and climate
change, implies a nuanced commitment to Indian GHG reduction action.
Such nuances are apparent in the contrasting, on the one hand, high public
ambition of the Gol on climate change politics, its claim to global political
leadership regarding climate change, and the championing of its burgeoning
renewable energy sector; and, on the other, the continuing and planned future
importance/centrality of its coal sector within Indian downstream energy, the
contingent nature of its Paris Agreement commitments on GHG reduction,
and the accusation of ‘dual politics , essentially that of telling foreigners what
they want to hear whilst carrying on in India’s best interests. A complicating
factor to this analysis (another nuance) is that a switch to renewable energy
from coal may, in fact, be to India’s economic advantage; however, the prag-
matism of making virtue out of economic necessity is fully consistent with the
somewhat cynical DNA of progressive realism, a cynicism that considers
international GHG reduction politics and diplomacy not in the highest of
regard, and perhaps more akin to a win/lose game.

Even so, and regardless of exact motivation, a progressive realist approach
to GHG reduction, such as taken by the current Gol and, to a reducing
degree, recent past governments, is consistent with a major push effect on
Indian coal with the effect of its increasing crowding out should a serious
competitor energy source become available. Should Gol policy pass onto the
stage of Progressive Internationalism, this push factor would become yet
stronger, and India’s energy transition would be (even) more) energised rather

than buffeted.

7 Coal Threat: Review of Domestic
and International Push Factors

The combination of domestic (see Sect. 4 above) and international (see Sect.
5 above, the discussion focussed in on India and climate change politics) pro-
vides a combined force, or overall ‘push’, against coal’s continuing dominance
of Indian downstream energy (electricity).

The individual push factors include a Progressive Realist positioning in
international climate change diplomacy, the relatively poor quality of Indian
mines coal in terms of both ash content (high) and calorific value (low), the
ongoing requirement for coal washeries and imports, the experience of (in
particular) the Indonesian imported coal price shock, coal mafia and illegality,
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coal mis-governance (especially as evidenced by Coalgate and SHAKTT), the
logistical challenges facing coal’s transportation, and the fatal impact of air
pollution, in particular as caused by lignite combustion and as felt in India’s
massive and growing cities.

Opverall, these push factors seriously and significantly undermine the pri-
macy of coal in India’s downstream energy mix.

7.1 The Emperor’s New Clothes?

However, the game isn't up yet for coal in India; it is too early to reliably call
the bluff on India’s coal emperor and his new clothes. However, the situation
is dynamic and fast moving, so watch this space. As recently as 2014, it was
observed that “many policymakers and analysts believe that (coal) must remain
the primary source of (Indian) electricity generation for at least the next three to
Sour decades, ... (consistent with) ever-expanding coal power generation” sector
in India (Vasudha Foundation, 2014: 4). Whilst this view is ebbing from its
near-universality, it is not yet visible as a receding object in Indias rear-
view mirror.

Perhaps this is because that, even now in April 2018, that the Indian coal
“emperor” does have new clothes: the Gol’s national strategic planning docu-
ments, current in March 2018, retain a very significant and important role for
coal-fired power, even for many decades into the future. This awkward fact is
illustrated and evidence by the figures contained in both Gol’s: draft, as of
March 2018, National Energy Policy (NEP) (NITI Aayog, 2017b: 34—40);
and its promulgated Three-Year Action Agenda, 2017/8 to 2019/20 (NITI
Aayog, 2017a: 97-103). Echoing the above debate on king coal’s future lon-
gevity of rein in India, the Three-Year Action Agenda states that “the reality of
India’s energy sector is that around three-quarters of our power comes from coal
powered plants and this scenario will not change significantly over the coming
decades” (NITI Aayog, 2017a: 99); the draft NEP likewise states that “coal
based power generation capacity of 125 GW in 2012 is likely to go up to more
than 330—441 GW by 2040” (NITI Aayog, 2017b: 34).

Even so, the draft National Electricity Plan (CEA, 2016) reveals that no
additional coal-based capacity, beyond that already under construction, is
required during the time period 2017-2022, and that the resulting net
increase in installed power capacity “would fulfill the capacity requirement for
the years 2022-2027" (CEA, 2016: 5.34). This is partly due to increased pro-
jected “capacity addition from gas (of) 4,340 MW, hydro (of) 15,330 MW,
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nuclear is 2800 MW and renewables (of) 1,15,326 MW, as committed capacity
during 2017-2022" (CEA, 2016: xxv).

7.2 Paradigm Shift: From King Coal to Sun King?

Gulagi et al. (2017: 48) argue that “for India, a 100% RE-based system is
achievable and the real policy option”, mainly solar, implying an inferiority of
any option falling short of 100% RE supply, on the basis of India achieving
the necessary “storage solutions to balance intermittency. .. (in particular) batter-
ies, which provide as much as 42% of the total electricity demand” (Gulagi et al.,
2017: 37) in this modelling. This RE energy mix would not just be better for
the Indian (and global) environment but would be cheaper too: “resulss indi-
cate that a 100% renewable energy based plants and storage technologies installed
to achieve a fully RE based power system by 2050 considering the base year’
(2015)” (Gulagi et al., 2017: 37). The above would represent a striking para-
digm shift of global significance, both economically and environmentally, in
sum and in sun. However, the bar for achieving a paradigm shift from the
monarchy of King Coal to the ‘Sun King’ is surely set far lower than 100%.
The Indian reality is likely to be more nuanced, drawn out, and incomplete,
than that modeled by Gulagi, Bogdanov and Breyer—which is simply a tru-
ism of models in general.

In draft NEP policy terms, India’s transition to renewable energy and away
from coal is best represented by the ‘Greater Sustainability key policy objec-
tive, and it is driving forward a clean energy transition away from coal in India
that is spearheaded by the low-and-lower prices achieved through competitive
bidding. Downstream energy market penetration now achieved, its rival the
coal sector can and is looking for protection from the other NEP key policy
objectives listed, namely ‘access at affordable prices’, ‘improved energy security’,
and ‘economic growth’ (NITI Aayog, 2017b). Yet, on many of these points so
too can renewable energy: now that renewable energy matches or betters coal
on price, so too its broader adoption can match or better coal as a driver of
economic growth, affordable access, and national self-sufficiency in reliable
(outside of the non-monsoon season) downstream energy supply. In fact,
solar and wind have recorded historic low tariffs through competitive bidding
in May 2017 at Solar Park Bhadla III: 2.44 Indian Rupees (INR) per unit for
solar and INR 2.64 for wind, thereby achieving grid parity (KPMG, 2017: 1).
As a result, India’s adoption of renewable energy is continuing apace, even “an

irreversible trend” (KPMG, 2017: 1).
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As of November 2017, India had achieved installed solar energy capacity of
14.7 GW and installed 2,247 MW of new capacity in the third quarter of that
year alone, such that “solar continues to be the leading new power generation in
India... solar new installed capacity additions accounted for 39 percent of total
power capacity additions at the end of the third quarter” (Mercom India, 2018).
Indeed, solar energy’s development has been so fast that the commentary on
solar energy provided in Indias 2006 Integrated Energy Policy (Planning
Commission, 2006), can now be read as unduly limited in its aspirations for
the sector, or perhaps simply as misplaced and patronising: “it would not be
out of place to mention that solar power could be an important player in India
attaining energy independence in the long run. With a concerted push and a
40-fold increase in their contribution to primary energy, renewables may account
for only 5 to 6% of India’s energy mix by 2031-2032. While this figure appears
small, the distributed nature of renewables can provide many socio-economic ben-
efits” (Shahi, 2007: 169).

However, some of these socio-economic benefits are proving hard for India
to accrue, not least with respect to solar energy manufacturing jobs argument:
in February 2018 it was reported that 88% of India solar modules and gener-
ating equipment is being imported from China, with Indian firms unable to
compete against imports that have allegedly benefited from (unknown levels
of) Chinese government subsidies (Razdan, 2018). Gol attempts at favoring
Indian solar manufacturers through levying a 7.5% import levy from August
2017 were abandoned by May 2018 following a logjam of imports at Indian
ports. This is an outcome that both benefits India’s power sector through
lower costs but also reduces the national benefit, in economic terms, of the
energy transition since the manufacturing jobs supported are overwhelmingly
Chinese, not India. This contentious outcome mirrors discussions regarding
imports of both coal to India and also of imported coal washing technology.

Contentious and/or contested energy sector governance is not limited to
any one energy source in India, but regrettably afflicts solar at least partly in
the same way as apparent in the thermal energy sector in that country too,
and nor is the manufacturing jobs argument notably compelling in respect of
Indian content (manufacturing jobs), at least so far as solar energy is con-
cerned. Moreover, coking coal is still required for metallurgical use, given the
extremely high temperatures required, in particular in the key, and energy
intensive, steel sector of the Indian economy. This is effectively a protected
market for (coking) coal that any other form of power production will find it
very hard to compete with (Razdan, 2018).

Akin to governance malaise cross-contamination, the risk of underbidding
on price by failing to cost in risk that struck India’s thermal power sector, in
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that case by way of Indonesian government policy change, could equally, and
through some other causal chain, impact Indias renewable energy sector
too—possibly with equally damaging results in terms of the credibility of the
sector’s overall regulation and governance. Indeed, there are initial signs of
this already happening, albeit at a far more limited scale than has afflicted
coal: an annual ‘Economic Survey official Gol publication (Ministry of
Finance, 2018: 72, of Volume 2) reflects that low RE tariffs resulting from
auctioning “though a welcome news, possibly contributed to some demands for
renegotiation of the already signed PPAs” with some discoms hinting “az the
possibility of renegotiating the PPAs signed by them at tariffs higher than those in
the recent bids” at a possible “risk for investments worth 480 billion INR’.

While the Gol subsequently notified that any such cancellation by either
the state or the developer will attract a minimum of 50% penalty of the tariff
(Reuters, 2017), an issue linked to the ‘spectre’ of downstream energy over-
capacity as Indian RE fights for electricity market share against its, coal,
incumbent: “recent cases of reneging of PPAs have further added to the spectre,
needing system-wide resolution to the stressed asset problem” (KPMG, 2017: 1).
As a result, one state, “Andhra Pradesh, which accounts for the highest number
of solar projects in the country, is not (now) looking to sign new PPAs in the near
term’”, due to over-capacity (Reuters, 2017).

Such over-capacity of supply of energy, as a whole, is symptom of the suc-
cess of renewable energy generation in particular, leading to “stress in the
(energy) sector—thermal to a large extent, and renewable seeing some signs”
(KPMG, 2017: 1), as noted above. As indicated by the KPMG (2017), the
resulting pain is being felt unequally between thermal and RE Indian energy
producers; that is India’s new downstream energy monarch and the old.

Opverall, these travails can be seen to have a dampening impact on India’s
RE sector and energy transition, even as many of the same factors negatively
impact its thermal sector too, and to an even greater extent. Whilst a rising
tide may float all ships, rising levels of indebtedness may result in them being
tied up at harbour, whether they are powered through renewable energy (e.g.
wind) or fossil fuels alike. Writing in 2018, the authors of (Frankfurt School—
UNEP Collaborating Centre for Climate & Sustainable Energy Finance,
2018: 22), observe Indian renewable energy “investment oscillating in the
86-14 billion range since 2010—still not reaching the sort of levels that would be
required for that country to meet Prime Minister Narendra Modis ambitious
goals for 2022 A report of the same year (International Energy Association
(IEA), 2018), India’s 2017 increase of 6% in renewable energy generation
(page 10) is observed to fall only marginally short of its 7% GDP growth rate
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for that year, but substantially short of the increased level of Indian electricity
demand in 2017, reported at “over 12% (or 180 TWh)” (IEA, 2018: 12).

Moreover, whilst Indian targets for greatly increased levels of renewable
energy installed capacity may (or many not) be achievable, there is a differ-
ence between capacity and utilisation, and that continues to favour coal over-
whelmingly: comprising only 58% of installed capacity, as reported in
February 2018, coal-fired power accounts for 76% of actual power (electric-
ity) generation (Shahi, 2018). Hence, “a large selection of informed people have
started also cautioning: that we all love renewables, but are we all OK in the
targets that we have fixed for ourselves (in India)? ... Not from the point of view
whether it is achievable, but from the point of view of whether (we) will be able
to manage technically, commercially, financially all the things put together” that
are required to make implementing policies born of “overwhelming support for
renewables and overwhelming criticism of coal’, a success in terms of not just
installed capacity, but power generation (Shahi, 2018). Shahi, answers his
only question by predicting no major shift in the proportional constituents of
India’s energy mix, in terms of actual power generation rather than installed
capacity, over a time period of fifteen to twenty years (Shahi, 2018).

That indeed, would be the prelude to a very ‘long goodbye’ to Indian coal
burning, assuming indeed that an energy transition to renewables happened
even thereafter. Whilst it is not necessary to agree with this, very conservative,
prognosis, this contrarian view, expressed very recently (to this chapter’s pub-
lication) in 2018, demands recognition toos if it is to be rejected, then that
rejection should be evidence-based and not due to its unwelcome (to many
readers) conclusion, i.e. as a matter of wishful thinking.

8 Conclusions

It is in the nature of paradigm shifts that they are hard to predict the outcome
of, even in periods when they are occurring (Kuhn, 1996: 83), and it is entirely
possible—e.g. as a result of a high impact and highly visible instance of an
inconvertibly climate change related extreme weather event occurring in or
near India—that the paradigm shift effected could not be from coal to non-
coal primary sources of energy generation.

It is possible that India’s energy transition, from fossil fuels to cleaner forms
of energy such as renewables, is developing at such a pace that coal will be
eclipsed as a primary energy source in India far faster than expected, but the
prudential principle forbids too hasty a jump to such a conclusion.
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What is surely clear even now, however, is that such a paradigm shift is
occurring, and that fundamental change is occurring within that sector,
change unleashed by a potent mix of different factors and forces; only time
will tell how long the resulting goodbye to fossils will be. This, indeed, is the
conclusion of Sivaram and Busby (2018), who still predicts a large-scale and
significant Indian energy transition towards more (specifically) solar power—
it is the timescales of that energy transition that the Review revises to 2022
from the target date of 2020, not whether or not those targets will be met.

Hence, we argue above that the pace of India’s energy transition away from,
or ‘long goodbye’ from, coal (in particular) and towards other forms of energy,
especially renewables, is a matter of public policy alongside good economics
and the (mis)management and governance of the power sector, and of the
sourcing of the natural resources necessary to supply that sector—in par-
ticular coal.

Gol policy changes outlined above were and are happening in tandem
within the context of radically changing energy economics, driven in part by
private sector competition and in part by technological change and related
cost curves. The economics is in part driven by technological change, and the
follow-through impact on Indian climate change policy of the above in sum
is openly stated in India, e.g. Anil Razdan, Former Secretary of Power, Gol,
whilst reviewing current Indian energy policy and contrasting it to that prior
to 2015, stated simply that ‘technological development will shift the debate’ once
more (Razdan, 2018), the implication being of a clear direction of travel
towards cleaner energy that is driven by technological innovation and, thereby
transformed economics.

If true, and thus far the evidence supports such optimism, the net result of
all of the above changes would be to empower an insurgent competitor to coal
in India’s energy markets, namely renewable energy, and to undermine coal’s
ongoing hegemony. The observable fact of an energy transition from coal
towards renewables is undeniable, however to what degree this highly dynamic
and transition occurs and how fast it does so, remains to be seen. As Jeff
Bezos, CEO of Amazon, once advised: “if you want to build a successful, sus-
tainable business, don’t ask yourself what could change in the next ten years that
could affect your company. Instead, ask yourself what won’t change, and then put
all your energy and effort into those things.” (D’Onfro, 2015). ‘What won’t
change is surely the advent of RE and an, ongoing, ‘long goodbye’ to coal
fired power generation, even in India.
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Transitioning to a Low Carbon Economy: Is
Africa Ready to Bid Farewell to Fossil
Fuels?

Victoria R. Nalule

1 Introduction

The need for a global transition to a low carbon economy has gained a lot of
attention in recent years following the adoption of the Paris Agreement in
2015 whose main aim is to reduce greenhouse gas (GHG) emissions, thus
necessitating a shift from fossil fuels to renewable energy sources. Although
many developed countries especially in Europe are able to more easily shift to
renewables, the question that arises is, are developing countries such as those
in Africa ready for this shift? The strong correlation between economic devel-
opment and energy consumption also raises the question as to how African
countries can address energy poverty and access challenges while at the same
time protecting the environment? Given the energy challenges and low rates
of economic development in most Sub-Saharan African (SSA) countries, this
chapter poses the following question: are these countries ready to say goodbye
to fossil fuels? Meeting developmental goals in these countries and addressing
energy challenges will indeed require massive investments in the energy sec-
tor, especially if the focus is on clean energy sources such as renewables.
Generally, SSA have vast energy resources, including both conventional
and unconventional resources, most of which are untapped. The region, for
instance has a natural gas potential of approximately 503.3 Trillion Cubic
Feet (Tcf) (B, 2017). However, low electrification rates coupled with heavy
reliance on inefficient energy sources such as traditional biomass are rampant.
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Fluctuating fossil fuel prices coupled with their negative impact on the
environment, has led to massive investments and an increase in the develop-
ment of alternative clean energy sources (Nalule, 2018). Renewable Energy
Sources (RES) are now widely recognised as not only being pivotal to solving
SSAs energy access challenges, but also those concerning climate change (Avila
etal., 2017). Taking into consideration that SSA has massive energy resources
such as coal and other fossil fuels, and given the region’s energy access chal-
lenges, the fundamental question that arises in this chapter is whether these
resources could be utilised in a sustainable manner to address the challenge of
energy access? Is a transition to low carbon economy in SSA a myth and if so,
what practical steps need to be considered?

In addressing the questions raised above, a four-step framework is employed.
Section 2 of this chapter discusses the definition and evolution of energy tran-
sition and addresses the developments in Africa with respect to a transition to
a low carbon economy; Sect. 3 discusses African efforts in decarbonisation,
including the deployment of renewables, energy efliciency and electric vehi-
cles (EVs); Sect. 4 examines climate change in the context of Africa and Sect.
5 sets out the concluding remarks. Although this chapter looks at Africa in
general, emphasis is placed on SSA.

2 Energy Transition: African Perspective
2.1 Understanding Energy Transition

The main global topic in the energy sector right now is ‘a transition to a low
carbon economy’. However, this has proved difficult not only in Africa but
also Europe and other parts of the globe although the European Union is
rightly recognised as leading efforts to address climate change through the
development of low carbon legal and policy frameworks (Wood, 2018); how-
ever, as discussed below, European countries do not always act so ‘green’ in
Africa and abroad. Before we even dwell on the meaning of energy transition,
we cannot ignore the recent protests in France by the ‘gilets jaunes’, who have
complained about the sharp increase in diesel taxes—taxes motivated by envi-
ronmental and climate concerns. France has been a great supporter of the
climate change conference having even hosted the 2015 Conference on
Climate Change in Paris. However, the protests that started in November
2018 are a reflection of how hard it is to smoothly transition to a low car-
bon economy.
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Energy is central to the economic development of a country, it is used in
everyday life for lighting, heating, cooking and transport, to mention but a
few (Nalule, 2018). A transition in the energy sector therefore is capable of
having a significant impact on the ways of life of different people both socially
and economically. This has proved true in France and, in this regard, while
suspending the fuel tax increase, the French Prime Minister Edouard Philippe,
in a statement noted that he understood the protestors’ anger, “...it is the
anger of the French who work and work hard, but still have difficulty making ends
meet, who find their backs against the wall. They have a sense of profound injus-
tice at not being able to live a dignified life when they are working” (Willsher,
2018). This statement clarifies the realities of not only poorer people in Europe
but also those in African countries, and this in turn makes it clear that coun-
tries cannot simply say goodbye to fossil fuels without finding cheaper alter-
natives. It is one thing to have ambitious policies on paper and it is another
thing to put these in practice and make them acceptable to struggling
populations.

2.2 Definition of Energy Transition

Understanding energy transition necessitates understanding the term transi-
tion. In simple terms, transition means the process or a period of changing
from one state or condition to another (Oxford Dictionary, 2019). With
respect to energy transition, there is no agreed definition. Some scholars have
defined it as the change in the composition (structure) of primary energy sup-
ply, the gradual shift from a specific pattern of energy provision to a new state
of an energy system (Smil, 2010). Basically, energy transition involves the
long-term structural change to energy systems. We note here the influence of
international institutions in the formulation of the energy transition defini-
tion and focus. This influence is mainly driven by these institutions” long-
term strategy and objectives. Taking the example of the International
Renewable Energy Agency (IRENA), it focuses its definition on a transition
to renewables. In this regard, IRENA defines energy transition as a pathway
toward transformation of the global energy sector from fossil-based to zero-
carbon by the second half of this century. According to IRENA, the focus of
this transition is to tackle climate change by reducing energy-related CO,
emissions and thereby increasing renewable energy and energy efficiency mea-
sures while at the same time reducing the consumption of fossil fuels IRENA,
2018). In brief, this definition suggests a transition to a low carbon economy,
a topic which has attracted massive literature (Niamir et al., 2018).
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The above definition notwithstanding, discussions about energy transition
should take into consideration the availability of energy resources, the afford-
ability of these resources, the reliability, efficiency, sustainability and the costs
of obtaining energy carriers. But we note that all the above elements cannot
be fulfilled at once. There are instances where the resources are available and
affordable, but not sustainable or in the case of fossil fuels not environmen-
tally friendly. This therefore highlights the progressive character of energy
transition, implying that it has to happen gradually and in different stages.
Europe is a good example of the progressive character of energy transition, for
instance, initially, in the nineteenth century, the focus for European countries
was to shift from wood and water power to coal; in the twentieth century the
focus was to shift from coal to oil; in the twenty first century the focus is to
shift from fossil fuels to renewable energy. As will be discussed in the next sec-
tion, the situation for countries in SSA is different, as most of these countries’
focus is to shift from wood to electricity grids (even if these are powered by
high-carbon intensity energy resources such as coal). Geography is key in
understanding energy transition, for instance, in the post-Communist states
of Eastern and Central Europe (ECE) energy developments have focused on
the geographical position of these countries between exporting states of the
former Soviet Union, on the one hand, and the energy-importing states of
Western and Southern Europe, on the other; thus, energy transition has in the
past focused on introducing competition in the energy sector through liberal-
ization (Bouzarovski, 2009). It is also noted that post-socialist reforms of
energy industries in this region provide unique insights into the complex rela-
tions of power, economic transformation and spatial inequality that govern
energy production and consumption (Bouzarovski, 2009).

Taking stock of the above, we note that in developed countries such as
those in Europe, one of the recognised and celebrated transitions was a his-
toric shift from biomass to fossil fuels. But before we accept a particular global
definition of energy transition (current focus being a shift from fossil fuels to
renewables), we need to recognise that developing and developed countries
face different energy challenges, and as such the definition should apply dif-
ferently in these countries. Of course, there is literature that analyses the his-
torical shift and evolution of energy usage. In the distant past, we notice that
traditional families in Europe relied on the burning of biomass to meet their
energy needs. The nineteenth century was characterised by industrialisation
necessitating the transition from wood and water power to coal in the nine-
teenth century, or from coal to oil in the twentieth (Bouzarovski, 2009).
Historically, developed countries such as the UK were heavily reliant on coal
to the extent that when faced with a ‘coal panic’ in the late nineteenth century,
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extreme solutions were suggested including: the urging of military strategists
to seize control of coal reserves in foreign lands; and the urging of companies
to drive their workers harder to increase the domestic production of coal
(Podobnik, 2006). These suggested solutions were however rejected not only
by unions inside Britain but also other colonial powers (Podobnik, 20006).
Technological innovation and the development of new fuels has in recent
years led the UK to focus on a transition from fossil fuels to low carbon energy
resources.' These developments in the energy sector therefore reveal the pro-
gressive nature of energy transition and as such developing countries and
developed countries are at different stages of this transition.

2.3 Energy Transition from an African Perspective

As discussed in the previous section, developing and developed countries face
different energy challenges. For instance, whereas in developed countries the
use of biomass such as charcoal and firewood is predominantly historical and
a topic of the nineteenth century, developing countries such as those in SSA,
in contrast, on the other hand are still struggling with a reliance on traditional
energy (Nalule, 2018). Understanding the difference between modern energy
and traditional energy is also key in understanding energy transition from an
African perspective. Modern energy can be distinguished from traditional
energy by looking at the quality of energy used, for instance with regard to
traditional energy candles, kerosene, and lamps are used for lighting; and fire-
wood for cooking (Nalule, 2018). On the other hand, with regard to modern
energy, electricity, natural gas, and liquefied natural gas (LNG) are used for
lighting and cooking, respectively (Nalule, 2018). The focus for SSA coun-
tries is access to electricity. We note that electricity in its natural form tends to
appear as lighting and static, the technological advancement have enabled
primary sources of energy such as coal, nuclear power, running water and of
late renewable energy sources to provide this electricity. In this respect, for a
country with more than 80% of the population lacking electricity, the focus
will not entirely be on the kind of primary energy used to provide this elec-
tricity, but rather on ensuring that people shift from wood and biomass usage.

'Low carbon energy sources are typically defined as including renewable energy sources and nuclear
power; carbon capture and storage technologies are also typically included in this category. Others also
argue that natural gas should be viewed as a ‘transition’ fuel in switching from other fossil fuels like coal
as gas is estimated to produce approximately 50% of the GHG emissions of coal (for a more detailed
discussion of renewable and low carbon energy technologies and fuel sources and concerns over defini-
tions, see Wood (2018)).
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Energy transition is therefore influenced by various factors including: geog-
raphy; social and economic situation; political climate; availability of energy
resources; the country’s energy strategy (in the UK for instance the national
strategy focuses on a transition to a low carbon economy). Literature has
flourished with respect to the latter and as such many energy scholars have
focused on a transition to a low carbon economy (Bulkeley et al., 2010; Silver
and Marvin, 2018). Discussions on the influence of geography to a low car-
bon economy are also worth highlighting given the fact that geographical and
economic situations have a significant influence on energy transition. These
discussions by scholars have also enabled the introduction of various concepts
that are believed to have an influence on energy transition including: location,
landscape, territoriality, spatial differentiation, scaling, and spatial embedded-
ness. Bridge et al. (2013) note that more attention to the spaces and places
that transition to a low-carbon economy will produce can help better under-
stand what living in a low-carbon economy will be like (Bridge et al., 2013).

Additionally, recognising the differences in societies, literature has flour-
ished discussing terms such as energy justice, climate justice and just transi-
tion. Climate justice takes into account the need to share the benefits and
burdens of climate change from a human rights perspective; energy justice
refers to the application of human rights across the energy life-cycle (Jenkins
etal., 2016; Sovacool and Dworkin, 2015); and environmental justice aims to
treat all citizens equally and to involve them in the development, implementa-
tion and enforcement of environmental laws, regulations and policies (Heffron
and McCauley, 2018). A concept that is of relevance to this chapter is that of
a just transition which aims to capture the just process when societies move
towards an economy free of CO, emission (see Chaps. 19, 20 and 21 for fur-
ther discussion of energy justice and just transitions). It has been noted that
justice is an important element to the transition, because often the rhetoric of
governments, companies, institutions and researchers simply discuss ‘a transi-
tion to low carbon economy’ with no concomitant mention of ‘just’ (Heffron
and McCauley, 2018). Scholars have also expressed the need to have a united
justice, i.e. a concept that aims to unify all the other concepts of justice includ-
ing climate, energy and environment (Heffron and McCauley, 2018).

Drawing from the discussion above, it is worth exploring what a just transi-
tion means to developing countries such as those in SSA. The Oxford
Dictionary defines ‘just’ to mean behaving according to what is morally right
and fair (Oxford Dictionary, 2019.). At this juncture, it is worthwhile to
explore the energy access challenges in developing countries. Globally, it is
estimated that approximately 1.2 billion people have no access to modern
energy such as electricity and nearly 3 billion people rely on traditional
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biomass (such as wood and charcoal) for cooking and heating. (United
Nations Foundation, 2019). This number is high in SSA with over 290 mil-
lion people having no access to modern energy such as electricity (International
Energy Agency (IEA), 2014: 13). This is despite the region’s richness in energy
resources with an estimated 65 billion barrels of proven oil reserves, equiva-
lent to around 5% of the world total (IEA, 2014: 14). According to the
African Development Bank (AfDB). Africa’s power connectivity stands at
39 MW per million inhabitants, the lowest for any developing region. Besides
having the lowest level of connectivity in the region, recurrent outages and
load shedding are also a major challenge (African Development Bank Group
(AfDB, 2019). The AFDB also estimates that more than 30 African countries
experience recurrent outages, with opportunity costs amounting to as much
as 2% of the total annual value of the economy (AfDB, 2019). Taking stock
of the discussion above, a question arises: is it morally right and fair to have
over 200 million people lacking access to electricity? The answer to this ques-
tion is definitely in the negative.

In this respect, it is essential to seriously take into consideration the influ-
ence of geography and economic situation of countries before making a tran-
sition to a low carbon economy a global goal. The ability of a society to shift
from one form of energy to another is basically influenced by that society’s
economic prosperity, geographical structure and international relations
(Bridge et al., 2013). In an African perspective, with regard to energy transi-
tion, we have to note that a majority of the people especially in rural areas live
below the poverty line and heavily rely on firewood and charcoal to meet their
energy needs (Nalule, 2018). As such these people cannot easily shift from
traditional biomass to electricity (renewable based) or LNG unless if these
sources of energy are made more affordable for them. Of course, the situation
is different for urban Africa, where people basically rely on modern energy
including electricity and LNG: additionally, energy is essential for the boom-
ing urbanisation taking place in different African countries (Silver and Marvin,
2018). In this respect, the energy access challenges in various developing
countries have to be put into consideration before we can globally agree to say
goodbye to fossil fuels and other traditional energy sources. This said, a just
transition in SSA should focus on utilising all energy sources to not only
address energy access challenges but also to ensure the economic development
of these countries. Of course, environmental protection should be at the cen-
tre of this transition, and in this regard clean technology should be employed
to utilise fossil fuels. Also, it is important to note that energy transition is a
progressive process and it differs depending on the country and region con-
cerned. It is true there are some countries in SSA that can perhaps more easily
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transition to a low carbon economy; also, people in urban areas can transition
to a low carbon economy more easily than those in rural areas. All these need
to be considered when discussing a transition to a low carbon economy
in Africa.

3 African Efforts in Decarbonisation

Decarbonisation in simple terms refers to the reduction or removal of carbon
dioxide from energy sources. This has been a major goal for many countries
aiming to decarbonise the power sector by among others increasing the share
of low carbon energy such as renewables; additionally, the reduction of GHG
emissions from fossil fuel use via carbon capture and storage technologies and
switching from coal to gas has also been identified as forms of decarbonisa-
tion, although not without controversy. Although there are various issues to
be addressed with regard to decarbonisation. In this section, the focus is on
the renewable energy sources in the African energy sector. Before discussing
renewables, a brief overview of reliance on fossil fuels will be discussed together
with climate change challenges.

3.1  Fossil Fuels Deployment in SSA

As mentioned in the previous section, there are various energy challenges in
SSA including lack of access to electricity and heavy reliance on biomass fuel.
In the Southern African countries, it has been observed that besides the
Democratic Republic of Congo (DRC) and Mozambique, most countries in
the Southern African Development Community (SADC) region have a sup-
ply deficit. According to the SADC Energy Monitor, as of November 2015,
the Southern Africa Power Pool (SAPP) installed generation capacity stood at
61,859 MW, although available generation was only 46,910 MW (SADC,
2016: 33).

SAPP heavily relies on coal for electricity generation and this accounts for
over 62% of the total generation capacity, followed by renewables including
hydro at 21%, wind at 43%, solar PV at 2.9%, and distillate at 4.4%.
Although traditional biomass in the form of firewood is relied on by most
people in rural areas, we note that in terms of electricity generation, this has
minimal capacity and as such biomass generally stands at 0.07% of the SAPP
installed generation capacity (SADC, 2016: 33).
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3.1.1 Coal

Coal is a major source of energy not only in Africa but also other regions
including Asia, Europe, and America. It provides approximately 41% of the
world’s electricity needs, and global coal supply is predicted to increase at an
average rate of 0.6% through 2020 (IEA, 2019). However, there are concerns
that developed and developing countries should reduce their coal dependence
for energy production and instead look to other cleaner technologies such as
renewables (Nalule, 2018).

Before we explore coal dependence in SSA countries, it is worth noting
that reliance on fossil fuels is not only a problem in SSA but also other parts
of the globe including the EU in countries such as Poland (Leal-Arcas et al.,
2019). Despite hosting the 2018 COP24 which aims at reducing GHG
emissions by reducing dependence on fossil fuels, Poland is heavily reliant
on coal (Euractiv, 2018). The country is indeed endowed with massive coal
resources. According to the World Energy Council, global proven hard coal
resources are estimated at 665 billion tonnes and Poland accounts for 8.3%
of these (676 billion tonnes). As of 2016, total proven hard coal resources in
Poland amounted to 58,579 million tonnes and economic reserves were
2,982.72. In 2017, out of the 81 million tonnes of hard coal produced in
Europe, 65.5 million tonnes were produced from Poland. With respect to
energy mix, in 2015, Poland’s total primary energy supply was dominated by
coal (50.8%), oil (24.5%), gas (14.6%), wind (1.0%) and hydro (0.2%).
The coal resources in Poland are worth exploring given the country’s history
of opposing EU carbon reduction goals. For instance, in June 2011, Poland
was the only EU member state to oppose a more ambitious 25% 2020 emis-
sions reduction target. The country also opposed the EU energy talks when
it refused to back a plan that would reduce the surplus of Kyoto car-
bon permits.

The above situation therefore highlights the fact that transitioning to low
carbon economy is not only hard to achieve in SSA but also other parts of the
globe. Back to SSA, taking the example of Southern Africa, coal is the most
dominant source of electricity in the SADC region, contributing to over 60%,
followed by hydro, which contributes 21% of electricity generation capacity.
This heavy reliance on coal in SAPP can be attributed to the fact that South
Africa dominates the power generation as it accounts for 76% of the overall
generation capacity. Moreover, as of March 2015, at least 86% of South
Africa’s total generation capacity of 44,170 MW came from coal fired plants,

while 82% of Botswana’s electricity was produced from coal, and 63% for
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Zimbabwe. High reliance on coal for electricity in South Africa is the main
reason for the high GHG emissions.

It has been argued that hydroelectricity could play a big role in reducing
South Africa’s GHG emissions, especially given the large hydro schemes in the
Congo and Mozambique, which could provide an alternative electricity
source for South Africa (Mukheibir, 2017). Besides the option of hydroelec-
tricity to replace coal, other lower GHG emission electricity generation
options such as imported natural gas feeding into combined-cycle gas tur-
bines (CCGTs) and the pebble bed modular reactor have also been suggested
for South Africa especially due to their low GHG emissions (Mukheibir,
2017). Although coal is a main source for South Africa, Botswana, and
Zimbabwe, other SADC countries such as DRC, Lesotho, Malawi, and
Zambia solely rely on hydropower as a source of electricity generation. Recent
criticism over the use of coal has encouraged investments in other energy
sources including oil, gas, and renewables, in the generation of electricity.
There are also plans for more modern technologies such as supercritical, flui-
dised bed combustion, and integrated gasification combined-cycle plants,
although these still incentivise the use of fossil fuels and have associated prob-
lems for addressing climate change.

3.1.2 Oil

Africa is home to massive oil resources. Generally, oil is considered the most
important source of energy as it is used in automobiles, planes, trains, and
ships among many other uses. In terms of access to energy, electricity is also
generated from distillate power plants which basically generate electricity
using diesel fuel in countries such as Mozambique, Namibia, and Tanzania
and it accounts for close to 5% of the total electricity generation. In this
regard, oil resources can contribute in addressing the challenge of energy pov-

erty in Africa (Nalule, 2018).

3.1.3 Fossil Fuels and Low Carbon Transitions in Africa

Indeed, over 80% of Africa’s electricity is generated from fossil fuels (Mekonnen
et al., 2018).

Additionally, global demand for fossil fuels is expected to grow by around
a third by 2040 (BD, 2018). This increase is mainly driven by increasing pros-
perity in fast-growing emerging economies such as China and India.
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Additionally, the increase is also supported by population growth, estimated
to increase by around 1.7 billion to reach nearly 9.2 billion people in 2040
(BP, 2018). Moreover, the global boom in urbanisation is projected to increase,
as almost 2 billion more people are likely to live in urban centres by 2040 and
Africa is projected to contribute one-third of this increasing urbanisation:
Productivity levels are also expected to increase, and it is estimated that 2.5
billion people will be lifted from low incomes (BP, 2018). All these global
developments imply that Africa will require massive energy resources, espe-
cially fossil fuels, to not only cope with the population growth but also with
booming urbanisation. Moreover, industrialisation is escalating in most
African countries necessitating further demand, again most likely from fossil
fuels. Currently, the industrial sector (including the non-combusted use of
fuels) consumes around half of all global energy and feedstock fuels, residen-
tial and commercial buildings account for 29%, transport 20%, and other
sectors account for the remainder (BP, 2018). In the BP Evolving Transition
scenario, the industrial sector is expected to account for around half of the
increase in energy consumption (BP, 2018).

The simple truth, then, is that Africa will require more energy to meet the
anticipated growth in urbanisation, population growth and industrialisation.
It is naive to think somehow that the continent will by-pass using fossil fuels
in this context, particularly with respect to domestic sources of oil, gas and
coal. This does not, however, mean that “The Long Goodbye’ to fossil fuel use
in Africa will necessarily be that long. Despite the potential of fossil fuels to
tackle the challenge of energy access in SSA and to ensure economic develop-
ment, there are various limitations to the development of this sector including
lack of exploration to increase the size of proven reserves; lack of human skills
and resources; and lack of essential infrastructure such as pipelines, storage,
and refining facilities (Nalule, 2018). With respect to energy infrastructure, it
is notable that there are limited petroleum refineries on the African continent
leading to Africans being unable to fully benefit from their massive oil
resources. The continent, despite its massive oil and gas resources, remains a
net importer of petroleum products, thus necessitating the need to invest in
more oil refineries. For instance, the African continent has around 46 refiner-
ies, far less in number compared to the US with its 137 operating refineries as
of January 2015 (Nalule, 2018). Investment in petroleum refineries which
have been embraced by the US and other developed countries have indeed
contributed to their export capacity in refined products. For instance, in
2013, the United States produced 18.9 million barrels per day of refined
petroleum products, more than any other country.
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Consumption of fossil fuels is also significantly lower in Africa relative to
other regions, and reserves are not huge (Ritchie and Roser, 2019), although
an important caveat is that individual country consumption and reserves dif-
fers markedly. Importantly, between 1990-2005, Africa was responsible for
just 2.5% of global cumulative CO, emissions from fossil fuels (Mekonnen
et al.,, 2018). There are also international initiatives, notably the United
Nations Framework Convention on Climate Change (UNFCCC), notably
the Paris Agreement, which aims, amongst other goals, to limit anthropogenic
global warming to 1.5°C and “reaffirms the obligations of developed countries
to support the efforts of developing country Parties to build clean, climate-
resilient futures” (UNFCCC, 2019) through finance, technology and
capacity-building support.?

Although subsequent sections of this chapter will focus on the role of
renewable energy in Africa, it is also worth pointing out other problems with
the reducing fossil fuel use in Africa. 60% of international public finance in
African energy goes to fossil fuels. In stark contrast, just 18% goes to cleaner
alternatives. This leads to concerns that other, typically wealthy countries
might be offshoring GHG emissions (Russell, 2018). Indeed, between 2014
and 2016, the “single biggest public investor in African energy was China. Hailed
as a world leader on renewable energy development, 85 % of its investments [US$5
billion a year] in African energy went into coal, 0il and gas” (Russell, 2018).
Germany, another world leading driver of renewables, was the third largest
provider of public finance in fossil fuels. One reason underlying this trend in
promoting fossil fuel use include countries embarking on the low carbon
energy transition attempting to secure energy supplies. Whatever the reasons,
this increases the risk of locking in fossil fuel dependence and aggravating
attempts to deploy renewables in Africa. It also leads to the increasing risk of
fossil-fuel related fiscal burdens, especially in SSA given future population
growth coupled with economic growth (Worrall et al., 2018). Critically, with-
out alternatives to fossil fuels, there is a need for African countries to continue
to develop and industrialise and tackle energy access issues (Nalule, 2018).

4 Climate Change Challenges in Africa

In the previous section we explored the reliance of fossil fuels in the SSA
energy mix. Fossil fuels have been firmly attributed to causing GHG emis-
sions and as such efforts to tackle climate change are, among other initiatives,
focused on reducing the reliance of fossil fuels.

?Art. 9, 10 and 11 of the Paris Agreement.
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There have been various global efforts to tackle climate change. For instance,
recently, the 24th Conference of the Parties to the United Nations Framework
Convention on Climate Change (COP24) was held in Katowice, Poland
from the 2nd-14th December 2018. COP24 involved the most important
climate talks and negotiations since the COP21 Paris Agreement reached in
2015. It was at COP21 that world leaders agreed to ensure that global warm-
ing stayed below 2 degrees Celsius above pre-industrial levels. Commitments
were also made at COP21 to increase financing for climate action and the
development of ‘national climate plans’ by 2020. In the same spirit, COP24
focused on discussions of how to put the 2015 Paris Agreement into practice
including how governments will measure, report on and verify their emis-
sions. There are indeed various national, regional and global efforts to address
climate change. The global energy challenge in the twenty first century is to
bring about a new transition, towards a more sustainable energy system char-
acterised by universal access to energy services, and security and reliability of
supply from efficient, low-carbon sources (Bridge et al., 2013). Shifting to a
low carbon economy requires taking into consideration the energy challenges
faced by various societies. This also should focus on the social, political and
economic situation in those regions.

In this section the effects of climate change in SSA will be discussed. On
the one hand, according to the Oxford Dictionary, “climate change is a change
in global or regional climate patterns, in particular a change apparent from the
mid to late 20th century onwards and attributed largely to the increased levels of
atmospheric carbon dioxide produced by the use of fossil fuels” (Oxtord Dictionary,
2019). The Intergovernmental Panel on Climate Change (IPCC), on the
other hand defines climate change as the state of climate that can be identified
by changes in the mean and/or the variability by its properties and that per-
sists for an extended period, typically decades or longer (IPCC, 2007). These
changes affect the general environment and this in turn not only affects
humans but also other species and the biosphere.

The world has experienced events which have been connected to climate
change including more frequent wildfires, longer periods of drought and an
increase in the number, duration and intensity of tropical storms. It has been
noted that Africa is the most vulnerable continent to climate change impacts
(Adenle et al., 2017), as it is expected to severely disrupt water and food sys-
tems, public health and agricultural livelihoods, not to mention causing
enhanced droughts, sea level rise, and changes in the incidence and prevalence
of vector-borne disease (Adenle et al., 2017). These projected changes are
expected to exacerbate already high levels of food and water insecurity, pov-
erty and poor health and undermine economic development (Adenle et al.,
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2017). In addition, it has been observed that climate change impacts to the
agricultural sector are likely to drive rapid urbanisation in Africa. It has been
argued that changes in the climate push people from rural areas to urban
areas, and as such urbanisation is seen as an ‘escape’ from the deteriorating
agricultural productivity caused by climate change (Nalule, 2018).

In the Southern African region, for instance, the effects of climate change
in the form of frequency of extreme weather events such as droughts and
floods are not only evident in sectors such as agriculture and fishery but also
present in the energy sector: for instance, countries that rely heavily on large
hydropower schemes have indeed been affected with the climate change
impacts such as droughts. A case in point is the SADC country of Zambia,
which was left facing a 560-megawatt power deficit due to reduced water
levels at the Kariba lake reservoir. Indeed, research on the effects of climate
change on the Zambezi River Basin points to the fact that an increasingly dry
climate will typically reduce hydropower generation for both new and existing
plants; as such it has been found necessary to not only seek other alternative
energy sources but also to integrate both climate change and upstream devel-
opment demands into the feasibility studies before investment decisions are
made (Nalule, 2018). The negative impact of climate change have therefore
made it crucial for the region to ensure the deployment of climate resilient
energy assets (Stiles and Murove, 2015: 9). A case in point is the El Nifo cli-
mate event in Southern Africa which left approximately 21.3 million people
in the region requiring emergence assistance due to the drought it has caused
since 2015 (United States Agency for International Development (USAID),
2017a). El Nino has deteriorated various sectors such as agriculture, food
security, livestock, nutrition and water, sanitation and hygiene conditions in
countries such as Lesotho, Madagascar, Malawi, Mozambique, Swaziland,
Zambia and Zimbabwe (USAID, 2017a). Basically, El Nifo is a naturally
occurring phenomenon that involves fluctuations of sea surface temperatures
and winds across the equatorial Pacific Ocean. Historically, it raises chances of
receiving below average rainfall during the main crop growing season in
Southern Africa. Besides Southern Africa, the impacts of climate change have
also been evident in East African countries such as Kenya, South Sudan, and
Uganda, which have been hit with major drought leading to famine in various
parts of these countries (Nalule, 2018). Reflecting on the discussion above, it
goes without saying that Africa will experience diverse and severe impacts of
climate change, making adaptation essential in these countries. Adaptation
refers to the efforts across scales to build resilience and reduce vulnerability to
the impacts of climate change (Europa, 2019). However, this faces many vary-
ing constraints in different African countries including among others insuffi-
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cient climate data; limited engagement of adaptation responses to national
planning processes and local expertise; failure to make adaptation responses
broad so as to not only cover climate change but also climate variability and
broader developmental issues; and insufficient adaptation finances.
Additionally, there are other challenges facing adaptation in Africa including
technical, political, institutional, economic, and social dimensions. For
instance, with regard to the technical challenges, it is hard to develop better
projections of climate change in African countries (although this is important
for adaptation) and this is due to a lack of historical information on weather
and climate (Nalule, 2018).

5 Decarbonisation Through the Deployment
of Renewables

The development of renewable energy sources is not only essential to tackle
energy access challenges in SSA but also recognised as being essential in the
decarbonisation of the power sector. Moreover, the need to reduce carbon
emissions has not only emphasised the role of renewable energy and the
deployment of clean technologies, but it has also triggered scholars to con-
sider other mechanisms such as improved electricity storage as ways of curb-
ing emissions, albeit this depends on the competitiveness of renewable energy
against conventional electricity generation.’

Typically, by definition, renewable energies are energy sources that are con-
tinually replenished by nature and derived directly from the sun (such as ther-
mal, photo-chemical and photo-electric), indirectly from the sun (such as
wind, hydropower and photosynthetic energy stored in biomass) or from
other natural movements and mechanisms of the environment (such as geo-
thermal and tidal energy) (Ellabban et al., 2014).

There are various advantages of renewable energy sources, for instance,
hydro resources have considerable potential to be utilised for power genera-
tion. On the other hand, solar and wind energy resources are considered to be
excellent for applications such as water pumping, water heating and power
generation through centralised schemes, mini-grids and stand-alone systems
(Ershad, 2017). Notwithstanding the advantages associated with renewable
energy sources, there are some shortcomings relating to the reliance of renew-
ables to expand supply of electricity, which are prone to impacts of climate

*For a detailed discussion on electricity storage, see Lazkano et al. (2017). See also Chap. 21 on the role
of energy storage in managing the decline of fossil fuels.
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change hence hampering hydropower, the intermittency and variability of
solar and wind and the risk of over-generation and curtailment (Avila
etal., 2017).

At the national level, SSA countries are investing more in renewables. South
Africa, a country which meets 80% of its energy needs from coal-fired plants,
has plans to diversify its energy production through the deployment of renew-
ables. In this respect, the country has goals to reach 11.5 GW capacity of
onshore wind, 8 GW capacity of solar PV and 600 MW capacity of CSP
(concentrated solar power) by 2030. In Kenya, there are ambitious plans to
diversify the energy sector through the deployment of renewables especially
geothermal. At present, Kenya’s energy mix is dominated by biomass at 67%;
petroleum at 22% and 9% electricity. Kenya is the 8th in the world with
respect to geothermal energy production, and there are plans to add 1,745 MW
of geothermal generation by 2025. In Zambia, there huge hydro resources
and the country is estimated to possess 40% of the water resources in SADC,
although Zambia is estimated to have developed only 2,177 MW. Around
6,000 MW of hydro potential is still unexploited and as such this presents a
huge renewable energy potential in the country (Zambia Development
Agency, 2014). We note that access to energy is a big challenge in many of
these countries despite their richness in energy resources. For instance, in
Zambia, despite the country’s richness in energy resources, only around 22%
of the 13.5 million people in Zambia have access to electricity and these are
mostly based in rural areas, where it is estimated that 22% are electrified com-
pared to 4.5% in urban areas. This differs from most African countries, where
it is usually the urban areas which are highly electrified.

There are indeed various developments at the national level but in this sec-
tion the focus will be on regional efforts to deploy renewables in SSA.

5.1 SSA Regional Efforts in Renewable Energy

Although the SSA region still faces the challenge of energy poverty, there is
potential to meet this challenge by utilising the enormous renewable resources
available in the region. There is no doubt that SSA is very rich in renewable
energy resources, with solar potential totalling about 10,000 GW; wind
potential, totalling about 109 GW, mostly in the coastal countries; geother-
mal capacity estimated at 15 GW especially in the East African Rift Valley;
and exploitable hydropower estimated at about 350 GW mainly located in

“For more details on the SSA energy sector at the national level see Nalule (2018).
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Angola, Cameroon, Ethiopia, Gabon, and DRC (Avila et al., 2017). Despite
these enormous resources and the global commitment to increase the percent-
age of renewables in the energy mix, there are some basic requirements that
need to be fulfilled if the vision is to be attained. These requirements were
summarised by Arila et al. in their renewable guide to include among others:
policies that incentivise renewable energy deployment; enabling legal frame-
works; innovative financing mechanisms; and electricity supply strategies that
prioritise the diversity of resources such as dispatchable renewables (Avila
etal., 2017).

At a regional level, there should be a legal basis for the development of the
energy sector and in this respect renewables. Typically, treaties are the legal
basis for regional cooperation in the development of the different energy sec-
tors including the renewable energy sector. The SADC Treaty for instance
under Chapter seven provides for the different areas of regional cooperation,
amongst which is cooperation in infrastructure and environment.” It is worth
noting that the SADC Treaty does not expressly make mention of regional
cooperation in the energy sector or specifically the renewable energy sector.
Nevertheless, this falls under infrastructure, which is expressly mentioned in
the Treaty. Comparatively, the Economic Community of West African States
(ECOWAS) Treaty under Chapter V expressly mentions the need for coop-
eration in the energy sector and environment.® Whereas the ECOWAS Treaty
goes ahead to mention the energy sector, it does not however make specific
reference to renewables. These treaties are backed by the various energy proto-
cols which detail cooperation in the energy sector at a regional level. A case in
point is the ECOWAS Energy Protocol which is elaborative with respect to
the governance of the energy sector at the regional level.

Besides the various Regional Economic Communities (RECs) Treaties and
energy protocols, there are other instruments that have an impact on not only
the renewable energy sector but energy in general. These take the form of
master plans and other regional programmes. In SADC, for instance, the
Energy Sector Plan (ESP), which is under the auspices of the SADC Regional
Infrastructure Development Master Plan, is intended to address four key stra-
tegic objectives including ensuring energy security, improving access to mod-
ern energy services, tapping the abundant energy resources, and achieving
financial investment and environmental sustainability (Nalule, 2018). One of
the sectors covered by the ESP includes renewable energy and energy efhi-
ciency. Furthermore, in SADC, besides the master plan there have been an

> Article 21 (3) (a) (b) of the SADC Treaty.
¢ Article 29 of the ECOWAS Treaty.
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implementation of programmes in the renewable energy sector in line with
the SADC Energy Protocol including the following: the Energy Sector Plan
of the SADC Regional Infrastructure Development Master Plan (REASAR,
2012); the Regional Energy Access Strategy and Action Plan (REASAD, 2012);
the Renewable Energy and Energy Efficiency Strategy & Action Plan
(REEESAP 2016-2030); the Programme for Biomass Energy Conservation
(ProBEC); and the United Nations Development Programme-supported
Financing Energy Services for Small-Scale Energy Users Project (SADC,
2016: 55). In ECOWAS, besides the Energy Protocol and the Treaty, the
ECOWAS/UEMOA White Paper on access to energy services for populations
in rural and peri-urban areas was adopted in 20006, and this encourages the
use of renewable energy in reaching the electrification goals (ECOWAS, 2019).

5.2 Institutions

Besides the establishment of various laws and policies, efforts to mainstream
renewable energy and energy efficiency (RE & EE) have been experienced in
SSA at the regional level through the establishment of regional centres. There
is no doubt that SSA REC through their various activities in the renewable
energy sector aim at meeting the objectives of the UNs Sustainable Energy for
All initiatives. The establishment of RE & EE regional centres indeed follows
the successful establishment of regional power pools such as the Southern
African Power Pool (SAPP) and the Eastern African Power Pool (EAPP) in
Southern and Eastern Africa, respectively. Whereas regional power pools are
mostly concerned with power trading, the RE & EE centres are mostly con-
cerned with the promotion of RE & EE technologies and the development of
markets. This is envisaged through sharing information and best practices;
developing sound policy, regulatory, and legal frameworks; and building the
capacity within the member states of RECs concerned. These centres are at
different stages of development with some RECs such as ECOWAS having
functional institutions and others such as EAC and SADC being in the pre-
paratory stages of establishing these institutions. In West Africa, the ECOWAS
Regional Centre for Renewable Energy and Energy Efficiency (ECREE)
legally came into existence by the adoption of Regulation C/REG 23/11/08 in
2008 at the 61st Session of ECOWAS Council of Ministers—and the secre-
tariat of the centre was established in Praia, Cape Verde in 2010
(ECOWAS, 2019).

Although we note that in West Africa the renewable centre has been in
existence for more than a decade, in East and Southern Africa, preparations
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are still underway to establish the regional renewable energy centres. In EAC,
for instance, the East African Centre for Renewable Energy and Energy
Efhiciency (EACREE) was approved during the 33rd Meeting of Council of
Ministers held on 29 February 2016. In fact, Makerere University College of
Engineering, Art, Design and Technology (CEDAT) was designated as a
Centre of Excellence for EACREE. In Southern Africa, the establishment of
the SADC Centre for Renewable Energy and Energy Efficiency (SACREE)
was approved by the SADC energy ministers on 24 July 2015.

Whereas the objectives of RE & EE centres are promising, it is imperative
to note that these will not be achieved by the mere establishment of these
centres. There is a need to strengthen not only regional institutions such as
regional regulator associations, but also to establish and strengthen national
institutions (SADC, n.d.: 35). These are necessary to adopt and implement
regional RE & EE projects. However, we note that not all countries are at the
same level of establishing the necessary institutions. In SADC for instance,
the Regional Electricity Regulatory Association (RERA) is comprised of only
12 Regulatory Agencies implying that three SADC member states have not
yet set up national regulatory authorities. Moreover, in order to achieve
regional renewable energy targets, there is a need to establish renewable energy
agencies and national frameworks for RE in all member states of various
RECs (SADC, n.d.: 35).

Due to the various challenges in different countries such as political insta-
bility, lack of technical expertise, and financial constraints, SSA RECs are
facing discrepancies in the development of RE policies and frameworks at the
national level. Taking the example of SADC, South Africa seems to be a step
ahead when it comes to RE national policies. For instance, in 2011 the
Department of Energy launched the Renewable Energy Independent Power
Producer Procurement Program (REIPPP or REI4P) and this is used to ten-
der large-scale installation including technologies such as solar PV, onshore
wind, small hydro, landfill gas, and biomass (SADC, n.d.). There are therefore
various challenges when it comes to implementing both regional policies and
institutional mechanisms aimed at promoting the development of renewable
energy as a mechanism of tackling energy access and climate change in SSA.

5.3 Energy Efficiency in SSA

A discussion on renewable energy brings into play the issue of energy efh-
ciency. Generally, the global energy consumption is on the increase in many
countries, leading not only to increased local air pollution but also GHG
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emissions. Energy efficiency and various technological advancements in the
energy sector are considered as some of the available options for the reduction
of carbon emissions. Moreover, energy efficiency is also considered as a com-
plement of renewable energy—considering that the reduction of energy
demand through energy efficiency is capable of improving the financial feasi-
bility of renewable energy options (SADC, 2015).

Although there are common challenges faced by both the developed and
developing countries as regards the enhancement of energy efficiency, there
are some challenges which are unique to SSA countries. These include, lack of
local trained workforce; poor regulatory environment and governance; and
lack of access to financing for energy efficiency projects. Notwithstanding the
challenges encountered in employing energy efficient techniques, many gov-
ernments and firms around the world have adopted policies and programs to
capture the benefits that accrue from energy efliciency. In SSA, several coun-
tries have employed different energy efhiciency activities including basic
Compact Fluorescent Lamps (CFL) replacement programs. In the SADC
region, over ten-member states have instituted CFL replacement programs
(SADC, 2015). Other initiatives include solar water heating; demand market
participation; standards and labelling; hot water load control; awareness pro-
grams; and energy audits in the industrial and building sectors. Ghana, for
instance, introduced a programme for labelling appliances, aimed at revealing
to the consumers the energy consumption and efliciency of the product.
These efforts together with the regulatory framework have led to an estimated
peak energy savings of over 120 mega- watts (MW). Additionally, the pro-
gramme has saved the country USD 105 million in generation investment
and reducing carbon dioxide emissions by over 11,000 tons annually (USAID,
2017b). In South Africa, the establishment of energy efficiency incentive pro-
grams by Eskom led to the saving of over three gigawatts of total cumulative
energy (USAID, 2017b). In Namibia, in an endeavour to increase research in
energy efliciency, the Department of Civil Engineering built a demonstration
and research house, where 60-70% of energy is saved in the residential
building through thermal envelope, air tightness, and sub-soil heat exchang-
ers (SADC, n.d.: 42). Mauritius, on the other hand, instituted a National
Energy Efficiency Programme. Improved cook stove programs are also being
embraced in various SSA countries as a form of energy efficiency: In the
SADC region for instance, all the countries except Mauritius and Seychelles
have programs aimed at increasing the use of energy efhicient cook stoves
(SADC, 2015).

In terms of regional efforts, various institutions including the SAPP in
SADC have played a big role in promoting energy efficiency including devel-
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oping specific programs for CFL replacement and initiating an expanded
Energy Efficiency Framework. The Framework covers four technologies
including CLFs, Commercial lighting retrofits, solar water heating, and dis-
tribution transformer retrofits. Additionally, in the SADC region, there are
more than five national utilities which, on the basis of the SAPP initiative,
developed demand-side management (DSM) on their own (SADC, 2015). In
terms of energy intensity (this is used as a measure of energy efficiency of an
economy), some countries are doing better than others, for instance in the
SADC region, the DRC, Mozambique, and Zimbabwe have the highest, at
19.1, 17.9, and 17.5 Megajoules, respectively (SADC, 2015). Due to the
employment of energy efficiency in the SADC region, there was a demand
energy reduction of 4500 MW by the end of 2015 (SADC, 2016).

54 Movement to Electric Vehicles

The transport sector is one of the largest contributors of GHG emissions and
this has necessitated steps to find alternative transport thus leading to the
introduction of e-transport. In the EU there is an ambitious target to reduce
the use of internal combustion engine vehicles by 50% by 2030. Further to
this, the alternative fuels directive encourages Member States to develop sys-
tems which enable EVs to feed power back into the grid.

With respect to Africa, there are no ambitious plans and not much progress
has been made in the deployment of EVs as is the case in Europe. However,
EVs have made their way in countries such as South Africa, Kenya, Madagascar
and Zimbabwe. In South Africa, electric cars were introduced by Nissan Leaf
in 2014. BMW later also entered the market introducing its i3 and i8 brands.
Jaguar Land Rover also has plans to enter the SA electric vehicle market. The
brand in partnership with electric vehicle charging authority GridCars, and
with a R30-million infrastructure investment- plans to invest in EV infra-
structure including setting up 82 new public charging stations in the country’s
major hubs and along frequently-travelled holiday routes (Jaguar, 2019). In
Kenya, people are embracing second hand EVs and close to 100 units have
been imported, mostly Nissan Leafs. There are plans to grow an all-electric
fleet (Nissan Leafs) to 200 by 2020 (Nopia, 2019). Used Nissan Leafs EVs are
also common in Zimbabwe and these are sourced from Japan. The country
also has electric motorbikes mostly from the Chinese market. Nevertheless,
on a general basis, Zimbabwe generally has a small vehicle market with annual
new gas/diesel sales of under 5,000. In Madagascar, EVs were introduced in
2015 with the arrival of two Chinese EVs, the BAIC EV-Series and the BYD
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Qin PHEV (CleanTechnica, 2018). Additionally, in Uganda, there is poten-
tial and support for EV. In this respect, Kiira Motors Corporation (KMC) an
Automotive Manufacturing Company was incorporated by the Government
of Uganda and Makerere University with the main aim of championing value
addition in the Domestic Automotive Industry. In 2011, the company
designed Africa’s first electric car, and this was followed by its first hybrid car
in 2014 and a solar bus in 2016. The electric car, under the Kiira EV Smack
is a 5-seater front-wheel drive sedan with a traction motor powered by a
rechargeable battery bank and an internal combustion engine-based generator
(KMC, 2019a); the Kiira EV is Africas first electric vehicle. It employs a
simple battery electric vehicle powertrain consisting of an Energy storage
bank, energy converter and an electric motor (KMC, 2019a). It is powered by
electricity which is stored in the battery bank through repetitive charging. The
solar bus is under ‘the Kayoola bus concept’, the bus relies on lithium-ion bat-
teries to power an electric motor that is coupled to a 2-speed pneumatic shift

transmission (KMC, 2019b).

6 Conclusions

Renewable energy is accepted not only as a solution to energy access chal-
lenges but also to climate change. However, as discussed in the sections above,
SSA countries are not ready to bid farewell to fossil fuels as these energy
sources still have a significant role to play in not only tackling energy access
challenges but also in ensuring the economic development of SSA countries.
However, given the negative impacts of fossil fuels to the environment, SSA
countries should make efforts to mitigate these effects by among others
deploying clean technologies.

With more investments in clean energy and reforms in the energy laws,
SSA is expected to transition to a low a carbon economy. However, this should
not be expected to happen at the same rate as the developed regions, such as
those in Europe, as such global efforts to decarbonise have to take into con-
sideration the differences not only in economic development but also the
geographic and social dimensions of various countries. Nevertheless, there are
efforts in SSA to not only switch to renewables in power generation but also
to move to e-transport. Such initiatives are what will help drive SSA forward
in the low-carbon energy transition, although it is not without challenges.
Additionally, global discussions on energy transition, especially a transition to
a low carbon economy, have not placed significant focus on what practical
steps are required for developing countries to achieve this transition.
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Nevertheless, we have seen incidences where regional organisations com-
promise their targets to accommodate countries that are heavily reliant on
fossil fuels. The EU, although a champion of the transition to a low carbon
economy, is a good example of that especially with respect to its patience and
compromise to Poland, a country heavily reliant on coal. This highlights the
reality of low carbon transitions. With respect to SSA regional organisations,
there have been regional efforts to shift to low carbon economies and these are
supported in turn at the national level as countries are embracing renewable
energy and energy efficiency. Nevertheless, the enormous energy access chal-
lenges in SSA makes us question the practicability of saying goodbye to fossil
fuels when over 200 million people still rely on inefficient forms of energy
such as firewood and candles for cooking and lighting, respectively.

In conclusion therefore, it is imperative to understand energy transition as
a progressive process which cannot happen on a global level but rather differs
depending on the country and region concerned. Technological advancement
and the level of economic development of a country also plays a big role in
energy transition. For instance, in the EU countries are moving towards smart
grids, smart meters and electric vehicles. These are all enabled by the techno-
logical advancement of these countries and also due to the available invest-
ments; however, a country like Malawi in Southern Africa or Uganda in East
Africa cannot jump from firewood to smart grids or electric cars—energy
transition evolves with social and economic advancements and as such bid-
ding farewell to fossil fuels should take into consideration the energy chal-
lenges of different countries and also focus on applying justice in the movement
to a low carbon future .
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On the New Paradigm of International
Energy Development: Risks and Challenges
for Russia and the World on the Way
to the Low-Carbon Future

Andrey Konoplyanik

1 Past and Modern Paradigms of International
Energy

This chapter"* aims to analyse an objective character of the long-lasting ripen-
ing of the preconditions for the shift in the key, from this author’s view, para-
digm that has been triggering international energy development in the past
till nowadays (the perception of ‘peak energy supply’) to a totally opposite
paradigm of international energy development in the current and already near
future (the perception of ‘peak energy demand’). It appears that the tipping
point for such a paradigm shift has already been passed, at least mentally,
within the professional community of energy economists (both academic and
business) and part of political establishment (and what is more important—a
decision-making part in most cases) predominantly in some developed market
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economies. Although a majority of people (inspired through mass media by
climatologists, especially ‘climate alarmists’, and ‘greens’) couple this mental
shift with the climate agenda, namely the Paris Agreement of 2015 (COP-
21), this author argues that the preconditions of this shift refer to much earlier
international/global developments from almost half a century ago.

The key reason for pushing the international energy economy towards this
shift appears in the early 1970 with the radical increase in international oil
prices which in turn reflected and was the reaction to the accumulated antag-
onisms of the institutional structure of the international oil industry since its
organisation in 1928 on the basis and principles of the ‘Achnacarry Agreement’
(Bushuev et al., 2013; Chevalier, 1973; Konoplyanik, 2013a, b, ¢; Yergin,
1991). The combined effects of the OPEC oil embargo and its oil price
increase of 1973 created (like a ‘butterfly effect’) the critical mass to trigger
adaptation of the world economy to the new international order.

The following ‘domino effects’ of adaptation of the world economy to the
new oil price levels and to the shift of pricing mechanisms (price establish-
ment) from IOC to OPEC (revolutionary changes of the 1970s), created, in
a few decades (an objective high inertia of investment-based institutional and
business decisions), accumulated structural effects on the world economy in
its shift from being ‘energy-wasteful’ prior to the 1970s to an increasingly
‘energy-eflicient” type today. It is only based on this development with dimin-
ishment of the GDP energy intensity worldwide (at least in majority of the
countries with noticeable energy demand and state of economic develop-
ment), that the climate agenda, concentrated in the provisions of the Paris
Agreement, has added another dimension to the trend, by increasing signifi-
cance from now onwards such partial productive factor as ‘carbon intensity’,
in the same way that ‘energy intensity’ has been a dominant issue since the
early 1970s.

Within post-1970s developments, positive environmental changes were
considered until recently as a consequence of the secondary order that resulted
from improvements in energy efficiency, the latter viewed as the primary/key
priority, although nowadays it seems the climate agenda has topped the pri-
orities in a number/most of developed market economies thus merging a lon-
ger historical demand for improvements in energy efficiency with the more
recent, but now more and more urgent, demand for low-carbon energy devel-
opment to speed up the diminishment of negative consequences from energy
development on the global environment.

As the shift from an energy-wasteful to energy-eflicient economy creates
risks and challenges for different states due to their competitive advantages/
niches under ‘old’ and ‘new’ economic/institutional structures globally and
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nationally, the same is/will be the story with low-carbon development. Some
countries will see the shift to the low-carbon future as a loss of their existing
international competitive advantages. Others will see it, in contrast, as an
opportunity to gain new competitive advantages by creating new national
competences (if they—their national institutional structures—are ready for
timely developing of such competences) and to grasp/win new competitive
niches in the new growing (and/or to appear and to grow in the coming
future) innovative markets being developed with the transition of the global
economy to the low-carbon development path.

This set of issues will be analysed in this chapter with particular attention
to the Russian Federation.

1.1 Political Economy of International Energy: Concepts
and Definitions

First, one needs to sort through the concepts and definitions that will be later
used in this chapter (Fig. 11.1). Following the classification by Adam Smith,
the basic productive resources (productive factors) are labour, capital, and

“Peak demand”
Productive factors/resources Tl paradigm
. . o
| “Earth” (natural 4 :
1 resources)

natural
envlronment 4,’

Rare-earth

Natural
factor

& “Natural”
After 1970 O factors
(Chevalier 7 P “Anthropogenic”

turning point) Peak supply’

. factors
paradigm
Revolutionary

(2) GHG emi
carbon intensity issue

(i) limit to iti energy (factor of losing iti on

y (old) STP, BUT (ii)
driver of revolutionary (new) STP => capital, innovations

Zones of competitive advantages of different states: Options for increasing energy efficiency (diminishing energy cost
labour: developing (price), developed (quality) component in GDP) = substitution:
capital (financial markets + innovations, technologies): developed (Anglo-Sax), 1. By other energies => inter-/intra-fuel competition (STP)
energy ( ble/hydrocarbon): OPEC/KSA, USA, Russ\a => 2. (Direct) labour => export energy intensive industries to
current (beyond defense i jes) zone of of (developing) countries (cheap labour + lower ecological concerns)
Russia = mostly in non-technological areas (?) => Russia’s dilemma: to switch 3. Capital (past labour) => increase energy efficiency through all
from energy resource sphere or to stay within it but on the new competitive energy value chain (STP)
basis ? => how to monetize existing Russian energy — natural & technical - 4. Non-energy materials (in non-energy use of energy resources) =>
assets: natural (energy) resources & production infrastructure/facilities (STP)

Source: A. Konoplyanik

Fig. 11.1 The political economy of world energy: productive factors, inter-factorial
competition and STP in energy and the current competitive niche of Russia. Similarity
of two global responses to global challenges: past to energy intensity challenge (1970+)
& current/future to carbon intensity challenge (2010+)
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land (“Earth”). Modifying this classification, one may split the ‘land (Earth)’
factor (natural resources) into non-energy and energy resources. The latter
deserves some special attention, and it is their independent analysis and study
(as separated into an independent group of productive factors for this pur-
pose) that have won so much interest since the early 1970s due to the oil crises
that precipitated the oil price shocks and multiple comprehensive following
effects (‘domino effects’) throughout multiple spheres of the global economy.

Energy as a productive resource (i.e. its share in the social product) is influ-
enced by two factors: scientific and technical progress (STP) and the natural
factor (the influence of Mother Nature). Up to the turn of the 1960s/1970s,
the latter used to work towards reducing both the average and marginal costs
of production in the global oil and gas industry, at least at the prospecting,
exploration and production stages, and since that turn—towards their growth?
(Chevalier, 1973, 1975). The STP factor, which always aims to move the cost
curve downwards, consists of the evolutionary and the revolutionary compo-
nents (see Fig. 11.1—red arrows show the direction of influence of differ-
ent factors).

Until the early 1970s, due to the cheap and abundant supply, foremost, of
Middle Eastern oil meeting the growing demand for liquid fuels, energy was
a stimulator of economic growth: the cost of energy intensity in GDP (energy
intensity in value/monetary terms), or the share of energy as a productive fac-
tor among other productive factors, remained low. Starting from 1973, after
the first major (four-fold)* hike in oil prices resulting in a significant increase
of energy prices and the share of the energy component in social costs, energy
(energy as productive factor or energy intensity in value terms) turned into a
suppressor of economic growth. In response, the world economy, acting
within the framework of the supply peak theory, generated a system of initial
decisions/actions that triggered proliferating chains (long-term cycles) of
‘domino effects’ with long-lasting investment consequences; these are entail-
ing (have entailed or may entail eventually) a change in the paradigm of inter-
national energy development.

The cost of energy intensity of GDP (energy intensity in value/monetary
terms) growing everywhere due to increases in energy prices, put a limit to
traditional (energy wasteful) economic development, since it became a factor

3'This author called it the ‘Chevalier’s Fracture/Turning Point” in reference to the French energy econo-
mist who first, according to this author’s knowledge, provided this thesis at least as a hypothesis (see more
on this further below).

“Meanwhile, the hike in oil prices started earlier (it dates back to 1969 when OPEC countries finally
forced the companies of International Oil Cartel to step-by-step slightly increase posted prices), and the
first oil crisis, as argued by Chevalier (1973, 1975), took place in 1970.
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in the loss of competitiveness based on ‘old-type’ (evolutionary) STP. At the
same time, it also became the driver for the revolutionary (‘new-type’) STP via
the inflow of capital to the innovative development of energy industries on
both the demand side (transition from energy-wasteful to energy-saving eco-
nomic development) and supply side (presented by competitive innovative
technologies to master the previously unprofitable energy resources; the latter
could be both new energy resources in old and/or new production areas or old
energy resources in new production areas).

As a problem concerning a particular natural resource aggravates (usually
due to its future or emerging deficit), the attention of the international (scien-
tific and/or civil) public to it may heighten and, the same as energy (the energy
factor of production) in its time, it may be singled out as an independent
subject of study, analysis and public attention. For example, fresh water is
turning (has turned already?) today into such a stand-alone natural resource,
a zone of independent specific attention, as the global risk of its deficiency
keeps growing (maturing) against the prevailing tenor of technology. In some
regions of the globe, the shortage of fresh water is already an established fact
and major problem. For quite some time too, a special concern has been
strengthening with respect to the purity of the atmosphere (as estimated
through emissions of CO, and/or other greenhouse gases) or in a broader
sense, to the purity of the human environment (the totality of natural resources
surrounding a human being, treated as a comfortable environment and sus-
tainable development for humanity). The rise of microelectronics and renew-
ables increases their profile in the global agenda despite potential concern of
the availability of rare-earth minerals/natural resources (see Fig. 11.1).

Two groups of successive consequences in regard to how the global econ-
omy responds to the rise of energy intensity of GDP (in monetary terms) can
be identified. At first, an accumulated material effect of different actions
(reactions) of the world economy, within a few recent decades, in response to
the rise in oil prices and the multiple ‘domino effects’ it triggered. This resulted
primarily in diminishing global (and fully breaking in some developed econo-
mies) the correlation between energy development and economic growth.
Secondly, collective solutions were added to them somewhat later, aimed at
overcoming other drastic consequences for the global economy, those aggra-
vating (accelerating) the transition of world energy industry to its new devel-
opment paradigm.

A collective decision most important in its consequences for the global
energy industry is the Paris Climate Agreement (COP-21) signed at the end
of 2015. This introduced the so-called voluntary-compulsory restrictions on
CO, emissions resulting from human activities. As a result, a new ‘meter’ with
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specific attention to it may appear in the system of productive factors by anal-
ogy with energy intensity which became specifically attentive since the early
1970 only when it grew in importance due to oil price rises. Now it will be
the ‘carbon intensity’, i.e. specific CO, (and/or other GHG) emissions per
unit of GDP or a specific product produced (except it will be an ‘output’ of
production activity instead of its ‘input’ as in case of energy intensity). That
indicator may become a key partial measure of the efficiency of production
activities for world economic development, the way energy intensity used to
be since the 1970s.

The Paris Agreement may have a primary deterrent effect on the further
development of traditional energy industries, since in addition to economic
incentives that push the economy towards abandoning the traditional energy
industries based principally on the development and utilisation of fossil fuels,
direct administrative restrictions are added to accelerate such a transition to
low-carbon and/or even carbon-free development. This is the key (final) step
in awakening mankind to the need to transit to a new paradigm in developing
the global energy industry (at least this mental shift has already occurred at
least in part of the most economically advanced, under the industrial model
of economic development, countries). A change of paradigm (in my system of
terms) means a transition from anticipation of peak supply (and from func-
tioning and economic development within that perception) to anticipation of
peak demand (and to functioning and economic development within such a
new perception).

The question is: what is the optimal trajectory of such a transition and
what risks and challenges (promising opportunities) await different coun-
tries, including Russia, along it? How can these risks be minimised to an
acceptable level? And how can such promising opportunities be capitalised
(monetised)?

1.2  Zones of Competitive Advantages of Different
Countries: Labour, Capital, Natural Resources

Where are the zones of competitive advantages of different countries? Going
by the price of their labour (labour resources), its quality remaining relatively
low, developing countries retain such an advantage. To a large extent, that is
what caused the global flows of capital after the 1970s in response to the rising
oil prices, when energy-intensive industries were actively transferred from the
industrialised oil/energy-importing countries to developing countries in order
to compensate, at least partially, by direct (and then cheap) labour for the
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sharply increased energy costs.” Industrialised countries continue to maintain
a competitive advantage in the market of high-quality labour (the relatively
high-priced blue and white collar workers), including the well-organised prac-
tice of a ‘brain drain’ from other countries, a policy made attractive due to the
high price of high-quality labour.

As for the market of capital (whether financial-monetary, non-materialised,
or innovative—the technological capital, materialised), the industrialised
countries of the Anglo-Saxon world still retain their competitive advantage.
That is why the consequences of restrictions on entering these markets are so
painful for Russia, as other financial markets remain incapable of offering
comparable financial alternatives (in terms of price, volume, quality of finan-
cial borrowing and other services) (Konoplyanik et al., 2015; Zhukov and
Zolina, 2016).

Meanwhile the market of non-renewable energy sources (NRES) such as
hydrocarbons is dominated by three groups of states today: OPEC countries
(first of all, the Kingdom of Saudi Arabia, or KSA), the United States (US),
and the Russian Federation (RF).

OPEC countries have historically been ‘strong’ on the physical energy mar-
ket (production/export volumes), and after the price hike of the 1970s and
subsequent years, their presence in the global financial markets has strength-
ened as well via the mechanisms of recycling their petrodollars.® These coun-
tries have been and remain price-makers on the physical global oil market.

By the early 1970s, the US had lost their dominant role in the global mar-
ket of physical energy: as predicted by M.K. Hubbert back in 1949-1956
(Hubbert, 1949, 1956), the country had peaked in its oil production in 1970,
turning quickly into a net importer of liquid fuel. However, the American
‘shale revolution’, first in dry shale gas that progressed to ‘fat’ (wet) gas and
then to shale oil has eventually brought the US to its current position of a
major player in the global physical oil market, coming second along with
OPEC (Saudi Arabia), as the de facto second balancing supplier in that market
capable of responding quickly to changes in the oil conjecture by respective
adjustments of the level of supply. A kind of dualistic system of opposing
players in the physical oil market was formed: OPEC countries (and producing

>Such transfer of energy-intensive industries to developing, primarily, Asian countries, has predeter-
mined, to some extent, their later economic growth based on the industrialised model of economic
growth imported with the corresponding technologies from the industrialised states.

These ‘petrodollars recycling’ mechanisms differs slightly within two waves of such recycling in two
periods of high world oil prices: under the high oil prices of 1970-1980s petrodollars recycling was aimed
mostly to the material sphere and under high oil prices of the 2000s and 2010s to the financial sphere
(Bushuev et al., 2013; Konoplyanik, 2013a).
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states aligning with them either provisionally or steadily as producers of tradi-
tional oil, like the members of OPEC-plus lasting agreement), on the one
hand, and the US companies producing shale oil, on the other.

However, the latter are not the price makers in the global oil market them-
selves, unlike the OPEC countries. What shale oil producers are capable of is
compensating quickly for certain moves by the price-makers, reacting
promptly to production curbs or boosts by the OPEC countries (plus those
others to have joined the OPEC pack to hike or suppress the prices) with
actions of the opposite final orientation. As OPEC countries (several state-
owned companies of these countries) reduce production in a coordinated
manner, prices start rising; numerous minor, medium and major shalers are
ready to increase their production in response to that price rise; the global
supply increases eventually, and prices start falling. The circle gets closed
(Konoplyanik, 2014a, 2016a, 2017a: 14-15).

However, the US (more precisely, the largest US financial institutions) are
price-setting players (price-makers) in the global ‘paper oil’ market, thanks to
their dominant role in the global financial market, the derivatives market first
of all (according to IMEMO RAS specialists of the Energy Research Center
(ERC)), 95% of that market is controlled by four groups of the largest US
investment banks: JP Morgan Chase, Citibank, Bank of America, and
Goldman Sachs (Zhukov, 2011). Note that the development of the market of
oil derivatives is, in principle, beneficial for oil exporters. Financial investors
are capable to operate with both rising and falling oil prices. However, the
analysis still shows them to be more interested in the growth of oil prices than
in their fall. There, the interests of oil exporters and financial investors coin-
cide (Kopytin, 2011).

Thus, a unipolar structure is gradually forming in the global oil market,
consisting of two segments; in terms of the aggregate presence both these seg-
ments feature a growing US dominance with its production companies and
financial institutions (Konoplyanik, 2013b, ¢).

At the same time, the US oil market kept developing, including the forma-
tion of the international oil trade (de facto by American oil companies or with
their dominance), always parallel and closely connected with the developing
US financial market. It was a national market first, but World War I cata-
pulted it almost immediately to the international level, with US financial
institutions dominating. It has received additional stimuli for international
dominance during World War Two and post-war reconstruction of the global
economy. Moreover, the expansion of the international oil trade was based on
the American financial system, since that trade lagged temporally in relation
to the latter. The chronicle of events was as follows:
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* November 21-26, 1910: The town of Jekyll Island (US): a meeting of rep-
resentatives of the then six largest US financial institutions resulted in
forming the US Federal Reserve System (US FRS) on December 23, 1913;
that meeting precipitated the start of forming the global financial system
based on the global dominance of the Anglo-Saxon (mainly American)
financial institutions (Prins, 2014);

* September 17, 1928: In the Scottish town of Achnacarry: a meeting of the
then seven largest oil companies (five American, one English, one English-
Dutch), resulted in signing an agreement to form the International Oil
Cartel (IOC); that meeting marked the start of forming a global oil supply
system based on the dominance of Anglo-Saxon (mainly American) verti-
cally integrated companies (VIOC) (Chevalier, 1973; Yergin, 1991), closely
interrelated initially with the relevant financial institutions, primar-

ily US-based.

Russia is not an independent price maker on the physical oil market (except
only when teaming with OPEC). Due to its continentality (geographical
position with respect to export markets), Russia is not that tightly built into
the open system of world oil trade; it is associated more with technologically
rigid pipeline supply chains linked to specific, mainly European, consumers.

Thus, the current zone of competitive advantages of the Russian Federation’
is basically not a zone of technological advantages, but a consequence of the
enormous natural wealth of the country. Note that the natural factor per se,
the abundant natural NRES is economically both negative (most of the indus-
try resources/reserves reside beyond the Arctic Circle, in remote areas and
adverse environmental conditions, distanced far from their consumption cen-
ters) and advantageous for our country (the scale effect of multiple large and
gigantic (by world standards) deposits working in the country’s favour). High
individual reserves of separate fields offset the negative side of the ‘natural fac-
tor’ inherent to the Russian oil industry, partly. Ultimately, this results in the
relatively low production and transportation costs for NRES targeted to their
main markets.

A common feature in the development of large energy industry systems
based on developing the NRES, is the deterioration of the natural conditions
of their activities with time (beyond ‘Chevalier’s Turning Point’). That, in its
turn, leads to the natural loss of the competitive advantages that Russia
features only due to its abundant NRES resources/stocks, unless it is compen-
sated by revolutionary STP achievements.

7Outside the sphere of the defense industries and narrow technological advanced undertakings from the
manufacturing industries and/or intellectual services.
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1.3 Inter-Factor Replacement (of Productive Resources):
Lessons Learned for Decarbonisation

How can one respond to the rise in energy prices that entailed a sharp rise in
price and share of the energy component in the social costs (GDP energy
intensity in monetary terms)? Such reactions may be many-fold, but all of
them will be different forms of substitution at the level (within the scope) of
productive factors: some productive resources that have become less competi-
tive shall be replaced by others whose competitiveness has increased, though
not necessarily due to any targeted measures undertaken to stimulate it.

Within the framework of competition between the various productive
resources such a substitution (structural reorganisation, structural changes in
the global economy) has taken place repeatedly along the path leading from
less expensive to more expensive measures, from simpler to more complex
transformations.

The first step in a series of consecutive measures to respond to rising energy
prices consists in replacing oil with other energy resources within the frame-
work of the existing tenor of technology, while striving initially to preserve its
technological structure. Such substitution took place at the beginning as
intra-fuel competition, i.e. replacement of the now expensive oil from OPEC,
due to the artificial increase of its price by OPEC states, with oil from other
sources outside OPEC. These other sources, being noncommercial under pre-
vious low oil prices, managed to achieve acceptable profitability due to
increased OPEC oil prices. Existing expectations of import-dependent devel-
oped economies that their oil companies would price the newly developed
and thus costlier to produce oil below the price established by the then price-
making OPEC countries has failed: all oil delivered into international trade
was priced on the OPEC-stated level and was equally expensive for consumers
non-dependent of its origin. This is why ‘inter-fuel’ competition has come
instead later which is a replacement of expensive oil by other energy resources,
e.g. gas, coal, that have become relatively cheaper as end-use products due to
technological competition in energy consumption.

Then, paradoxical as it may seem, the step of replacing energy with live
labour came (though such a substitution may seem to be a sign of regress for
many). That step expressed itself in the transfer of energy-intensive industries
from import-dependent industrialised countries characterised by expensive
energy and labour to countries of cheap labour, if not cheap energy. That is, a
deliberate withdrawal of such industries to the developing countries was tak-
ing place. Parallel to that the industrialised countries were solving one more
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task: as a rule, energy-intensive production processes are environmentally
dirty (used to be even more so at the time). Namely, the fight to preserve the
clean natural environment evolved in the industrialised countries particularly
in the 1970s. That is to say, transnational companies not only solved the task
of compensating for the growth of their energy costs by saving on live labour,
but also reduced the cost of complying with environmental regulations
(installing the cleaning equipment required in the parent countries): in their
new host (now developing) countries, such environmental protection require-
ments had not become relevant yet, and deploying energy-intensive produc-
tion lines there, dirty by the developed market economies’ standards, one
could save on the appropriate environmental mitigation equipment.

Note though that when energy-intensive industries were transferred from
industrialised to developing countries, the model of industrial development
was exported from such industrialised countries to those developing ones,
regardless of the actual fitness of such a model for them at the current stage of
their development. In particular, such industries, transferred to China, India
and other developing countries rich in cheap labour, provided their ensuing
economic boost that followed a specific industrial model with all its pluses
and minuses, forcing such countries to develop along the trajectory that the
industrialised states had taken before them, and to face (and thus be obliged
to solve) similar problems.

The next step consists in replacing energy with past labour (capital). The
issue now is improving energy efficiency at every step of the energy chain—
from mining to end use, with such efficiency to be yielded, first of all, by the
achievements of the revolutionary STP (see Fig. 11.1).

It seems that in response to growing concerns regarding ‘carbon intensity’
of the economy, the states (at least developed market economies) will follow
the same path of inter-factors substitution (meaning productive factors,
including partial ones to which carbon intensity belongs today like ‘energy
intensity’ previously): first it would (should) be structural substitution fol-
lowed (in a ‘nested doll’ manner) by technological improvements, from least
to more costly ones, aimed at reaching technological breakthroughs.

1.4 Hubbert’s Curves, Hotelling’s Rule/Rent, Chevalier’s
Turning Point

The lay public consciousness allows that the offer of NRES may become lim-
ited and somewhat restricted in the future as the energy industries keep devel-
oping on this basis. The main assumption underlying the modern energy
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industry development paradigm follows from the analysis by the three ‘clas-
sics’, whom the current author believes to be the founders of the economic
basis of international modern energy industry relying on the use of fossil fuels:
M.K. Hubbert, H. Hotelling and J.M. Chevalier. They formulated the three
basic principles characterising the paradigm of international energy develop-
ment based on NRES and determining such development.

First, Hubbert’s Curve (Hubbert, 1949, 1956) underlying the peak oil the-
ory. This curve demonstrates that since oil and gas resources are exhaustible
(finite), hydrocarbon producers are bound to reach peak production at some
point in time with production declining thereafter. That effect stems from the
nature of the production time profile for any individual hydrocarbon deposit/
field: production growth and retention of its maximum volume (the ‘shelf’)
decrease. Therefore, with time, an ever-increasing share of newly commis-
sioned production capacities within a single oil and gas province, country,
group of countries shall strive to compensate for the production decline via
existing fields instead of providing further growth (Fig. 11.2).

Different interpretations of the curve are allowed within the framework of
two different schools of thought, based on using Hubbert’s Curves for the
purposes of static (or ‘geologist’s’) vs. dynamic (or ‘economists’) modeling.
The so-called geologists believe that the resource base available today deter-
mines the physical limits to the growth of energy production, with its peak to
be reached quite soon. This is a static modeling approach: energy supply is a
function of the resource base, depleted as production progresses. Moreover,
respective calculations are conducted often either using technically recover-
able or proven recoverable reserves though both resource categories are not
static within the timeframe. Both calculation techniques are incorrect: the
first reflects the current level of technology development only and/or the sec-
ond limits itself by the current economic situation, thereby neglecting the
permanent effect of STP.

The so-called economists believe that if that Hubbert’s peak ever comes, it
will not happen now (according to this author, at least not during the nearest
two investment cycles, the current and the next ones) (Energy Charter, 2007;
Konoplyanik, 2004, 2017a), because the peak of the Hubbert’s Curve keeps
shifting right and upwards due to STP. This is a dynamic modelling approach:
energy availability is the function of STP (the result of financing and applying
new technologies, that is the function of investment climate), and the resource
base that is profitable for development keeps expanding as produc-
tion proceeds.

As a result of STP (its evolutionary and/or revolutionary branches) and/or
changes in the price conjecture, energy resources that used to remain
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Note: upper Hubbert's chart refers to the World, lower chart refers to the USA.

Alternative option in the next remark

Fig. 11.2 Marion King Hubbert (1903-1989) and the “Hubbert’s Curve” as applied to
US (lower chart) and global (upper chart) oil production from the 1956 perspective

unprofitable for development® previously thus staying outside the Hubbert’s
Curve in the past, now drift under that curve, the area below that zone
increases and the peak of the curve shifts right and upwards.

8The remaining energy resources are unconventional in the author’s terminology: the distinction between
traditional and non-traditional resources does not follow the physical and chemical, geological or natural
climatic differences, but their final key economic difference according to the actual profitability of devel-
oping certain energy resources, under the given economic and political conditions. In other words, the
entire set of associated risks of production and delivery/trade shall be taken into account; and it is ulti-
mately the result of the technology applied (the factor of STP) and the price level (the factor of the cur-
rent economic situation).
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So, within the framework of this author’s economic interpretation of the
Hubbert’s Curve (Fig. 11.3), its peak drifts to the right and upwards as the
‘unconventional’ energy resources (formerly unprofitable for their develop-
ment and use) become profitable, thus drifting under that curve, and expand-
ing its respective area and shifting the peak of the curve. Meanwhile, even in
theory, reaching the peak of the Hubbert’s Curve cannot happen before the
completion of two global investment cycles: the current one and the one
following it.

The current investment cycle is a period of commercialisation of existing
technologies in the energy sector within the current tenor of technology
(application- and payback-wise). Huge funds are invested by both the busi-
nesses and states not only (and not so much) in energy production,
transformation and consumption, but in gaining productive means for these
purposes (i.e. in the industries associated with energy industries). No rational
economic actors still in command of their wits will ignore such funds (or
write them off). Therefore, such already invested funds must be and will be
monetised (their payback will be ensured) before progressing to new
technologies.

Moreover, substantial funds have already been invested by both states and
businesses in the investment cycle to follow (i.e. in developing next generation
technologies). Namely, this is R&D (which peak into the day after tomorrow

Peak of ’Hubb.ert’s curve’ is I N Deep horizons, deep offshore, Arctic, shale gas,
at least TWO 14 CBM, CSM, CMM, _ biogas, hydrogen, P2G, ...
cycles away |:>
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‘,“ Gas (from active coal mines), CMM = coalmine
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The mankind will not reach Hubbert’s peaks in oil & gas at least within two investment cycles (first one - based on currently
commercialized technologies, second one — on those yet not commercialized technologies that are currently at R&D stage)

Source: A. Konoplyanik

Fig. 11.3 Economic interpretation of Hubbert’s Curves
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and even beyond, so it makes no sense to guess their contours and even less
their commercialisation prospects yet), and especially future applications
which provides practical knowledge today about the technologies of tomor-
row, to be commercialised and put into practice during the next invest-
ment cycle.

Thus, going by the results of such applied R&D), we see which energy tech-
nologies and which production processes/technologies (i.e. beyond energy
industries) will be commercialised during the next investment cycle.
Essentially, such a cycle has started already, since any investment cycle starts
with its R&D stage. It sets the investment development inertia (the most rigid
one) for the period of the second investment cycle down the whole energy
chain from production to end-use. Therefore, as much as the trend described
above prevails, we are not at risk of reaching the peak of the Hubbert’s Curve
for about, say, the next 50 years.

Secondly, there is Hotelling’s Rule (Hotelling, 1931), according to which
the future value (cost) of NRES in the earth grows over time by the value of
bank interest rates (Fig. 11.4). It implies the existence of two types of resource
rents when selling NRES on the market: the Ricardian Rentand the Hotelling’s
Rent (Energy Charter, 2007).

It also follows from here that extracting (monetising) the Hotelling’s Rent
is not the result of market dominance of an exporting company in the energy
market of an importing country due to an allegedly anti-competitive behav-
iour of such a company (e.g. as the European Commission has been incrimi-
nating PJSC Gazprom within the EU gas market). Instead, it stems from a
lack of competitive replacement technology (backstop technology) or replace-
ment energy source, or alternative suppliers of such energy resources in the
country dependent on its import (see Fig. 11.4). Each such roadblock may be
overcome by respective investments, independent of the behaviour of either
the exporting country or company, and it is fully dependent on the invest-
ment climate and motivational behaviour of the receiving importing country
with respect to prospective investors.

In case the host (importing) country takes no such actions, the exporting
company of the resource-owning foreign state’ is fully entitled to extract not
only Ricardian rent from the export markets of third countries by selling gas at
the price based on ‘cost-plus’ pricing mechanism, but also to extract the
Hotelling’s rent as well by selling gas at a price pegged to the cost of its replace-

?Especially a state company of the exporting country acting as the economic agent of its sovereign state
such as the ‘Russian Federation—Gazprom PJSC’ conjunction, where RF Law ‘On Gas Export’ defines
Gazprom as a monopoly exporter of Russian pipeline gas.
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Fig. 11.4 Harold Hotelling (1895-1973) and the “Hotelling’s Rule”: an economic rule
regarding natural resource rent. (Source: A. Konoplyanik based on the work of
Hotelling (1931) and chart from Neha (1973))

ment fuel (backstop technology)—at the replacement value—in the market of
such a country. Such an economic approach of a sovereign state to extract the
maximum monetised (i.e. marketable) resource rent on export (Ricardian rent
plus Hotellings rent), i.e. selling its gas competitively against its substitutes, is
protected by such international legal acts as the UN General Assembly Resolution
1803 of December 16, 1962 ‘Permanent Sovereignty over Natural Resources’
and Article 18 ‘Sovereignty over Energy Resources of the Energy Charter Treaty
of 1994 (entered into force on April 16, 1998) (Energy Charter, 2007).

In combination, both concepts act towards increasing the future cost
(value) of NRES in the subsoil over time. However, neither scholar had taken
possible restrictions on the demand side into account.

Thirdly, it was J.M. Chevalier who substantiated, at least at the level of
theory, the so-called ‘turning point at the cusp of the 1960s/1970s in the
dynamics of marginal and average costs of oil exploration and production in

the world (Chevalier, 1975):

In the fundament of our analysis we laid out the central hypothesis that in
1970-1971 the carlier trend of diminishing marginal production costs in petro-
leum industry has changed to their growth, at least in exploration of new fields
and oil production... it is too early to prove this theory through the quantitative
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analysis. In the given research we have tried to provide its general assessment

only. (Chevalier, 1975: 21)

Subsequently, the present author was able to confirm J. M. Chevalier’s assump-
tion via calculations (Kurenkov and Konoplyanik, 1985) (Fig. 11.5), which
prompted introducing the term Chevalier’s Turning Point in relation to the
laws of evolution of international energy markets.

In 1972 the first report to the Club of Rome “The Limits to Growth’ was
published (Meadows et al., 1972), actually based on the theses by Hubbert
and Hotelling. Strictly speaking, the popularisation of the Hubbert theory
began precisely with that report to the Club of Rome. In response, the then
Minister of Oil and Mineral Resources of Saudi Arabia, Sheikh Ahmed Zaki
Yamani made his famous statement: “7he Stone Age had ended nor because the
stones ended, and the Age of Oil will end much earlier than the world runs out of
0il” (The Economist, 2003) having thus practically substantiated the inevita-
bility of transitioning from the expectation of ‘peak supply’ to ‘peak demand.’

The question then comes: Is that the phase transition we are seeing now?
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Fig. 11.5 Adjusted dynamics of E&P costs for hydrocarbons internationally in the sec-
ond half of the twentieth century (quantitative assessment of J.-M. Chevalier’s central
hypothesis)
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2 World Energy: A Paradigm Shift?

Why does a paradigm shift occur, expressed as a transition of the public per-
ception from the expectation of peak supply to peak demand? The ratio has
changed in the expected dynamics of supply and demand, and of the factors
acting on the side of each of these processes. Such factors include the accumu-
lated effects of the response of the world economy to rising oil prices since the
1970s, the US shale revolution and its domino effects, the expected conse-
quences of the Paris Climate Agreement (COP-21).

On the supply side, there was the combination of Hubbert’s Curve and the
Hotelling’s Rule, which worked smoothly during the period after the
Chevalier’s Turning Point to first of all make extracting the resource rent a
business objective via the effect of scale (to overcome the negative effects of
the natural factor across that period), with the industry-wide STP targeting
the same goal to a large extent. Meanwhile, demand followed the industrial
development model, as a rule, with centralised energy supply remaining dom-
inant (to realise the same scale effect). Population growth and the expansion
of its access to commercial energy supply over time both worked in favour of
an extensive growth of demand. This contributed to the expectation of a
growth of demand outrunning the growth of supply, with the respective ratio
of the peaks of the two curves shown in the left part of Fig. 11.6.

So what is happening now? The nature of STP has changed following a
shift in the type of rent that it predominantly aims at extracting. Now it is not
the natural resource rent (extracted mainly due to the effect of scale). Primarily
it is the technological rent now due to the sharply increased development of
shale resources (with totally different investment cycles compared to the
development of traditional oil and gas) (Konoplyanik, 2015a) and of renew-
able energy sources (RES), both being aimed at the extraction of energy from
significantly less concentrated sources (RES) and accumulations in the subsoil
(shale) compared to traditional oil and gas or other fossil fuels. One example
is offered by the US shale revolution, which is the main revolutionary trans-
former on the supply side at the moment (and not just of hydrocarbons only).

2.1 US Shale Revolution and Its Domino Effects (the
Supply-Side Revolution)

The American shale revolution has been in preparation for a long time, kick-
started 30-odd years after its 1974 conception by the Administration of the
then US President Nixon with his Energy Independence Program. This was a
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Fig. 11.6 World energy: the change of paradigm?

response to the oil embargo and rising oil prices by OPEC. In 1977, the
President J. Carter Administration adopted the program, envisaging, among
other things, large-scale government funding of fundamental R&D in 14 dif-
ferent areas (MIT, 2011), which promised, in principle, reducing national
dependence on energy imports sometime in the future. One such area that
proved successful was the design of commercial technologies to produce shale
hydrocarbons (first dry gas, then fat/wet gas, and then oil) based on success-
fully combining three separate achievements of the revolutionary STP in a
single technological complex: three-dimensional seismic modelling, horizon-
tal and directional drilling and multiple reservoir hydro-fracturing (multiple
fracking).

The American shale revolution took place in the second half of the 2000s,
as a number of favourable circumstances combined, not least of which were
the sharp rise in oil prices in the first decade of this century (Bushuev et al.,
2013), the liberal nature of the US economy providing a quick response to
new challenges (Konoplyanik, 2014a, 2016a) and the role of George Phidias
Mitchell (1919-2013), generally recognised as the pioneer of the shale revo-

lution.'® Thus, the full innovation and investment cycle for the development

19According to The Economist, “few business people have done as much to change the world as George
Mirchell” (The Economist, 2013). “7he rise [in shale gas] has been helped along by a variety of factors ... Bur



306 A. Konoplyanik

40 3.50

i Revolutionary Investment
% ' advances (state stimuli (state -3.00
30 . A spending) concessions) E—
-2.50
effect
25 Evolutionary advances 200
20 (learning curves)

indust sl
(industry spending) L 150

15+

Annual Program Budget
(Millions of dollars in 1999 dollars)

10 4

Annual Shale Gas Production (Tcf)/
Tax Credits ($/Mcf)

a Year

. BN Shale Gas Production I DOE Spending I GRI Spending BB Tax Credits

1977 US ”Energy Source: Adapted from MIT Energy Initiative (2011: 163) and Konoplyanik (2016a)

Independence”

Program =>1977-
2007=30Y

Fig. 11.7 Role of US state financing in stimulating the “US shale gas revolution”

of shale hydrocarbons, from the start of state funding of basic research to
reaching a large-scale effect, with the resultant critical mass sufficient to launch
systemic domino effects in turn, has taken about 30 years (Fig. 11.7). The US
shale revolution caused a number of domino effects (Konoplyanik, 2014a,
2016a); if not turning it upside down, it definitely shook up the energy world
very strongly and caused numerous multidirectional and—most impor-
tantly—irreversible changes in it.

What is fundamentally different between the production of traditional
hydrocarbons and the production of shale hydrocarbons? In the first case,
project operators make individual decisions on their development and financ-

the biggest difference was down to the efforts of one man: George Mitchell, ... who saw the potential for improv-
ing a known technology, fracking, to get at the gas. Big oil and gas companies were interested in shale gas but
could not make the breakthrough in fracking to get the gas to flow. Mr Mitchell spent ten years and $6m to
crack the problem (surely the best-spent development money in the history of gas). Everyone, he said, told him
he was just wasting his time and money” (The Economist, 2012). In this author’s view, the role of George
Mitchell in modern energy (in terms of the practical implementation of energy innovations which gener-
ated revolutionary and irreversible changes not only in the US, but in the global economy) is so great that
he could have been short-listed for the annual ‘Global Energy Prize’, established by a group of Russian
energy companies a few years ago (as an analogue to the Nobel Prize in energy to some extent). This
author was a member of International Expert Committee of the Global Energy Prize in 2012-2015 and
thus was not allowed to nominate candidates during this period. This is why, and since Mr Mitchell
passed away in 2013 (the premium is not awarded posthumously), it was not possible to float this sug-
gestion, voiced in 2014, because of procedural considerations (Konoplyanik, 2016a).


https://en.wikipedia.org/wiki/Fracking
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ing, while project (debt) financing for such projects is an art. In the case of
shale hydrocarbons, it is a conveyor belt of drilling, both technological and
financial: project financing is churned out and becomes a craft. As a result,
two different types of hydrocarbons predetermine focusing on the extraction
of two different types of rent (Konoplyanik, 2015a).

As a result, the potential zone of available supply expands dramatically due
to an additional (advanced?) expansion of the area under the Hubbert’s Curve
while a huge cluster of such previously known energy resources,'’ which for
long remained unconventional (i.e. unprofitable for large-scale development),
move rapidly to take the place under the curve or become profitable to be
produced and thus became new conventionals.

2.2  Global Multi-Facet Effects to Rising Oil Prices (the
Demand-Side Evolution)

Several effects get superimposed in the demand zone. First, the accumulated
effect of four consecutive steps of what can be called ‘an escape from oil’ of the
world economy (Fig. 11.8) with its ‘nesting doll effect’ (when each succeeding
step is superimposed on and complements the action of previous steps). These
followed the oil crises and price hikes of the 1970s (see Fig. 11.8) (Konoplyanik,
2015a; Bushuev et al., 2013). First, this entailed a slowdown in the growth of
energy consumption by industrialised countries, forming the initial prerequi-
sites for reaching peak demand:

1. ‘OPEC Oil Escape’ in production—Upstream competition (OPEC oil vs.
non-OPEC oil): the development of previously unavailable or difficult-to-
reach oil deposits outside of OPEC countries was made possible as these
fields entered the area of profitability due to the technologies made avail-
able by the price hikes or with the use (commercialisation) of the achieve-
ments of revolutionary STP caused by such hikes. The international trade
in oil and its infrastructure have diversified drastically, the range of supply
sources increased, and ‘oil versus oil’ competition intensified. However,
initially, prices leveled out instead of reducing the marginal (most expen-
sive) sources which indicated the level for the establishment of official
OPEC selling prices, and it was only from the beginning of the 1980s that
the increasing excess of supply has started pressing the prices down until it

collapsed in 1985 (see Fig. 11.8);

""Note that Oil Economy, the oldest Russian industry magazine, used to be named O/ and Shale Economy
in the early 1920s.
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Fig. 11.8 Crude oil prices 1861-2018, US dollars per barrel, and world events (acc. to BP)
and international oil market development stages and some related events (acc. to
Konoplyanik)

2. Liquid Fuel Escape’ in consumption—Downstream competition (‘oil vs.
other energies’): The replacement of liquid fuel with alternative energy
resources/energies where possible/available (e.g. gas, coal, nuclear, renew-
ables, even non-commercial energies in less developed economies) as a
result of both applying the achievements of revolutionary STP in non-oil
energy consumption areas and (on top of) pure structural changes from oil
to non-oil energies due to their price differences in cases of available tech-
nologically neutral appliances for specific energy in end-use. This has led
to a slowdown (and a short-term cessation in the early 1980s) of the growth
in demand for liquid fuels;

3. ‘Energy Escape’ (substitution of energy resources with other productive fac-
tors), i.e. ‘oil/other energies vs. other productive resources’ competition;
now costly energy resources were replaced by:

* Labour (labour vs. energy)—the transfer of energy intensive production
capacities of energy consuming industries to developing countries and
compensation thereby of expensive energy with cheap labour. This
resulted in a structural increase of energy efficiency in the countries that
imported energy, first and most in the developed market economies; and
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* Capital (capital vs. energy)—the technological improvement of energy
efficiency as a result of implementing the achievements of the revolu-
tionary STP (along with measures to save energy, which may result from
administrative measures). Increases in the technological efficiency of
energy use in all segments of national and cross-border energy chains
occurred primarily in the industrialised energy importing countries;
subsequently, with a certain delay, these achievements spread across the
entire world economy via the system of international economic rela-
tions, leading to a ubiquitous transition from an energy-wasteful type of
social production (dominant until the early 1970s) to an increasingly
energy-efficient one.

Second, changes are taking place in the public consciousness, resulting in
voluntary (man-made) restrictions, collectively introduced, which restrain
and slow down the growing demand. These changes stem primarily from the
dominant perception envisaging the climate change and environmental deg-
radation agenda relevance for sustainable economic development. The most
striking example of such changes in the public consciousness is the Paris
Climate Agreement (COP-21).

Third, a new type of post-industrial economic development appears to be
forming in the most economically developed countries, on the one hand, and
might be forming in the poorest ones, on the other hand. However, the task
of providing further energy supply in developed nations and combating
‘energy hunger’/’energy poverty’ in the others (different in their initial causes
but identical in the approaches pursued nonetheless) will not be pursued
along the industrial development trajectory that the industrialised countries
have taken with its predominantly centralised energy supply and based on
economies of scale, where possible. Instead, it will occur by building up a
predominantly post-industrial, decentralised, possibly individualised energy
supply, following the wide range of possibilities that the current STP stage
provides, though not necessarily ‘digital, electrical, renewable’ in all cases.

Moreover, the global energy industry is unlikely to ever become fully ‘dig-
ital, electrical, renewable,’ in contrast to the widely spread vision that is
instigated today (or in the most recent past) in certain circles of EU coun-
tries. However, the presence of these three components becomes more and
more significant, resulting in radical changes in the nature of the growth in
energy demand and its further trajectory, including slowing down its subse-
quent growth. In its complexity, then, this provides a transition from the
peak supply model to the peak demand model of international energy
development.
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The slowdown in energy demand growth, on the one hand, and the expan-
sion of potential supply, on the other, lead to a buildup of potential supply
surplus in the global energy industry. Due to the cumulative effect of these
post-1970s developments, global technically recoverable oil resources exceed
the forecasted volumes of accumulated (expected) oil demand by a factor of
3.7 over the period 2015-2035, and by a factor of two over the period
2015-2050; the respective excess figures for the proven recoverable reserves
are 2.4 and 1.3 (Dale, 2017) (Fig. 11.9).

The development trends in R&D will lead to further expansion of the
available reserve base of NRES and further diminishment of their E&P costs.
The ‘BP Technology Outlook’ report (BP, 2015) illustrated this trend for the
2012-2050 period in regard to different types of liquid fuels (Fig. 11.10).
Both increases in technically recoverable resources’ volumes and diminish-
ment of E&P costs will bring more additional reserves below the Hubbert’s
curve, thus serving to prolong the ‘oil era’ by diminishing perceived (by the
alarmists and ‘geologists’ in the above-mentioned meaning of this term)
reserve(s)/resource(s) limitations.

These figures confirm that humanity is not threatened by resource hunger;
the problem arises, however, of the timely demand (payback) for those NRES
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Fig. 11.9 There is no ground for ‘peak supply’ concerns already today. (Source:
BP (2017) and Dale (2017))
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Fig. 11.10 The Role of STP in energy resource base development

categories which have substantial productive resources (intellectual, financial,
and technological) already invested in identifying and preparing these NRES
for development.

In addition to the cumulative response by the world economy to the oil
and energy crises of the 1970s, on both the demand and supply sides, a man-
made restriction on the demand side was recently added (Paris Climate
Agreement), which radically accelerates the change of the energy paradigm
and creates a system of new challenges for the energy industry both globally
and in Russia.

2.3 COP-21 as the New Key Element of the New
Paradigm of Energy Development (Demand-side
Demand for a New Energy Revolution)

The Paris Climate Agreement is an agreement under the UN Framework
Convention on Climate Change that regulates measures to reduce greenhouse
gas (GHG) emissions by 2020. It was prepared to replace the Kyoto Protocol,
and adopted by consensus during the Conference in Paris on December 12,
2015. The agreement was signed on April 22, 2016 and entered into force on
November 4, 2016.
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The Paris Climate Agreement actually sets new limits for the growth of the
global energy industry by imposing restrictions on them ‘from above’, i.e.
from the outside of the energy industries per se. According to the International
Energy Agency (IEA)," the accumulated future CO, emissions due to the
development (if would have occurred) of the world current proved recoverable
reserves (CPRR) of non-renewable energy sources'” (NRES) are three times
higher than the upper limit of allowed emissions agreed under the COP-21 for
the purpose of sustainable development (permissible warming of 2°C, maxi-
mum); the Intergovernmental Panel on Climate Change (IPCC) offers a simi-
lar assessment of an excess of 3—4 times (Konoplyanik, 2016b). It means that
to keep global warming within the specified limits without large-scale imple-
mentation of CCS technologies, humanity will have to limit itself to using not
more than 1/3 (according to IEA) or 1/3 to 1/4 (according to the IPCC) of
global CPRR NRES. This means—only lesser (minor?) part of geological
resources of fossil fuels that we do know of, that have been studied, technolo-
gies are available for their extraction (the technically recoverable resources) and
which are economically viable for extraction, that is, prepared for extraction
and are in essence ‘production capacities’ (current proven recoverable reserves)
could have been permissible to utilise. Considerable funds have already been
invested in preparing these resources for extraction. And these energy resources
(as a category of productive resources) are the zone where the Russian econ-
omy of today retains its competitive advantages (see Fig. 11.1).

According to the IEA, 2/3 of all the above potential emissions are due to
emissions from coal combustion, 22% belong to liquid fuel and only 15% to
gas (IEA, 2012). Therefore, a natural question arises: if only 15% of all GHG
emissions refer to gas, why is the main struggle for a cleaner environment in
Europe directed today against the use of gas first of all? Is it not because the
public opinion of energy-import-dependent Europe artificially associates the
word ‘gas’ primarily with the phrase ‘imported gas’ and further on with
‘Russian gas, with corresponding negative connotations, especially after the
Russia-Ukraine gas transit crises of January 2006 and January 2009 and in the
current anti-Russian sanctions regime of post-2014?

The answer to that question is self-suggesting: all means are fair for certain
countries which help remove a competitor from the struggle for a narrowing
competitive niche for energy under the shift to peak demand paradigm of

'2“No more than one-third of proven reserves of fossil fuels can be consumed prior to 2050 if the world is to
achieve the 2°C goal, unless carbon capture and storage (CCS) technology is widely deployed... Almost two-
thirds of these carbon reserves are related to coal, 22% to 0il and 15% to gas” (IEA, 2012: 3).

Within the technological chains leading from production/well-head to end-use of any separate type of
NRES (coal, liquid fuel, gas) in each energy/non-energy area of their use.
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international energy development. Therefore, a concept is actively promoted
that Russia is supposedly an unreliable supplier (in particular, when the above-
mentioned transit crises are referred to, one actual concept—risky transit
route—is being apparently swung for another—unreliable supplier).'* Based
on this incorrect but well-presented and broadly disseminated in Western
mass-media perception, another (not well justified and maybe that is the rea-
son why it was not so broadly voiced compared to Russia-Ukraine transit
disputes) policy endeavor was infiltrated into decision making circles in
Europe: to substitute “dirty imported foreign molecules [by] clean domestically-
produced electrons” (Konoplyanik and Borchardt, 2018).

If we take the IEA/IPCC figures as a basis, then the execution of COP-21
(Russia has not yet ratified it) will inevitably launch a chain of domino effects
with (the risk of), inter alia, visible negative consequences for my country.
Voluntary self-restrictions on the demand side, based on the climate agenda,
will inevitably result in a sizeable amount of CPRRs staying out of economic
demand globally. This means that a future potential oversupply is created,
shaped artificially by the climate agenda. Moreover, whether it being an active
present or a perceived future, but excessive supply always presses the prices
down, reducing them. It will then not increase value/cost of NRES in the
subsoil (as Hotelling claimed) but will decrease it due to potential lack of
demand. One may say that this way an ‘anti-Hotelling’s theorem’ or an ‘anti-
Hotelling’s rule’ is shaped/formulated (see Fig. 11.6).

As a result, incentives are created for the fastest extraction/use of these
CPRRes, pressing their prices downward as well. These incentives will result
from competition among producers, their struggle to try to be the first, to
gain a competitive edge in a market shrinking on the demand side (against the
expanding supply scale), so as not to be left unclaimed under the restrictions
on demand imposed artificially by the Paris Agreement. This will accelerate
the advent of the era of cheap oil, not due to any widespread reduction in the
costs of its exploration and production though (e.g. a result of implementing
STP achievements), but because in line with the above society will consciously
be ready to pay an ever lower price for the energy supplied, knowing that this
energy will become even cheaper tomorrow.

Adding the effect of implementing the Paris Agreement (COP-21) to the
accumulated consequential reaction of the world economy to the hike of oil
prices since the 1970s may change the paradigm of future development of the
global energy industry radically!

“For the author’s position on the nature of transit risks, where ‘political’ risks, i.e. the name of transit
country is the last in the hierarchy of legal, regulatory, contractual, technical and only then (finally)
political risks (see Konoplyanik, 2014b, 2018a, b).
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3 The Shift of Paradigm: Risks and Challenges
for Russia

Russia is facing serious macroeconomic challenges. The considered evolve-
ment of events in the global economy (the coming paradigm shift in the
development of the global energy industry) follows a direction forcing my
country out from the sphere of its traditional competitive advantages in the
global competition, which is the sphere of traditional NRES (and it may be
further aggravated/accompanied by targeted attempts to achieve that goal).
The zone of the current competitive advantages of my country lies with its
energy resources. Attempts to oust Russia from that zone mean that it may
appear unready to compete on equal terms in the areas dominated by other
productive resources, where other countries feature competitive advantages in
other industries today (see Fig. 11.1). Speaking of technologies and innova-
tions, my country is very strong of course and more than competitive in its
defense industries, but it will not enable the country to solve all its domestic
problems (compensate for its losses) if Russia turns out to be prematurely
squeezed out of the zone of its traditional competitive advantages in the global
economy. The loss of competitive niches in energy markets as a result of a
deliberate (accelerated) premature reorientation of the global economy to a
carbon-free energy industry will be catastrophic for Russia in case that it will
happens before the transitional measures to diversify Russia’s competitive
presence in non-energy sectors of the global economy bring their spin-off.

3.1 COP-21: The Goal or the Means

The Paris Climate Agreement has become a part of the system of international
law, albeit a ‘soft’ law. The question arises, what is the subject for discussing
this topic? After all, if my country Russia have signed that agreement, it mani-
fests an intention to ratify it, i.e. to put it into practice. Since this author used
to work on preparing a number of international legal agreements for conclu-
sion and worked for quite a long time in a representative international organ-
isation (Energy Charter)" formed on the basis of a multilateral international
legal agreement (with more than 50 member countries), he may claim some
understanding of the logics of forming, structuring, negotiating, preparing
for signing such a multilateral international agreement (including an ‘insider’s

5T have been involved in the Energy Charter process in different capacities since its very beginning, two
weeks after the then Dutch Prime Minister Ruud Lubbers presented on the 25 June 1990 (on behalf of
the EU) the ‘Lubbers’s plan’ for development of the common European energy space.
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view’), as well as its comprehension by participants before and after signing,
during preparation for its ratification by the member states.

Until the agreement is signed, the players most interested in it, who are also
the main drivers of its preparation process and main beneficiaries, as a rule,
concentrate the attention of other participants in the negotiation process (as
well as public opinion, both international and domestic) on the positive ele-
ments of the future agreement. Therefore, as the final phase of preparation of
any agreement approaches, the task of signing it as soon as possible starts to
dominate.'® At that stage quick determination of mutually acceptable (or
seemingly acceptable) outcomes fitting all the participating countries on out-
standing issues (controversial and unclear) to quickly bring negotiations to
the end starts dominating over the efliciency factor, which would be a meticu-
lous clarification of legitimate concerns of the participants and search for the
balanced compromise truly mutually acceptable and not-necessarily limited
by the given time-frame. Therefore, at the final stage of preparation of multi-
lateral agreements, the speed factor may become dominant over the effi-
ciency factor.

When the agreement signed by the participating countries is submitted to
the parliaments of these states for ratification, the process of rethinking the
achieved result often begins; firstly, time (the ‘speed factor’) is not an issue
anymore, and secondly, ‘the collective member effect’ which might be present
during multilateral negotiations (roughly speaking, ‘the crowd effect’ which is
‘to be like everyone else’) is not there either.”” On top of this, negotiators of
the international agreements (at least related to economic issues) are usually
representing executive branch within divisions of state powers, while ratifica-
tion procedures involves representatives of the legislative branch. And it is not
necessarily true that both branches within divisions of state powers have the
same views on the issues in question. That is why at the ratification stage more
attention starts to be paid not only and not so much to real and potential
pluses, i.e. positives, but also to real and potential (and in case of conflict of
the powers—to virtual) minuses, risks and uncertainties, i.e. negatives (per-
haps not noticed previously, either by chance or deliberately). These can blur

*When politicians and/or civil servants see, in practical terms, that the potential end of negotiations is
coming closer and closer, and it is possible to report soon this positive news—successful finalisation of the
negotiations and signing the final agreement, they began to push negotiators to speed up with the aim to
immediately report (and definitely within their term in office) successful results.

170f course, one should not overlook the internal political factors arising at this stage, when the upcom-
ing ratification of an international agreement, especially a multilateral one, on issues that the voters hear
so much about (such as environmental protection and/or climate change); these may become an element
(sometimes a bargaining chip) of the internal political struggle in a given country, especially on the eve of
parliamentary or presidential elections.
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the entire potential positive effect of such a multilateral agreement for a given
individual sovereign country. This is exactly the stage (the moment of truth)
that has come for Russia with respect to COP-21.

Therefore, it is important to draw the attention of the general public to
risks and uncertainties connected with the possible consequences of COP-21
for Russia, which, in my opinion, remain underestimated or overlooked, at
least within the scope of the public discussion, judging by publications in
the media.

The players most interested in the preparation of COP-21 (and its main
potential beneficiaries) are, first of all, the countries that account for the bulk
of atmospheric emissions. In that area Russia is not among the leaders as it is
not one of the main polluters. In 2015, the US accounted for 17% of global
CO, emissions, the rest of the OECD countries accounted for 21%, China
accounted for 27%, and other non-OECD countries accounted for 31%;
Russia’s share then was only 5% (B, 2019).

In this situation a critical re-thinking of what was signed in Paris is there-
fore important for Russia. What does COP-21 mean for Russia with its con-
sequences? It is necessary to use the ratification procedure (the period of time
allotted for it, which according to some authorities may be the period up to
2019-2020, i.e. to be finished soon, maybe even before this book is published)
for critical re-thinking of all the possible outcomes, focusing primarily on the
possible negative consequences of COP-21 for Russia, and how these effects
fit into the system of Russia’s national interests.

The goal of the Paris Agreement (Article 2.1(a)) is to “enhance the imple-
mentation” of the UNFCCC, in particular by “holding the increase in the global
average temperature to well below 2°C above pre-industrial levels and pursuing
efforts to limit the temperature increase to 1.5°C above pre-industrial levels”
(UNFCCC, 2015). This is not an obligation of the ‘hard law’ category (‘the
Parties shall’) that would legally oblige the parties to ensure the result. Rather,
this is an obligation of the ‘soft law’ category (‘the Parties shall endeavor’),
since COP-21 does not have enforcement tools to ensure that this goal is
achieved. However, it goes to say that the participating countries need to
make efforts to limit the rise in temperature to 1.5°C (according to COP-24
as of December 2018 in Katowice). This means they are invited indepen-
dently to undertake the more radical, tougher and more ambitious task of
escaping from traditional, mostly fossil-fuels-based, energy systems towards a
new low-carbon system built primarily on a wider application of RES'® which

'8 Radicals speak of the dominant use of RES, extremists speak of a full-scale replacement of fossil fuels
by RES (author’s use of terminology).
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reorients energy development from the primary extraction of natural resource
(mineral) rent to extraction of technological rent.

The parties to the Paris Agreement “aim to reach global peaking of greenhouse
gas emissions as soon as possible” (Article 4.1). “Each Party shall communicate a
nationally determined contribution every five years’ (Article 4.9). “Each Partys
successive nationally determined contribution will represent a progression beyond
the Partys then current nationally determined contribution and reflect its highest
possible ambition” (Article 4.3).

As mentioned above, the ‘soft law’ system does not provide for any enforce-
ment mechanism, both in terms of declaring national goals and in ensuring
that they are mandatory. The effect of collective behaviour ‘those who are not
with us are against us begins to work here. That is, if you have signed this
agreement, then let us act together (the ‘crowd effect’) so as not to be an out-
cast (not opposed to the general behavioural trend). At worst, one should ‘ot
lose face'. Thus, a certain collective pressure is exerted on all participants, so
that they all voluntarily both sign this agreement and start implementing it
(remember there is no formal enforcement), frequenting more and more
ambitious tasks even more often than every 5 years.

In view of the above, the question arises: are the colleagues/partners/rivals
in global competition forcing Russia to neglect, in a voluntary, fast and very
costly manner, its current global competitive advantages (which mostly reside
in the area of natural NRES) and start competing in the area of other produc-
tive factors, where Russia and other countries have no such competitive
advantage today, neither in capital nor in labour? It is possible that, in time,
having passed through a transition period (provided a relevant state economic
policy would be shaped and implemented), Russia might be enabled to com-
pete in the labour and capital markets on a global scale. But to enter that zone
of future competitive advantages, Russia would need to pass smoothly through
such a transition period first. And this takes time, money and respective gov-
ernment policy.

Therefore, if today (prematurely) some countries are trying to force other
countries to voluntarily leave the zone of its current competitive advantages
and reach the zone where Russia might, with the appropriate domestic eco-
nomic policies in energy and investments, gain such possible future competi-
tive advantages over time, should these other countries not consider COP-21
(not in full, of course, but at least in part) as another tool of global competi-
tion policy used to weaken or remove competitors? In this case the competitor
is the Russian Federation.

Taking into account the above, both risks and new opportunities should
be assessed stemming from the ratification of the Paris Agreement by
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Russia in both its domestic and foreign markets, in its energy industry and
regarding global competition outside the energy sector. Let us start with
the risks.

3.2 Risks and Challenges for Russia in the Oil Sector

Today, there are three major players in the global physical oil market: OPEC
countries led by Saudi Arabia; the US; and Russia. They are the main com-
petitors in the oil sector too. But while Russia and OPEC are the countries
that produce traditional oil, the production of liquid fuels in the US today is
mainly that of shale oil; most importantly, its investment cycle is completely
different from that of traditional oil (Konoplyanik, 2015a, 2016a). The
author’s vision of the comparative location of these producers on the global oil
supply curve is presented in Fig. 11.11.

The logical question is: “Where (on which part of the supply curve) will
they reside tomorrow?” Will they keep their competitive niche in the low-left
part of cost curve with least costly CPRR still in demand by end users (below
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Fig. 11.11 US shale oil and COP-21 influence on global oil supply curve: consequences
for Russia
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the ceiling provided by GHG emission restrictions), or will they proceed to
the upper-right part of cost curve with the costliest and thus potentially
unclaimed volumes of CPRR?

Saudi Arabia was, is and will remain in the lower zone of the spectrum (see
Fig. 11.11). The Kingdom will remain in the lower left zone, while it keeps
producing conventional oil as this is where its current and future marginal
costs land, i.e. the costs of those fields that will go to compensate for the dis-
posal of existing facilities, to compensate for decline in production by the
existing deposits. The costs of oil production in Saudi Arabia will remain so
due to the dominant influence of the natural factor. Meanwhile, production
costs of the US shale and Russian traditional oil will go through the oppo-
sitely directed shifts along the global supply curve, with time.

In terms of production costs, the US and Russia today are in the middle of
the supply curve (in the middle of the CPRR" resource spectrum). The dif-
ference is that the US is producing shale oil, while Russia produces the tradi-
tional one. These two generate fundamentally different investment mechanisms
of oil production, since the life-cycle of traditional oil wells is 15-20 years,
and that of shale oil wells is 2-3 years with a very sharp drop in production
(by 50-60% during the first year and by 80-90% in two years). That is a big
minus for producers of shale hydrocarbons, since they must keep drilling new
wells constantly to compensate for the rapid fall in production rates (to com-
pensate for the loss of production capacity). It builds up their financial indebt-
edness very fast: the financing of investments of shale producers goes via debt
financing, and that deteriorates the bankability (financial quality as debtors)
of these producers as borrowers against the declining oil and gas prices. Credit
is getting more expensive for them, and the debt spiral unwinds while debt
quality deteriorates.

However, continued access to finance and the necessity to constantly renew
production facilities (to intensively drill new wells) enables shale companies
to reduce production costs within the real-time frame. According to ERC
IMEMO RAS experts, this situation does not threaten the industry with
financial collapse. In their opinion, a crisis similar to the 2007 crisis in the US
real estate market will not take place “because only individual enterprises will go
bankrupt, but there is no threat of bankruptcy for the industry as a whole”
(Zhukov and Zolina, 2016).

BP estimates global CPRR oil at 1.7 trillion barrels. Since these estimates were made for the price mar-
gin existing at the moment, at the level of US$110/bbl over the entire first half of the current decade, the
present author placed a hypothetical supply curve within the rectangle of respective coordinates to indi-
cate the competitive advantages of the main competing states in this market.
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It is argued here that the cost of shale oil production in the US will shift to
the left and down the supply curve, since shale oil production is characterised
by a fundamentally different innovation and investment cycle compared to
traditional oil production. It is much shorter (2-3 years vs. 15-20 years for
traditional oil) for shale oil, featuring a much steeper learning curve; within
the framework of the liberal American macroeconomic model, as applied to
the oil and gas industry, it keeps generating innovations continuously, that
work to reduce costs within the framework of that learning curve almost in
real time. In fact, this innovative production cycle is akin to the production
cycle in manufacturing industries, allowing one to operate in a kind of a ‘drill-
ing conveyor’ mode (Konoplyanik, 2015a, 2016a).

In Russia, it is the traditional oil deposits that bridge the balance of oil
production. Such development is characterised by a long, therefore inertial
innovation-investment cycle. Oil fields are located in more and more complex
natural conditions, far from any inhabited well-developed areas featuring suf-
ficient infrastructure. The macroeconomic costs of developing new territories,
forming basic infrastructure and so on, will be imposed on the project costs.
This will lead to increased oil production costs due to the natural factor espe-
cially if the current state tax policy is maintained, determined, as it were, not
by any long-term ‘philosophy of development,” but the short-term, momen-
tary pure-fiscal ‘philosophy of the tax collector’ (Konoplyanik, 2015b, ¢).
Therefore, by moving right-and-up along the supply curve Russia may be
forced into the zone of those two-thirds of the unclaimed resource potential
of CPRR. It is necessary to respond to these risks. First of all, what is needed
is the change in (improvement of) the investment climate in Russian oil and
gas and related industries (Konoplyanik, 2015d).

Hence, one may conclude: when we speak about the marginal fields for
which commissioning is to compensate for the decline in production at
existing fields, US shale production will move its costs left-and-down the
supply curve, and in Russia, with its traditional oil, production costs will
move right-and-upwards along that curve to the zone of deteriorating natu-
ral conditions, provided the current investment climate is maintained.
Since, as IPCC/IEA experts felt, only 1/3-1/4 of the world’s CPRRs will
stay in demand within the scope of shrinking demand in the long term
(under the man-made ‘peak demand’ paradigm), can it be that the new
Russian oil will fall into the range of unclaimed energy resources? Today,
these possible risks and challenges require active discussion and correspond-
ing action with the aim to effectively monetise Russian NRES under new
‘peak demand’ paradigm.
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3.3 Risks and Challenges for Russia: The Investment
Climate

New challenges facing Russia are connected with the state of its investment
climate, including in energy. Russia needs an innovative way of developing its
natural resources. The active supporters and propagandists of that approach
are, for example, RAS Academicians A.N. Dmitrievsky and A.E. Kontorovich
voting for a ‘resource-innovative’ development path for Russia. What is
needed is not an ‘escape from oil, but a three-directional intensification of
measures to preserve and strengthen Russia’s competitive advantages in the
energy sector by monetising its vast energy resources within optimal (from a
national interests view and within ‘cost-benefit’ macroeconomic analysis)
transition to new innovative technological tenor within the overall global
trend to a low-carbon economy based on climate considerations. This should
include ‘new’ energy sector adjustment/reincarnation to new realities, i.e. tak-
ing into account the new paradigm of international energy development.

The first direction of adjustment consists in implementing achievements of
the revolutionary STP in mineral-resource and related industries that produce
equipment for energy industries (engineering, production of goods and ser-
vices for the energy sector), i.e. production of competitive equipment for the
energy economy in its old and new branches. This will lead to lower costs (a
radical drop thereof in the case of revolutionary STP to overcompensate for
the negative impact of the natural factor),* to a higher ROI, but most impor-
tantly—diminish demand for investments in the energy economy against the
retained volumes of primary energy involved in the economic turnover. That,
in turn, will make it possible to more actively convert unconventional energy
resources into conventional ones, to enlarge the area under the Hubberts
Curve to prolong the hydrocarbon era which for Russia could (dependent of
state economic/investment policy) prolong the time and expand the sphere of
its current international competitiveness.

This, of course, should be merged with the demand for low-carbon devel-
opment and (radical—as presented by ‘climate alarmists’) decline in GHG
emissions in a mutually acceptable manner, firstly for Russia and the EU as
parts of the single ‘Broader Energy Europe’ area, which unites the countries
of the whole geographical Europe, Northern Africa, part of Russia’s Asia
(Western Siberia), Central Asian states (soon, probably, Eastern Mediterranean

¥ For example, in the 1980s/1990s the costs of offshore deep-sea oil production off board semi-

submersibles of new types (free of stationary bases) on the Brazilian shelf with water depths below 1 km
appeared to be lower than those of the North Sea stationary platforms (either pile or gravitational) at
water depths of less than 200 metres.
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and, maybe, even Middle East states) with common cross-border immobile
capital-intensive long-distance energy infrastructure. This de facto joint (in a
technical and geographical meaning) infrastructure is an integral part and a
common denominator for finding joint solutions for the low-carbon energy
agenda by balancing both more and/or less radical national views on decar-
bonisation, resulting from a higher and/or lower placement of the climate
agenda in the system of national priorities compared, for instance, with the
task of national economic growth, increases in living standards (per capita
earnings) and quality of life (in which case climate issues might be only part
of the issue).

One of the potential competitive opportunities for the traditional energy
industry could consist, for example, in extending the ‘primary’ energy techno-
logical cycle of NRES beyond its end-use stage by creating effective ‘second-
ary energy technological cycle via efficient use of CO, emitted in the primary
energy cycle. This means to effectively (in an economically justified way) to
absorb and monetise CO, emissions: currently an unwelcome output of the
primary cycle, it should be used as a welcome and effective input into the
secondary cycle. That, however, will only become possible, under the current
state of technological development in regard to CO, utilisation, when CCS
technologies progress from being the end of the current energy technological
cycle (next to today’s final stage in the energy cycle where end-use energy is
split into useful work and losses and emissions, including CO, emissions) to
becoming an integral starting element of the secondary cycle (see also Chap.
2 for a detailed discussion of carbon storage and mitigation technologies).
CCS may be the initial part of the new technological energy cycle, for exam-
ple, a hydrogen one where CO, will no longer be any loss/damage/pollutant,
but a material resource used to produce clean energy such as hydrogen based
on new breakthrough technologies that utilise CO, via, e.g. its methanation
(i.e. conversion into environmentally pure methane). This is the way that
dominant thinking on the EU side has been taking place triggered by Norway
and UK which see new business opportunities such as using depleted North
Sea fields for CCS purposes.

This means that CCS should be translated as ‘carbon capture and storage’.
In this case, the storing of CO, could be considered as a part/start of the new
(secondary) investment cycle—as a part of its utilisation cycle—and its eco-
nomics can be calculated. So far, this is not the case. As of today in the major-
ity of cases CCS shall be translated as ‘carbon capture and sequestration’
(Konoplyanik, 2019a, b). This means that the costs of CCS in economic
terms are not an investment (since it cannot be repaid, paid-back, returned by
CO, productive use) but a pure cost, i.e. CCS costs are a burden.
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However, a more promising route is to develop technological solutions for
the shift to a low-carbon energy economy through a hydrogen path by devel-
oping technologies of hydrogen production from methane without access of
oxygen and thus without CO, emissions (this will be addressed below).

Russia needs a longer transition period from the oil era to a low-carbon
economy, instead of an abrupt transition that leaves no time for adaptation;
Russia needs no leap from the oil era to the low carbon era. Such transition
measures would aim at maintaining a competitive energy supply (means, with
diminishing production costs non-dependent worsening natural conditions
for energy production) as a result of relatively lower investment costs gener-
ated by (first of all, revolutionary) STP achievements in the country, with
direct participation of the state and with its full support. A respective example
is offered by the history of the US shale revolution and the role of the state in
financing R&D that launched that new ‘industrial” revolution (Konoplyanik,
2016a; MIT, 2011).

The second direction is that of increasing energy efficiency, i.e. cutting back
of specific energy intensities and, possibly, in result, of the absolute needs for
primary energy supplies. Some developed market economies have already
fully decoupled economic growth and energy consumption contrary to a
direct linear correlation, almost equal to 100%, at the beginning of their ‘the
long and winding road’?! from energy-wasteful to energy-eficient economies.
This path leads to a relative (but may also result in absolute) decrease in
demand for gross investment in the energy economy. That, in turn, will offer
an opportunity to take a pause in developing the most expensive marginal
resources or a temporary break in their development.* This might possibly
reduce the financial and investment burden on the economy by the energy
economy while exerting the same useful work, with the same amount of
energy supplied. The result may consist in both increasing or maintaining the
volume of primary energy and also sustaining the volume of end-use energy
thanks to lower costs of its production. Meanwhile, reducing the financial and
investment burden on the economy by the energy sector with the amount of
useful work unchanged suggests a possibility to concentrate the released

! Citation from The Beatles' “The Long and Winding Road’ song from their 1970 album ‘Let It Be'.

22In particular, one may consider present-day practical development of the Arctic shelf employing exist-
ing technologies, i.e. those achievements of evolutionary STP, which prevent Russia from reaching fur-
ther than the shallow-water arctic coasts, so far, at certain environmental risks (Konoplyanik et al., 2015).
Such a pause would allow one to concentrate on the relevant achievements of the revolutionary STP. Tt
should be understood though (consider the example of the US shale revolution) that the innovation and
investment cycle for breakthrough technologies, such as robotised underwater and subglacial technolo-
gies, may be quite long in duration: the US shale gas revolution took about 30 years (Konoplyanik,
2016a).



324 A. Konoplyanik

resources on R&D for revolutionary STP in the new energy spheres and other
industries.

The third direction is that of increasing the efficiency of using financial rev-
enues from the energy sector to reduce the tax burden on it in its role of a
state’s budgetary donor. The current Russian tax system in the subsoil (based
on mineral resource production tax plus export duty) is not optimal, to put it
mildly (Konoplyanik, 2015b, c).?* Added to that are the issues of rational and
efficient use of budgetary funds: consider, for example, the corruption com-
ponent or ‘corruption tax’ of the Russian economy, which may reach at least
20%, as was declared at the highest state level (Konoplyanik, 2015d).

The foregoing are those possible thrusts aimed to sustain and extend the
transition period from the hydrocarbon era to another (low carbon) energy
era, i.e. hold Russia in the sphere of its competitive advantages in interna-
tional markets against the coming change in the development paradigm in
international energy. The task is to ensure holding Russia in the sphere of its
competitive advantages within the framework of the global competition at the
innovative technological level of the new tenor of technology based on the
achievements of the revolutionary STP.

3.4 Risks and Challenges for Russia in the Gas Sector

As noted above, IEA calculations show that 2/3rd of the accumulated future
potential CO, emissions due to the combustion of CPRR NRES account for
coal, 22% for fuel oil and 15% for gas (IEA, 2012). The question arises: if 2/3
of the emissions are coal-related, and only 15% are with gas, then why was
Russian gas the main target of the struggle, supposedly within the climate
agenda? It is argued here that the answer must be sought in the zone of the
expected US LNG competition against Russian pipeline gas in Europe within
the narrowing competitive zone for natural gas. As certain European politi-
cians claim, natural gas is just one of the types of fossil fuel and thus is as bad
as other fossil fuels from a GHG emissions view, even if it is the least polluting
fossil fuel from an environmental point of view. If so, then one would seek to
remove a competitor at all costs. Hence, the struggle against the Russian pipe-

»'This author has long been a steady opponent to the current fiscal-oriented, non-differentiated tax sys-
tem, which is not project-based but rather corporate-based. This type of Russian subsoil taxation has been
developed since the early 1990 under the dominant pressure of the Russian Ministry of Finance. This
author has developed (as a head of drafters) an alternative tax regime for Russia’s subsoil use based on
production-sharing agreement (PSA) experience. This regime was passed into law, but due to later devel-
opments only three projects have been developed today in Russia under a PSA regime: Sakhalin 1 and 2
and Khariaga (Konoplyanik, 2013d).
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line gas as one of the fossil fuels has been converted (Gazprom’s gas, Putin’s
gas) into the struggle in favour of US LNG. These are (some of) the (immedi-
ate) risks of decarbonisation (the climate agenda) for Russian gas in Europe,
the main former, current and future export market for the Russian gas within
what this author has termed the ‘Broader Energy Europe’ vision.

Actually, decarbonisation (the climate agenda and its accelerated imple-
mentation in the EU) opens up new (potential) opportunities for Russian gas
on the European market. Let us consider these multidirectional consequences
of decarbonisation (the European climate agenda) for Russian gas in
more detail.

3.4.1 Playing Against Russia/Gazprom (by Changing the Rules
and/or Abandoning Them) in a Shrinking Competitive
Niche for Gas in Europe: New Risks of Non-competitive
Behaviour?

Many experts and organisations® have shown that US LNG can be competi-
tive with Russian gas in Europe under the current conditions if only current
cash costs are taken into account (SRMC/OPEX) with disregard to anything
else, i.e. not considering the full costs (LRMC/CAPEX+OPEX). All invest-
ment decisions concerning the US LNG projects were made during a period
of high world oil prices: US$100-100/bbl range in the first half of the 2010s
before collapsing in mid-2014. All US LNG projects were designed to gain
the Asian premium in the LNG market as the first/preferential option: after
the Fukushima nuclear power plant accident in Japan in 2011, prices for
LNG in the Asia-Pacific (in North-East Asia, at the key Japan-Korea market)
were steadily higher than those in other regions and even more so than those
in the US domestic gas market.

PP-indexation built into the Russian LTGEC kept the then prices for
Russian gas in Europe high, which, given the oversupply of gas on the EU
market, could have made it uncompetitive against US LNG, if the latter was
delivered to Europe, should the oil prices remain high and Russian
PP-indexation prolongs when US LNG export begins.

Until the beginning of 2016 (before the start of US LNG exports), the US
remained an energy island. The growth of shale gas production led to a drop
in its prices in the US domestic market. The drilling for shale gas continued
(to keep the license areas) mainly within the scope of debt financing. This

2 Cf. Konoplyanik (2016b, c, 2017b).
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means that that industry is significantly over-credited today in anticipation of
the possibility to start exporting the US LNG, enter foreign markets with
their higher prices and gain the opportunity to reduce (pay off in the long
run) the accumulated debt of the US shale gas companies. These companies
represent the largest segment in the US ‘junk bond’ market today, i.e. finan-
cial instruments with speculative ratings (below ‘BB-’), while bond place-
ments are the main instrument of project/debt financing (Konoplyanik,
2015a, 2016a).

However, in mid-2014, world oil prices dropped by half, which altered
dramatically (worsened) the competitive prospects of US LNG in export mar-
kets against gas with oil peg (both against the LNG in Asia-Pacific and pipe-
line, i.e. Russian, gas in Europe) (Konoplyanik and Sung, 2016). This author
is not a supporter of the views claiming that the global oil prices will rise and
drag gas prices along with them, thereby increasing the competitiveness of US
LNG in Europe. The current price situation in the European market, in which
the sale of US LNG in Europe covers only its current cash costs, will persist
for quite a long time.

Under these conditions, the possible goal of fighting against Russian gas in
the EU is purely pragmatic and utilitarian: try to remove a competitor of the
US LNG away from the shrinking competitive niche for gas in the EU, in
which the winner is the one with a lower cut-off price in the target market.
When the EU is the target gas market and both US LNG and Russian pipeline
gas are to balance it, the latter has the lower level of cut-off price at the con-
sumer level (Konoplyanik, 2016b, ¢, 2017b). In part, this shrinking competi-
tive niche for NRES is the result of the agenda that the Paris Climate Agreement
sets (top-down cap on demand through limitations of GHG emissions).

If so, when it is impossible to remove a competitor in an honest struggle,
relying on market forces, how else can one remove that competitor? By creat-
ing administrative and/or other barriers for the competitor to access the mar-
ket, worsening artificially its (in this case Russian pipeline gas) competitiveness
in Europe. Another strategy is to create an unfavorable image of the competi-
tor: as if it is not too reliable a source of supply on offer to European custom-
ers, on top of this, a product not too clean environmentally while environmental
issues are of top priority and sensitivity in the EU. It is argued here that this
anti-Russian propaganda (both in gas and beyond gas) is being done (includ-
ing by the joint efforts of the US and the EU) in favour of US LNG in Europe
since it has been repeatedly shown that it is less competitive compared to
Russian pipeline gas in Europe (Konoplyanik, 2018c, d, e, 2019¢, d, e, f).

All the pieces (just a few examples are provided below) of the puzzle fall
together tightly forming a single group according to their origin—with the
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intention to diminish the role of Russian gas in the EU market (in favour of
US LNG, according to this author’s understanding) since it is Russian gas that
seems to win the economic competition under the new ‘peak demand’ para-
digm which sharpens the competitive niche for gas in Europe under its pro-
claimed movement to a low-carbon future:

1. Recent Western studies tried to demonstrate that Russian gas is allegedly
the ‘dirtiest’ compared with Algerian, Qatari, and Norwegian gas. The fal-
lacy of these conclusions was substantiated within the framework of Work
Stream 2 ‘Internal markets” of the Russia-EU Gas Advisory Council (WS2
GAC) (Miller-Syring et al., 2017; Kuhn and Romanov, 2017),% but this
has already entered European public consciousness and taken on a life
of its own;

2. The constantly emerging obstructions aimed to stop development of the
pipelines destined for Russian gas and meant to either avoid transit (under
Northern routes—Nordstream 2 pipeline, since Nordstream 1 is already
built) or to diminish the number of transit states (under Southern routes—
former South, now Turkish Stream pipeline) on the route to the EU.
However, their construction is aimed to improve reliability of Russian gas
supplies to the EU% (to reduce existing transit risks, cf. Konoplyanik,
2014b, 2018a, b, £, g, h) after the transit contract with the Ukraine expires
in 2019 while the EU long-term supply contracts remain valid after 2019
and continue through to mid-2030s. Since respective gas delivery contrac-
tual points are placed far in the depths of Europe, and it is responsibility of
the supplier (exporter) to deliver its gas to delivery points, the bypass pipe-
lines (now a part of the newly developed circle-radial supply system) can
reach there. Thus, 2019 is a relevant time for reassessment and reprioritisa-
tion of export flows to the EU (an advanced reorganisation of the transpor-
tation capacity export system from a linear (radial) system established
during the USSR within the COMECON political geography® to a circle-
radial system of Russian gas supplies to the EU?® which is more adequate

»These and other materials of WS2 GAC can be found at http://www.fief.ru/GAC htm.

26 As the contractual responsibility for proper delivery of Russian gas, in terms of time, volume, quality,
etc. to delivery points in the EU falls on the supplier.

% Justified then under the USSR GOSPLAN philosophy ‘one market—one pipe’ when all Soviet gas
export deliveries to Western Europe were under the control of corresponding Soviet authorities from the
well-head deep in the USSR to the delivery points at the EU-COMECON border.

#Which now reflects the diversification principle of improving reliability of supplies and energy security
where ‘diversification of routes” favours both the importing and exporting states and provides them free
choice to select (if geographically and politically possible) the preferential routes uniting them either
directly (without transit) or through this or that transit state(s). Since supply responsibility lies with the
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to current political geography and regulatory systems in gas in Europe
(Konoplyanik, 2014b, 2018a, b, f, g, h). When the construction of new
pipelines is over, the structure of Russian gas flows to the EU will be
changed. Key gas flows will go through the new modern pipelines (‘circle’
part of the ‘radial-circle’ transportation system) with full economic utilisa-
tion of its capacity (helping to diminish transportation tariffs and thus
creating preconditions to win supply competition at the oversupplied EU
market if/when the gas (commodity) prices go further down). But the
radial part of the new ‘radial-circle’ system will also stay in demand (if
adequately modernised and provided competitive tariffs): these historical
linear corridors (as an integral element of the new ‘radial-circle’ system)
will provide flexibility for the EU and will help Russia to balance flexible
gas demand at the EU market with least costs and thus be able compete
with more costly US LNG. In this scenario, the Ukrainian GTS will play
the role of the swing/balancing route for the EU gas market (but only if it
is adequately modernised) similar to the role that Saudi Arabia has been
playing in the physical oil market. This new role for the Ukrainian GTS
will be different but not less important within the ‘Broader Energy Europe’
than its historical past role as a key transit corridor for Soviet/Russian gas
to the EU;

3. Another piece of puzzle has lasted for 7-year meddling by the EU with the
issue of full utilisation of the OPAL gas pipeline capacity (an onshore
extension of the Baltic sea route of Russian gas supplies to the EU bypass-
ing the Ukraine) which was for long allowed to be used only by 50% based
on an arguable interpretation of the provisions of the Third Energy pack-
age. Nordstream 1, OPAL and Gazelle pipelines are just the integral parts
of the single pipeline system aimed to deliver Russian gas by the non-
transit route to the same delivery points in the EU where supplies have
been historically delivered to through the Ukrainian transit corridor.
Prohibition to utilise full OPAL capacity means worsening economics of
the whole pipeline system, thus increasing transportation costs and dimin-
ishing supply margins for Russian gas through this route. This worsened
(through artificial administrative barriers) the competitiveness of Russian

gas in the EU delivered through this route;

exporter, it is their legal right (which is in line with the EU legislation of the unbundled internal EU gas
market) and preference/priority to select the least risky route to the destined market. A transit state has
no legal rights to demand that exporter shall define for transit the territory of this particular transit
state—it can only persuade the exporter by providing them with the least risk and best economic condi-
tions for transit compared to alternative routes which the exporter will assess within their own system of
arguments regarding transit risks (Konoplyanik, 2014b, 2018a, b, f, g, h).
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4. Another mechanism of creating an unfavorable image is the incessantly
repeated claim that Russian gas is an unreliable source of supply to the EU.
That is a shameless substitution of notions: instead of talking about Russia
as an unreliable source of supply, one should talk about the unreliable/
risky transit route for Russian gas supplies to the EU across the territory of
the Ukraine;

5. The creation of artificial administrative and economic barriers for Russian
gas in the EU under the umbrella of improving efficiency of the regulatory
system for the EU internal gas market. One of the most recent examples of
this kind is the Commission’s Quo Vadis project (2016-2017)
(Konoplyanik, 2017b, ¢, d, e, f, g, 20184, j). This has provided a few sce-
narios of (rather radical, from my view) changes in the regulatory system
in the EU in favour of US LNG and against Russian pipeline gas which
lead (if implemented) to the diminishing welfare of EU citizens. In the
end, following intensive debate, the European Commission has called it
‘just an intellectual exercise’. However, it is argued here that concerns
remain that provisions of this project may be adopted by the new
Commission as its roadmap for regulatory actions; and

6. Direct promotion of US LNG against Russian pipeline gas in the EU
(Konoplyanik, 2018¢, d, e, k, 2019¢, d, ¢, f).

3.4.2 Additional Opportunities (New Challenges) for Russia/
Gazprom in the EU as a Result of Decarbonisation
of the European Gas Industry?

Meanwhile, decarbonisation and the paradigm shift create new prospective
challenges for Russian gas in Europe which might be mutually beneficial for
both parties.

Historically, primary energy supplies internationally consisted of chemical
(NRES) and electrical (RES) energy. Part of the primary chemical energy of
NRES was converted into electrical with CO, emissions and both were used
in end-use. After the climate agenda moved to the top of EU priorities, a new
vision appeared (called here the ‘First EU energy vision’) to move the EU to a
RES-only energy market, i.e. to make it ‘digital, electrical, renewable’. This
would have left no long-term challenges for gas (non-dependent its origin) in
the EU except to consider gas as just a ‘transition fuel’ for some limited period
leading to the bright RES-based EU future (Fig. 11.12).

But since early 2018 this unrealistic concept was adapted to the more real-
istic ‘Second EU energy vision’, which has created new prospective challenges
for Russian gas in Europe.
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Primary energy End-use energy

Yesterday in EU
(yesterday & today
beyond EU)

First EU energy vision (up
to end-2017)

EU (1) Energy Future = “digital, electrical, renewable” => RES-based => evolution of the thesis since then

Second EU energy vision
(since early 2018)

I EU (2) Energy Future = ”dlgltal electrical, renewable + gaseous” => RES + decarbomzed gases => what’s that?

Current state of debate
(EU/GAC WS2) — to identity
challenges & bifurcations
(Third EU energy vision ?) :

...in competition with
imported LNG to EU:
(i) EU Quo Vadis => NRES=non-renewable energy sources
barriers for Rus gas?, RES=renewable energy sources
(ii) US LNG => unfair CC(U)S=carbon capture, (utilization),
competition? Source: A. Konoplyanik storage/sequestration

Fig. 11.12 Evolution of EU low-carbon policy/vision and prospects of Russia-EU coop-
eration within GAC WS2: challenges and bifurcations

From this author’s view (cf. Konoplyanik, 2019h) this challenge appeared
in January 2018 with the first public interview of the then Commission
Director on Internal Energy Market (now Deputy Director General, DG
ENERGY) Klaus-Dieter Borchardt (Borchardt, 2018). He stated that the pre-
vious vision within the EU of the bright energy EU future as ‘digital, electri-
cal, renewable’ would be corrected to the new formula, meaning the same plus
‘decarbonised gases’. This opened the door for and enabled the Russia-EU
professional informal discussion on what Walter Boltz, co-chair of WS2 GAC
from the EU side, has expressed as ‘to find out how Russia can help the EU to
move to its low carbon energy future’ despite the quite different national pri-
orities of Russia and the EU in this area. So the question is: how to find the
common denominator between the two based on joint commercial interests
while common technological denominator between Russia and the EU in
energy, especially in gas, which closely unites both parties, has already existed
for a long time. This is, as mentioned above, a technically joint/common
cross-border capital-intensive long-distance immobile gas infrastructure.

The current state of this discussion is to identity challenges and bifurcations
within this ‘Second EU energy vision’. Today the second, newly added, seg-
ment in the formula ‘RES plus decarbonised gases’ requires clarification. The
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option which seems to be of mutual benefit and which corresponds to
W. Boltz’s formula is to consider three key technological avenues of hydrogen
production instead of only two which are considered today in most public
debate within the EU. Those two are electrolysis (producing, in EU terminol-
ogy, so-called ‘green’ hydrogen—from the water) and steam reforming (pro-
ducing, in EU terminology, so-called ‘blue’ hydrogen—from natural gas).
Electrolysis is ten times more energy intensive than hydrogen from methane
production, and hydrogen produced is not clean if the electricity is taken
from the grid (20% of EU electricity production is coal-fired). Steam reform-
ing of natural gas resulted with CO, emissions; this means that CCS is rele-
vant for this technology which adds 20-30% or even more to the cost budget
(Konoplyanik, 2018f, 2019g).

The third, less frequently discussed, avenue is hydrogen production from
natural gas without access of oxygen which means no CO, emissions. This
might be the optimal way for Russia-EU cooperation since it could diminish
the cost burden of decarbonisation on EU citizens, on the one hand, and will
provide Russia to additionally monetise its vast gas resources under the EU
decarbonisation scenario, on the other hand. Expansion from two to three
technological avenues of hydrogen production and their treatment in a tech-
nologically neutral way (under principles of fair competition) might lead to
the “Third EU energy vision’ which could create the fair basis for a mutually
acceptable solution of ‘how Russia can help the EU to move to its low carbon
energy future’ in the least costly way for the EU with increasing monetisation
of Russian gas resources, thus improving welfare for both parties.

Having in mind three key technological avenues of hydrogen production,
the following innovative low-emission methane-hydrogen scenario for the
low-carbon EU energy future within its argued “Third EU energy vision” can
be presented, consisting both of ‘structural’ and ‘technological’ decarbonisa-

tion (Fig. 11.13):

1. Step I: Structural decarbonisation;

2. Step 2: Technological decarbonisation based on existing technologies and
infrastructure; and

3. Step 3: Deep technological decarbonisation based on innovative techno-

logical breakthroughs.

This author calls this proposed road map a ‘three-steps of Gazprom’s/
Aksyutins path’ since it was worked out and publicly presented by Oleg
Aksyutin, now Deputy CEO of Gazprom (Aksyutin, 2018; Aksyutin et al.,
2018), including in Gazprom’s comments to the European Commission
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The expert assessment is made on the basis of data on:

- Carbon intensity from different fuels (U.S. Energy Information Administration estimates);

- Carbon footprint of various motor fuels (European Natural gas Vehicle Association report, 2014-2015);

- EU GHG emissions (1990 - 2016 National report on the inventory of anthropogenic emissions by sources and GHG removals by sinks not controlled by the MontrealProtocol , IEA)

SOURCE: Aksyutin (2018). Adapted from the European Commission (2018).

Fig. 11.13 Innovative low-emission methane-hydrogen scenario for the low-carbon
EU energy future within its argued “Third EU energy vision”: three-steps of Gazprom'’s/
Aksyutin’s path

Communication ‘Strategy for long-term EU greenhouse gas emissions reduc-
tions’ (European Commission, 2018).

Figure 11.14 presents the Russia-EU challenges and bifurcations for a low-
carbon EU energy future, as seen by this author, which sets the agenda for
WS2 GAC discussions on decarbonisation issues. It is argued here that we
have passed within WS2 GAC through bifurcations N1 and N2. Bifurcation
N3 remains as a topic for intensive further debate.

It is also argued here that we are very close to reaching mutual understand-
ing in the WS2 GAC on bifurcation N4 (Fig. 11.15). 80% of CO, emissions
within the Russia-EU cross-border gas value chain are downstream, at the
consumer end and within the EU. This means that, as a sensible and mutually
preferential option, decarbonisation downstream (at the point of end-use,
within the EU, where most of the emissions occur) should be based on Russian
gas export and (export of Russian and/or jointly developed, if commercialised
and competitive) technologies of hydrogen production without CO, emis-
sions. This should be based on fair competition, technological neutrality,
mutual complementarity of ‘blue” hydrogen technologies both with (Norway/
Equinor’s path, including CCS) and without CO, emission (Russia/ Gazprom’s
path, without—since there is no need of—CCS).

Further, it is argued here that this is where additional opportunities and
new challenges for Russia/Gazprom in the EU as a result of decarbonisation
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1) All-electric (RES-based) vs. electric + gaseous (RES + decarbonised gases) EU
energy future

2) RES + decarbonised gases: “RES (electricity) + RES (renewable gases)? [(H2 =
P2G = green H2 only) + biogases] vs. RES (electricity) + RES (renewable gases)
+ non-renewable gases
a. Green H2 = RES electricity (available tech, but small & not-bankable), or
b. “Green” H2 = electricity from the grid (available tech, but not green)

3) RES + Decarbonised (renewable & non-renewable) gases: green H2 + blue H2
with CO2 vs. green H2 + blue H2 with/without CO2 => what “blue” H2 is?:
a. Blue H2 with CO2 => CC(U)S needed => available tech, but more costly, less bankable
(Norway’s path)
b. Blue H2 without CO2 => no need in CC(U)S => not yet commercialized tech for H2(*), but can
be less costly (since no CC(U)S), more bankable => Russia’s/Gazprom’s path (three-steps

“Aksyutin’s path” - A.K.) => but in the common interests of both EU & Russia to jointly
commercialize (now for H2 as main product) from current R&D?

4) Where to decarbonize within cross-border gas value chain?: upstream vs.
downstream

a. Upstream (in Russia) — not in multilateral interests
b. Downstream (within the EU) — within multilateral interests

Green H2 (EU/CertifHy): generated by RES (Bio/Hydro/Wind/Solar) with carbon emissions 60% below the benchmark emissions intensity
threshold (= GHG emissions of the hydrogen produced by steam reforming of natural gas representing 95% of current merchant market).
Blue H2 (EU/CertifHy): created by NRES (Nuclear electricity/Fossil with CC(U)S i.e. with to-be-utilized CO2) with emissions below the same
threshold => NOT considering Blue H2 without CO2 i.e. without CC(U)S (seems to be the general understanding within the EU)

In both cases emissions shall be less 60% of medium industry levels (under steam reforming), so both green & blue H2 under EU definitions
have the same limit of GHG emissions and same influence on climate (*) except 1998-2001 in Canada for black carbon

Source: A. Konoplyanik

Fig. 11.14 Low-carbon EU energy future & Russia-EU challenges & bifurcations:
agenda for GAC WS2

GAS CHEMISTRY,
ETC.

' ONLY GAS
wi...] METHANE PRODUCTION

\

Xl NA(T;XgA'- <=

N

ONLY Efficient technologies
CONSUMERS of H, production

orrvorocen | HYDROGEN without CO,

emissions

POTENTIAL

CONSUMERS | X % I CH4
OF DIFFERENT Y 9 I
METHANE- 0 *

HYDROGEN | 7 % <l H
2

BLENDS

GAS TRANSPORTATION
VIA PIPELINES

SOURCE: Aksyutin, Ishkov & Romanov (2018)

Fig. 11.15 Selection of location for hydrogen production within Russia-EU gas value
chain

of the European gas industry exist and ‘how Russia can help the EU to
move to its low carbon energy future’. It is quite clear to me that with our
joint Russia-EU efforts in this area we can manage to reach better
results for all.



334 A. Konoplyanik

References (All below-mentioned references of
this author are available from his website www.
konoplyanik.ru.)

Aksyutin, O. 2018. Future Role of Gas in the EU: Gazprom’s Vision of Low-Carbon
Energy Future. 26th Meeting of GAC WS2, Saint-Petersburg, July 7, 2018. www.
fief.ru/GAC.

Aksyutin, O., Ishkov, A. and Romanov, K. 2018. Potential of Natural Gas
Decarbonization: Russian View of the Cross-Border Gas Value Chain. 27th
Meeting of GAC WS2, Brussels, December 7, 2018. www.fief.ru/GAC.

Borchardt, K.D. 2018. A Comprehensive View on the EU Energy Future from the
EU Commission Director for Internal Energy Market. Florence School of
Regulation, January 22, 2018. https://www.youtube.com/watch?v=N7GBa3YyY
KY&feature=youtu.be.

BP. 2015. BP Technology Outlook. Technology Choices for a Secure, Affordable and
Sustainable Energy Future, November 2015. https://www.bp.com/content/dam/
bp-country/de_ch/PDF/technologie/BP-Technology-Outook.pdf.

BP. 2017. BP Statistical Review of World Energy, June 2017. heeps://www.bp.com/
content/dam/bp-country/de_ch/PDF/bp-statistical-review-of-world-energy-
2017-full-report.pdf.

BP. 2019. BP Statistical Review of World Energy 2019: An Unsustainable Path, June
2019. https://www.bp.com/en/global/corporate/news-and-insights/press-releases/
bp-statistical-review-of-world-energy-2019.html.

Bushuev, V.V,, Konoplyanik, A.A. and Mirkin, Y.M. 2013. O/ Prices: Analysis, Trends,
Forecast. Energiya Publishing House (in Russian).

Chevalier, ]-M. 1973. Le nouvel enjeu petrolier. Paris: Calman-Lévy.

Chevalier, ]-M. 1975. Oil Crisis. Moscow: Mysl Publishing House (In Russian).

Dale, S. 2017. BP Energy Outlook 2017: Presentation in IMEMO RAS at the ‘Oil
& Gas Dialogue’ Seminar, February 7, 2017.

Energy Charter Secretariat. 2007. Putting a Price on Energy: International Pricing
Mechanisms for Oil and Gas. https://energycharter.org/fileadmin/Documents
Media/Thematic/Oil_and_Gas_Pricing 2007_en.pdf.

European Commission (EC). 2018. PJSC Gazprom’s Feedback on Strategy for Long-
Term EU Greenhouse Gas Emissions Reduction to 2050. hteps://ec.curopa.cu/
info/law/better-regulation/initiatives/ares-2018-3742094/feedback/F13767_
en?p_id=265612

Hotelling, H. 1931. The Economics of Exhaustible Resources. Journal of Political
Economy 39(2): 137-175.

Hubbert, M.K. 1949. Energy from Fossil Fuels. Science 4(109): 103—109.

Hubbert, M. K. 1956. Nuclear Energy and the Fossil Fuels. Presented before the
Spring Meeting of the Southern District Division of Production American
Petroleum Institute Plaza Hotel, San Antonio, Texas March 7-9, 1956. Publication
No. 95, Shell Development Company, Exploration and Production Research
Division (Houston, Texas, June 1956).


www.konoplyanik.ru
www.konoplyanik.ru
http://www.fief.ru/GAC
http://www.fief.ru/GAC
http://www.fief.ru/GAC
https://www.youtube.com/watch?v=N7GBa3YyYKY&feature=youtu.be
https://www.youtube.com/watch?v=N7GBa3YyYKY&feature=youtu.be
https://www.bp.com/content/dam/bp-country/de_ch/PDF/technologie/BP-Technology-Outlook.pdf
https://www.bp.com/content/dam/bp-country/de_ch/PDF/technologie/BP-Technology-Outlook.pdf
https://www.bp.com/content/dam/bp-country/de_ch/PDF/bp-statistical-review-of-world-energy-2017-full-report.pdf
https://www.bp.com/content/dam/bp-country/de_ch/PDF/bp-statistical-review-of-world-energy-2017-full-report.pdf
https://www.bp.com/content/dam/bp-country/de_ch/PDF/bp-statistical-review-of-world-energy-2017-full-report.pdf
https://www.bp.com/en/global/corporate/news-and-insights/press-releases/bp-statistical-review-of-world-energy-2019.html
https://www.bp.com/en/global/corporate/news-and-insights/press-releases/bp-statistical-review-of-world-energy-2019.html
https://energycharter.org/fileadmin/DocumentsMedia/Thematic/Oil_and_Gas_Pricing_2007_en.pdf
https://energycharter.org/fileadmin/DocumentsMedia/Thematic/Oil_and_Gas_Pricing_2007_en.pdf
https://ec.europa.eu/info/law/better-regulation/initiatives/ares-2018-3742094/feedback/F13767_en?p_id=265612
https://ec.europa.eu/info/law/better-regulation/initiatives/ares-2018-3742094/feedback/F13767_en?p_id=265612
https://ec.europa.eu/info/law/better-regulation/initiatives/ares-2018-3742094/feedback/F13767_en?p_id=265612
https://ec.europa.eu/info/law/better-regulation/initiatives/ares-2018-3742094/feedback/F13767_en?p_id=265612

11 On the New Paradigm of International Energy Development... 335

IEA. 2012. World Energy Outlook 2012: Executive Summary. https://www.iea.org/
publications/freepublications/publication/English.pdf.

Konoplyanik, A. 2004. Energy Security and the Development of International
Energy Markets. In: Barton, B., Redgwell, C., Ronne, A. and Zillman, D.N.
(Eds.) Energy Security: Managing Risk in a Dynamic Legal and Regulatory
Environment. Oxford: International Bar Association/Oxford University Press,
pp. 47-84.

Konoplyanik, A. 2013a. Global Oil Market Developments and Their Consequences
for Russia. In: Goldthau, A. (Ed.) 7he Handbook of Global Energy Policy. Wiley-
Blackwell Publication, Chapter 28: pp. 477-500.

Konoplyanik, A.A. 2013b. The Unipolar Oil World Is a Real Prospect. Economic
Policy: Expert Channel, September 5 (in Russian).

Konoplyanik, A.A. 2013c. The Evolution of Oil and Gas Markets: Patterns of
Movement from Physical Markets to Paper Energy Markets. In: Makarov, A.A.
(Ed.) The Seventh Melentiev Readings. Collect. Sci. Proc. Moscow: Institute for
Energy Research RAS, pp. 163178, 2013. (in Russian).

Konoplyanik, A. 2013d. Alternative Investment Regimes for Direct Foreign and
Domestic Investments in Russian Subsoil. 7he Harriman Review Occasional
Paper 19(1).

Konoplyanik, A.A. 2014a. American Shale Revolution: The Consequences Are
Inevitable. £CO 5: 111-126 (in Russian).

Konoplyanik, A. 2014b. Economic Background of the Gas Problems Within the
Triangle Russia—The EU—Ukraine and Possible Ways to Solve Them. Institute
for Macroeconomic Forecasting RAS, Open Scientific Seminar ‘Economic
Problems of Energy Industries (A. S. Nekrasov Seminar),” 152th Meeting, October
21, 2014, Moscow, 2014 (in Russian).

Konoplyanik, A. 2015a. Whether Low Oil Prices Put an End to Oil Indexation in
Gas? What Are Alternative Ways & Means to Obtain Maximum Marketable
Resource Rent in Term Gas Contracts? Presentation at the 8th ENERGETIKA-
XXI: Economy, Policy, Ecology International Conference (Saint-Petersburg,
11-12 November, 2015).

Konoplyanik, A.A. 2015b. ‘Kudrin’s Scissors,” Siluanov’s ‘Sickle,” What's Next? Oi/ of
Russia 10: 18—24 (Part 1); 11-12: 10—15 (Part 2) (in Russian).

Konoplyanik, A.A. 2015c. Accounting Arithmetic or Development Economics:
Budgetary Problems from the Point of View of Taxation of the Oil and Gas
Industry. ‘NG-Energy’ Monthly Supplement to ‘Nezavisimaya Gazeta, October
11, 2015 (in Russian).

Konoplyanik, A.A. 2015d. To the Agenda of the Presidential Commission on Energy.
Oil and Gas Vertical 20: 52—55 (in Russian).

Konoplyanik, A. 2016a. The US Shale Gas Revolution and Its Economic Impacts in
the Non-US Setting: A Russian Perspective. In: Hunter, T. (Ed.) Handbook of
Shale Gas Law and Policy. Intersentia, pp. 65-106.


https://www.iea.org/publications/freepublications/publication/English.pdf
https://www.iea.org/publications/freepublications/publication/English.pdf

336 A. Konoplyanik

Konoplyanik, A. 2016b. The Paris Climate Agreement (COP-21): New Challenges
for the Global and Russian Energy Industry. Invitation to Discussion. Presentation
at a Meeting of the Academic Council of the Institute for Energy and Finance
Foundation, Moscow, December 15, 2016 (in Russian).

Konoplyanik, A. 2016¢. US LNG vs Russian Pipeline Gas in the EU: To Get Rid of
the Rival? Presentation at the Free Webinar ‘US LNG and European Gas Market,
Organized by Vostok Capital Prior to ‘LNG 2017 Congress Russia’, Moscow—
London, October 26, 2016.

Konoplyanik, A. 2017a. Counter ‘Domino Effects. Oil of Russia 5-6: 4-11
(in Russian).

Konoplyanik, A. 2017b. EU ‘Sanitary Cordon’ on the Way of Hydrocarbons
(Attempts to Regulate European Market of ‘Blue Fuel’ Leads to the Limitations of
Presence of Domestic Companies in the ‘Old World’). NG-Energy’, Monthly
Supplement to ‘Nezavisimaya Gazeta’, October 10, 2017, 12—13 (in Russian).

Konoplyanik, A. 2017c. Clearing of the Market: How They Would Like in the EU to
Change the Rules of Purchasing Russian Gas. RBC-Daily, July 31, 2017
(in Russian).

Konoplyanik A. 2017d. One Way Drive. Oil and Gas Vertical 15-16: 52-57
(in Russian).

Konoplyanik, A. 2017e. EU Quo Vadis: A Theoretical Exercise with an Anti-Russian
Flavour? Global Gas Perspectives, October 19.

Konoplyanik, A. 2017f. Quo Vadis: An Assessment of the Efficiency of the Third
Energy Package or Preparation of the New ‘Curzon Line’? Oil, Gas and Law 4:
42-53; 5: 47-56; 6: 51-59 (in Russian).

Konoplyanik, A. 2017g. An Assessment of the Efficiency of Implementation of the
Third EU Energy Package and the European Commission’s Project Quo Vadis.
Gas Industry Special Issue 4(75): 36—46 (in Russian).

Konoplyanik, A.A. 2018a. A View on the Evolution of Russia’s Gas Export Strategy
Within Changing Global Economic and Gas Landscape. Presentation at the
‘GECF Monthly Gas Lectures’ Series, Gas Exporting Countries Forum (GECF),
Qatar, Doha, October 15, 2018.

Konoplyanik, A.A. 2018b. A View on the Evolution of Russia’s Gas Export Strategy
Within Changing Global Economic, Political & Gas Landscape. Presentation at
the 3rd World Gas & LNG Conference-Exhibition, ‘Novotel Sheremetievo’
Hotel, Moscow, Russia, October 18-19.

Konoplyanik, A. 2018c. Positive Discrimination: What Is the Role of LNG from the
USA on the European Gas Market. RBC-Daily, October 23, 2018 (in Russian).
Konoplyanik, A. 2018d. Liquefied Gas—A New Geopolitical Factor (The US Is
Trying to Use Blue Fuel to Strengthen Its Dominance in the World). ‘NG-Energy’
Monthly Supplement to ‘Nezavisimaya Gazeta’, November 13, 2018, pp. 12-13

(in Russian).

Konoplyanik, A. 2018e. The LNG Market Is a Driver of Change (The Development

of Trade in Liquefied Natural Gas Leads to Significant Transformations in the



11 On the New Paradigm of International Energy Development... 337

Economic and Political Spheres). Oil and Gas Vertical 23-24: 37—44 (Part 1 of a
Cycle of Four Articles) (in Russian).

Konoplyanik A. 2018f. Russian Gas: Why New Pipelines to Europe Are Needed.
Presentation at the American Chamber of Commerce Energy Committee Meeting,
Moscow, April 10, 2018.

Konoplyanik, A. 2018g. Russian Gas to Europe: From the Linear (Radial) to the
Radial-Ring Supply System—And the New Role of Transit. Presentation at the
14th Russian Oil and Gas Congress (RPGC) as Part of the 15th International
Exhibition ‘Oil and Gas’ (MIOGE), Moscow, June 19, 2018 (in Russian).

Konoplyanik, A. 2018h. Evolution of the Russian Gas Strategy in the European
Direction in the Context of Changes in the International Gas Markets and in
Global Competition (see the Author—An Invitation to the Discussion).
Presentation at the Conference-Seminar ‘Global and Local Markets of Oil, Gas
and Petroleum Products: Analysis and Forecasting, Pricing, Trade Flows’, Moscow,
September 20, 2018 (in Russian).

Konoplyanik, A. 2018i. Fourth EU Energy Package? What Gazprom Should Be
Prepared for in Europe. Oil and Gas Vertical 3: 26-36 (in Russian).

Konoplyanik, A. 2018j. EU’s Fourth Energy Package. Gazprom in Europe: What to
Prepare For. Oil and Gas Vertical 2(4): 16-25.

Konoplyanik, A. 2018k. On Competitive Markets and Anti-competitive Behavior on
the Example of US LNG Against Russian Pipeline Gas in Europe. Energy Policy 6:
18-27 (in Russian).

Konoplyanik, A. 2019a. From New Record to New Normality? To the Results of the
Poll of Gas Industry Representatives at the 12th European Gas Conference. Oi/
and Gas Vertical 5: 70—77 (in Russian).

Konoplyanik, A. 2019b. New Russian Gas Export Record to Become a New Standard.
Global Gas Perspectives, March 20, 2019.

Konoplyanik, A. 2019c. When America Is Always First and Foremost... (Attempts to
Squeeze Russian Gas Out of Europe in Favor of American LNG Have an
Exclusively Pragmatic Economic Background on the Part of the United States and
Its Political Implementation Tools). Oil and Gas Vertical 1-2: 87-94 (Part 2 of the
Cycle of Fou