IRIL*—EER

IEEJ Energy Journal

Special Issue October 2021
based on “The 6™ IEEJJAPERC Joint International Energy Symposium 20217

E —#ua@zA BAIRILF—@EEHRAHR

JIAPAN The Institute of Energy Economics, Japan







PREFACE

Chairman & CEO,
The Institute of Energy Economics, Japan

Tatsuya Terazawa

This Joint International Energy Symposium,
which the Institute of Energy Economics Japan
launched jointly with the Asia Pacific Research
(APERC) its 50th
anniversary in 2016, is celebrating its sixth year.

Center to commemorate
As with last year, the event was held online this
year due to the Covid-19 pandemic, on April 23.

The theme of the Symposium this year was
“Carbon Neutral: What Does This Mean for the
World?” The topic was extremely timely as the
Symposium was held on the day after the Climate
Leaders Summit, which US President Joe Biden
hosted on April 22. Since last fall, the leaders of
the world’s major countries including Japan have,
one after another, declared the goal of reaching
carbon neutrality by mid-century. Amid this major
movement, there are calls to discuss methodologies
for achieving the carbon neutrality targets.
Moreover, the impact of carbon neutrality on
developing countries and the Middle East, as well
as developed countries, is becoming an increasingly
important subject.

This IEEJ Energy Journal Special Issue
focusing on the Sixth APERC/IEEJ International
Energy Symposium is a collection of the
presentations given by the Distinguished Fellows
who spoke at the event, rendered into articles by
the speakers themselves, as well as articles on the
same themes authored by other Distinguished

Fellows and IEEJ researchers.
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There were three subthemes, which we
believe address the questions many people may
have.

The first subtheme was “Can the World
Achieve Carbon Neutrality?”

Are the carbon neutrality goals pledged by
the leaders of major countries realistic and
achievable? What bottlenecks might there be, and
what actions must governments, companies, and
other actors now take?

The second subtheme was “Can Developing
Countries Pursue the Dual Goals of Carbon
Neutrality and Economic Growth?”

Is carbon neutrality something that brings
opportunities to developing countries, or are they
just obstacles? What do they need for simulta-
neously achieving carbon neutrality and economic
growth: longer timeframes or decarbonization
technologies? What kind of support do they need
from developed countries?

The third subtheme was “How Will the
Middle East Respond to the Global Carbon
Neutral Movement?”

How will the carbon neutrality movement
impact the Middle East, which so far has relied
heavily on oil and gas revenues? Under such
circumstances, what are some of the challenges
the Middle East will face in achieving prosperity
and stability, most notably decarbonizing fossil
fuels?

| succeeded Masakazu Toyoda as Chairman
& CEO of IEEJ on July 1. How to address the
carbon neutrality target is the priority issue for
myself as well. It is a formidable challenge and
there is still no clear, established path to solving it.
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It is the mission of the IEEJ to do our utmost to
identify the path and solutions to achieve carbon
neutrality.

This international symposium provided a
wealth of insights as we strive to fulfill our
mission. Likewise, the reports in this Journal
provide clues for answering the questions many of
us have. | sincerely hope they will contribute to
discussions on policies and corporate strategies
going forward.

We will continue our search for the path to
and solutions for carbon neutrality with everyone.
I ask for your support and collaboration in
undertaking this mission.

October 2021
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Writer’s Profile

Tatsuya Terazawa

1961 in Osaka, Japan.
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Tatsuya Terazawa was appointed as Chairman and CEO of the Institute of Energy Economics, Japan (IEEJ) in July
2021. Before joining to IEEJ, he supported then Minister Yasutoshi Nishimura as the Senior Advisor of the Cabinet
Office between January and June 2021 to assist on the Government response to the Covid-19 pandemic and the
formulation of the Growth Strategy including the “Green New Deal”. Earlier, he served at the Ministry of Economy,
Trade and Industry (METI) of Japan where he held prominent positions namely the Vice-Minister for International
Affairs. Mr. Terazawa has been the Senior Specially Appointed Professor at the Tokyo University of Science, teaching
international negotiations since January 2020. He is a graduate of the University of Tokyo’s Faculty of Law. He
also studied at Harvard University in the United States, where he earned an MBA in 1990. He was born in January,
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Energy Transitions and Carbon Neutrality by 2050?

Kenneth B Medlock III"

The world’s economy has expanded considerably over the last three decades, underpinned by
the rapid emergence of its most populous nations — China and India — as well as other developing
economies. In fact, global GDP, in real terms, has more than doubled since 1990. This has driven
substantial increases in global energy demand, with most of the growth over the last thirty years
coming from developing economies. Notably, this has occurred concomitant with growing pressures
to reduce CO, emissions, which is, to put it bluntly, challenging because fossil fuels make up the

majority global energy use.

Economic growth, expanded access to energy services, and environmental sustainability are
among the world’s most pressing challenges. This has always been true to varying extents in
different parts of the world, but international discourse has recently galvanized around
environmental sustainability, with a particular emphasis on carbon neutrality, especially in the
developed nations of the Organization of Economic Cooperation and Development (OECD). This
begs two fundamental questions, “Is carbon neutrality by 2050 possible? And, if so, how can it be

achieved?”

We do not portend to answer these questions herein. That story is still being written and there
are likely to be multiple twists and turns in the plotlines that unfold. Rather, we will examine the
current energy landscape in its context of recent history in order to identify some important vectors
for consideration. This will allow a rationalization of what may be achievable, and obviously raise

some important questions.

Energy Transitions — What Does Recent History Tell Us?

Make no mistake, energy systems are changing, and they will continue to do so with an
inexorable inevitability. The pace of change, however, is an open question that will influenced by a
multitude of factors — economics, policy, technology, regulatory and legal environment, etc. — that
extend well beyond aspirations. That stated, the global energy system of 2050 will look very
different than the global energy system of today. But that is not a particularly bold statement. The
energy system of today looks different than it did in 1990, and the global energy system of 1990
looked very different than it did in 1960, which looked very different than it did 1930, and so on.

The point? Energy is always in transition.

* Senior Director, Center for Energy Studies, Baker Institute for Public Policy, Rice University, US / Distinguished
Fellow, IEEJ
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Two primary factors have always driven this — economic growth and technological change.
Consider the last 30 years and ponder the two largest drivers of change in the global energy system
over that period: (1) energy demand growth in China and (2) the shale revolution in the U.S.
Driver #1 is the result of rapid economic growth, and driver #2 is the result of innovation driving

commerciality of a previously inaccessible oil and gas resource base.

From 1990 to 2020, China alone accounted for over half of the total increase in global energy
demand. The impacts include a redirection of global energy trade, substantial investments in new
energy resources (both fossil and renewable) and infrastructures to support expanded supply chains,
and a shift in global geopolitics. Moreover, the observed growth in demand has been primarily

fossil fuels (see Fig. 1).

The shale revolution in the U.S. has driven equally dramatic shifts to global energy markets.
As recently as 2000, the U.S. was the largest energy consumer on the planet, was positioned to
become a major importer of LNG, was already a major importer of crude oil and petroleum
products, and relied on coal for 24% of its energy mix. But the rapid growth of shale oil and gas
production substantially altered the US contribution to global oil and gas balances over the last 20
years (see Fig. 2). Other regions also saw expansion to meet growing global demands, but the
so-called shale revolution was transformational. In less than 20 years, the US became a net exporter
of natural gas, a major player in the global LNG export market, a net exporter of crude oil and
petroleum products, and saw a substantial reduction in the use of coal domestically. Altogether, this

has held dramatic implications for global energy trade and geopolitics.

Fig.1 The Impact of China on Global Energy, 1990-2020
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Fig.2 The Impact of the US on Global Oil and Gas Production, 2000-2020
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What does this mean? To begin, the changes themselves, while impactful on the global energy
ecosystem, are not the main point. Rather, the drivers of change are. The notable shifts in global
energy demand toward China and the rest of the developing world are being driven by economic
growth. And, the dramatic production increases of oil and gas in the US, a result of shale
development, have been driven by innovation in the upstream. Regardless of one’s view of the next
30 years, it can almost certainly be stated that economic growth and innovation will drive the future

of global energy!

Energy Transitions — Carbon Neutrality by 2050?

Despite the rapid growth in energy demand in developing countries over the past 20-30 years
— which has triggered a shift in global center of gravity in energy toward developing nations in the
Asia-Pacific region (see Fig. 3) — the world of energy remains a world of ‘haves’ and ‘have-nots’.
This is particularly noticeable when one compares the per capita energy use across regions — the
populations across the OECD, on average, consume roughly 3 times the amount of energy per
person than populations of non-OECD nations, with some differences even more striking on a

country-by-country basis.

The nations of the OECD are home to about 1.3 billion people and generally enjoy reliable
and consistent access to modern energy services. In contrast, the nations of the non-OECD
collectively represent about 6.4 billion people, about half of whom still lack reliable access to
modern energy services.! Of course, each non-OECD nation is different, with some having rapidly
ascended over the last 30 years (especially those in the Asia-Pacific region) and others still lagging

far behind. Any status quo paradigm that leaves such a sizeable portion of the world’s population in

1 See J. Ayaburi, M. Bazilian, J. Kincer, T. Moss, “Measuring “Reasonably Reliable” access to electricity services,” The
Electricity Journal, Volume 33, Issue 7, 2020, https://doi.org/10.1016/j.tej.2020.106828.



https://doi.org/10.1016/j.tej.2020.106828

IEEJ Energy Journal Special Issue October 2021

the dark is neither sustainable nor acceptable, and meeting energy demands for such a large, and
growing, fraction of the world’s population presents a non-trivial challenge to global carbon

neutrality.

Fig.3 Energy Demand by Primary Source and Population by Region, 1990-2020
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Source: Data obtained from the BP Statistical Review of World Energy 2021 and World Bank

The widespread access to energy services in the OECD is a product of massive capital
investments in energy infrastructure over multiple decades. Therein lies a fundamental challenge.
Namely, the scale of energy infrastructure required to support modern economies is enormous, and
once in place it establishes a legacy of infrastructure and fuel choices that do not change rapidly. In
well-developed economies, such as those in the OECD, new energy technologies — such as wind,
solar and batteries — must compete for market share against well-entrenched incumbents. And, they

must do so against a backdrop of little to no growth in total energy demand (see Fig. 3).

In order to deliver reliable access to modern energy services to populations in developing
non-OECD nations, a scale of capital investment in energy infrastructure never before seen must
occur. This means that the size of the global energy system will certainly expand. Not only must
existing energy systems see a significant reduction in the use of fossil fuels while also continuing to
deliver energy services reliably, new energy demands must be met primarily with low carbon
energy sources, a trend that has yet to be seen in developing nations (see Fig. 3). Consider a case
where global energy use rises by one-third from 2020 to 2050, representing a 0.96% average
annual growth rate, which is well below the 1.64% rate seen from 1990 through 2020.2 Simply
holding the use of fossil fuels constant at their 2020 levels requires the fossil share to fall from
83.1% to 62.4%. While this may not be insurmountable, it translates to a three-fold increase in all

other energy sources globally. If we assume all non-fossil demand will be met by wind and solar,

2 Note this simple exercise does not account for the fact that energy use declined in 2020 due to the economic malaise
triggered by responses to the COVID-19 pandemic. Arguably, demand will rebound in line with 2019 as the pandemic
subsides, but, for simplicity, we construct this example using 2020 as the reference year.
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an almost 13-fold increase in wind and solar energy must occur over the next three decades, just to
keep fossil energy use flat. To achieve a much more ambitious carbon-free energy portfolio, such
increases would have to be significantly larger, unless, of course, we significantly reduce the
growth of energy demand. But that would complicate, to say the least, efforts to increase reliable

access to modern energy services outside the OECD.

Closing Remarks

The above discussion is not meant to downplay efforts to transition the global energy system.
Energy will transition. It always has and always will, but the pace of change is uncertain. In the end,
the future of energy is NOT an OECD story; it is about developing economies. It will be challenging
to meet the expanding energy needs of a growing population in the developing world, while also
decarbonizing energy systems in the developed world. Any movement to achieve carbon neutrality
by 2050 must be facilitated by a full portfolio of potential solutions — from carbon capture, to
nature-based solutions, to expansion of renewables and hydrogen, to rethinking the role of nuclear
and hydro power, to technologies that have not yet been fully developed, including potential
advances in material science that create a “carbon-to-value” proposition through the development
of advanced carbon materials.®> Nothing can be left off the table. If policy attempts to define a

subset of the potential portfolio through various measures, failure is inevitable.

Writer’s Profile

Kenneth B Medlock IlI

Dr. Medlock, 111 is the James A. Baker, III and Susan G. Baker Fellow in Energy and Resource Economics and
senior director of the Center for Energy Studies at Rice University’s Baker Institute, co-director of the Master of
Energy Economics program, and adjunct professor in Economics and Civil and Environmental Engineering. He is
Distinguished Fellow at IEEJ and on the Advisory Board of the Payne Institute at Colorado School of Mines. He
has published numerous articles, has testified multiple times on Capitol Hill, has spoken at OPEC, and frequently
speaks at venues around the world. He has received several awards for scholarly achievements, most recently the
2019 Lifetime Achievement Award for the Advancement of Education for Future Energy Leaders from the
Abdullah Bin Hamad Al-Attiyah Foundation. He is a member of the AEA and NPC. He received his Ph.D. in
economics from Rice University in May 2000.

See, for example, K. Medlock and R. Meidl, “The Advanced Carbon Economy: A Sustainable Hydrogen Pathway,”
available at https://doi.org/10.25613/v58t-pm38.
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Can the World Realize Carbon Neutrality?

Hiroki Kudo™

Introduction

The Paris Agreement, which was adopted in 2015 and ratified in 2016, aims to limit the rise in
global average temperatures to well below 2°C above pre-industrial levels by the end of this
century and for pursuing efforts to limit global warming to 1.5°C. It also sets out a target of
reaching net-zero greenhouse gas (GHG) emissions, or carbon neutrality, in the second half of this
century to achieve the temperature target. Under the Paris Agreement, parties to the pact are bound
to set their respective long-term targets and policy measures. After the ratification of the Paris
Agreement, the Intergovernmental Panel on Climate Change (IPCC) released the Special Report on
Global Warming of 1.5°C and various stakeholders including the United Nations encouraged all
countries to enhance global warming countermeasures. As a result, more than 100 countries in the
world have vowed to pursue carbon neutrality. Particularly, major advanced countries including
Europe, the United States under the new Biden administration and Japan have made political
declarations to achieve carbon neutrality by 2050 and enhanced their GHG emission reduction
targets for 2030 in consideration of the 2050 carbon neutrality target. China, the world’s largest
GHG emitting country, released a target of achieving carbon neutrality by 2060. The feasibility of
and specific initiatives for the Chinese target have attracted global attention.

The carbon neutrality target has been set to avoid the serious impacts of climate change. It is
not a quantitative target set through the accumulation of feasible measures. The challenging target
requires innovative technologies to be commercialized and diffused globally through innovations.
The achievement of the target includes numerous uncertainties including progress in the development
of various technologies and the realization of their sufficient economic -efficiency for
commercialization. While scrutinizing the feasibility of the carbon neutrality target, technology
development trends over time and the effects of policy measures, each country will be required to
continuously take measures to improve the effectiveness of relevant initiatives.

At the 6th International Energy Symposium sponsored by the Institute of Energy Economics,
Japan (IEEJ) and the Asia Pacific Energy Research Center (APERC), U.S., Canadian, Chinese and
Japanese experts discussed two issues: “How much is the seeming probability of achieving Carbon
Neutral by mid-century?” and “What urgent actions are now required for key actors such as
government and business to untangle bottlenecks on the way to Carbon Neutral?”” Global carbon
neutrality is a challenge that requires a dramatic structural transition from the present energy supply
and demand system. These experts provided their respective views about the feasibility of the

carbon neutrality target and government and business initiatives to realize the target. At a time

* Board Member, Director, Charge of Electric Power Industry & New and Renewable Energy Unit, IEEJ
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when less than 30 years remain until 2050, I would like to consider challenges to realize carbon

neutrality in the future through discussions between the experts.

Key Points towards Realizing Carbon Neutrality

Kenneth Medlock, senior director of the Center for Energy Studies at the U.S. Rice
University’s Baker Institute, pointed out that carbon neutrality initiatives should consider differences
between economic, social and other national fundamentals. This means that as each country faces
multiple turning points regarding economy, society or energy supply and demand, appropriate
carbon neutrality initiatives differ by region or situation. While 1.3 billion people out of the global
population at 7.8 billion live in advanced economies belonging to the Organization for Economic
Cooperation and Development (OECD), 3.4 billion people reside in China, India and the members
of the Association of Southeast Asian Nations (ASEAN) where energy consumption is increasing
in line with economic growth. In Latin America, Africa and the Middle East where 3 billion people
live, access to modern energy services has yet to be secured in the presence of haves and have-nots.
Medlock noted that the facts should be recognized.

In non-OECD countries, particularly, economic and population expansion are leading energy
demand to increase faster than in OECD countries. Non-OECD countries depend heavily on fossil
fuels due to their economic efficiency and easy accessibility, resulting in a rapid increase in their
CO; emissions. Therefore, Medlock pointed out that carbon dioxide capture and storage (CCS)
technologies as well as hydrogen technologies would be important for realizing carbon neutrality in
these countries, given that their dependence on fossil fuels is likely to remain heavy. He also noted
that while renewable energy technologies attract attention as a key to decarbonization in non-
OECD countries, power transmission networks and other infrastructure must be developed to meet

an increase in solar and wind power generation capacity from the current levels.

Approaches to Carbon Neutrality

Allan Fogwill, president and CEO of the Canadian Energy Research Institute, discussed
current challenges and future approaches regarding global carbon neutrality initiatives.

While being optimistic that carbon neutrality would be technologically feasible, Fogwill pointed
out a cost challenge. While GHG emission reduction initiatives are currently implemented under
the jurisdiction of national government agencies, it is important that countries at an international
level share what they pursue under their respective jurisdictions, according to Fogwill. The energy
sector accounts for 73% of global GHG emissions. It must be recognized that not only energy
supply-side emission sources, but also various demand-side sources should be subjected to
emission reduction initiatives, with consideration given to complex economic and environmental
spillover processes. Fogwill noted that the biggest challenge would be that economic growth, trade
balance and social infrastructure should all be considered to reduce overall emissions.

The government sector’s engagement in GHG emission cuts and its cooperation with the



IEEJ Energy Journal Special Issue  October 2021

business sector would be the key to realizing carbon neutrality within the 21st century. The
problem is that CO, emission reduction initiatives are segmentalized in the absence of any
international agreement on the compliance with the Paris Agreement or of integrated GHG emission
reduction measures. To resolve the problem, various industries and governments should choose the
most cost-effective measures in consideration of market forces, according to Fogwill.

As noted in the IPCC report, global cooperation and collaboration would be indispensable for
achieving zero emissions through the introduction of various zero-emission technologies and social
and economic transformation. In considering zero-emission initiatives, countries or regions
occasionally focus on how to maintain and increase their respective competitiveness. However, the
entire international community would have to consider how international or intersectoral cooperation

and markets should be for realizing global zero emissions.

Trend of China as Key Player

The direction and effectiveness of initiatives in China as the world’s largest GHG emitter are
important for realizing global carbon neutrality. Fuqiang Yang, senior advisor for the Climate
Change and Energy Transition Program at the Beijing University Institute of Energy, introduced
China’s current initiatives to achieve net-zero emissions.

China accounts for the world’s largest share at 28% of global CO; emissions, being the largest
coal producer and consumer in the world. In an address to the 75th session of the United Nations
General Assembly in September 2020, Chinese President Xi Jinping declared that China would
pursue carbon neutrality by 2060 after CO, emissions peak out by 2030. China’s 14th five-year
plan set out milestones to become the most affluent, resilient country by 2050. Its Coal Cap Plan
calls for reducing coal’s share of total energy consumption to 48%, for setting strict emission
standards, for raising non-fossil fuels’ share of energy consumption to 21.5% and for cutting the
CO; emission intensity by 20%. China plans to promote electrification and switch from natural gas
to renewable energy in the power generation sector to allow emissions to peak out by 2030.

China has set an ambitious CO; emission reduction target for 2023, with the next milestone
given for 2028. It sees a 70% cut in the CO, emission intensity as feasible and plans to raise
renewable energy’s share of energy consumption by 2030. To realize carbon neutrality, non-CO,
GHG emissions including methane, black carbon and chlorofluorocarbon alternatives are planned
to peak out around 2025. It was pointed out that south-south cooperation and the Belt and Road
Initiative would play key roles in this respect.

China’s carbon neutrality target for 2060 represents a political declaration attracting
international attention and has exerted great influence on the attitude of Japan and other major
countries. However, it must be noted that long-term policies from 2030 and onward and the
probability of carbon neutrality are left uncertain. On the other hand, China has set out strategic
national initiatives such as electric vehicle technology and market development, as well as the
enhancement of its competitiveness in the renewable energy market. We would have to closely

watch if such Chinese initiatives would work consistently with the international carbon neutrality
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cooperation cited by Fogwill.

Roles Government and Market Sectors Would Play in Realizing Global
Carbon Neutrality

Finally, I would like to introduce experts’ views about the roles government and market
sectors would play in realizing global carbon neutrality.

Medlock noted that the market sector would play extremely important roles. Market-type
approaches would be required for serious efforts to realize carbon neutrality by 2050. Government
roles would be important, but the government sector alone would not be able to realize carbon
neutrality. Government and other various sectors should consider and manage market systems that
would play decisive roles in realizing carbon neutrality, according to Medlock.

Fogwill as well pointed out the need for a market in which government and other various
sectors would participate. More government interventions in the market would be required. Then,
social and economic prioritization would be important, but the market would not necessarily set
any priority order. Fogwill noted that the government sector should (1) take advantage of policies,
various incentives and tax measures to lower investment risks, (2) keep policies consistent and (3)
create an international carbon market and develop governance for the creation.

Yang also pointed to the significance of market roles. The government sector would invest in
the market while business administrators and other decision-makers efficiently implement investment
and the distribution of resources through the market. While carbon pricing has yet to diffuse among
companies, information about desirable investment destinations would allow them to raise
investment efficiency to cut CO, emissions more rapidly. Carbon neutrality initiatives would drive
economic development. The development of technologies for realizing carbon neutrality would
lead to new businesses. Carbon neutrality could bring about a new economy and should be taken as

a business opportunity as well as a cost, according to Yang.

These experts thus agreed that the world should take maximum advantage of market functions
to realize carbon neutrality. As noted by Medlock, however, international differences regarding
energy supply and demand, and economic and social conditions should be considered along with
different time schedules when initiatives are developed and implemented. Over a short term, it
would not be easy to develop a market through integrated carbon pricing amid international
differences regarding energy supply and demand conditions, policies and technological strategies.
Governments are required not only to develop their respective national initiatives but also to
cooperate in building market and other governance mechanisms to simultaneously achieve
sustainable national economic growth and carbon neutrality. We would have to closely watch
national policies and negotiation stances to check how an economy-friendly cooperative framework

would be developed for realizing carbon neutrality under the Paris Agreement.
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Can the World Achieve Carbon Neutral Energy Balances?

Jonathan Stern”

Introduction

Given the climate crisis repeatedly confirmed by the scientific community, most recently in
the 6™ Assessment Report (Working Group 1) of the International Panel on Climate Change (IPCC),
the urgency to reduce greenhouse gas emissions from the energy sector has increased significantly.
Around 40 countries have made pledges to reduce their emissions to net zero (ie carbon neutrality)
by 2050 (2060 in the case of China), which account for 40% of the global population, 70% of
global GDP and around 75% of CO- emissions.

In May 2021, in response to a request by the organisers of the November 2021 COP26
meeting, the International Energy Agency (IEA) produced a report, ‘Net Zero by 2050 — a roadmap
for the global energy sector’. The IEA’s net zero energy (NZE) scenario is a modelled pathway
which sets out actions which need to be taken if NZE is to be achieved by 2050. The study has
provoked strong responses by critics, notably by the Saudi Arabian Energy Minister who was
quoted (Financial Times, June 5/6 2021) as saying, “Whoever put that scenario [together] is not in
touch with reality”. However, it is not clear whether such critics are saying that NZE by 2050 is
impossible, or whether the IEA have chosen the wrong modelling assumptions to achieve this

outcome.

Required Milestones to Achieve NZE by 2050

Although the focus of net zero tends to be 2050, it is clear that unless certain milestones are
achieved by 2030 it will be almost impossible to ‘catch up’ with emission reduction targets because
the ‘carbon budget’ (ie the emissions which will already be in the atmosphere) necessary to ensure
the limitation in global temperature increase, will have been exceeded, and because the lead times
necessary to achieve key milestones for 2050 are measured in decades. Some of these milestones

are:

e From 2021: no new oil and gas fields should be approved for development (although
existing fields and extensions of those fields can continue); no new coal mines or mine
extensions should be approved; no new unabated coal plants should be approved for
development.

e By 2025 no new sales of fossil fuel boilers.

* Distinguished Research Fellow and Founder Natural Gas Research Programme, Oxford Institute for Energy Studies,
UK/ Distinguished Fellow, IEEJ
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e By 2030: all new buildings should be zero-carbon ready; 60% of global car sales should be
electric; unabated coal plants should be phased out in advanced countries; more than

1000GW of solar and wind power plants should be built every year.

Table 1 Required Carbon Prices in Advanced and Emerging Economies
(Real US$ 2019/tonne/CO»)

2025 2030 2040 2050
Advanced Economies 75 130 205 250
Select EMDEs* 45 90 160 200
Other EMDEs 3 15 35 55

*includes China, Russia, Brazil and South Africa
Source: IEA (2021), Net Zero by 2050, Table 2.2

In order to achieve these milestones, carbon prices need to increase significantly from current
levels in both advanced and emerging and developing economies (EMDEs) as shown in Table 1.
Very few advanced countries have carbon prices which are close to $75/tonne currently, and which
need to be 70% above that level in 2030, and only a few EMDEs (eg China and South Africa) have

carbon price regimes.

Fossil Fuel Production and Exports

One of the most controversial milestones is the requirement there should be no new fossil fuel
development. The most immediate impact is on global coal production which falls by more than
50% in the 2020s. By 2030, oil production has fallen by 20% and by 2040 it is less than half the
2020 level. Table 2 shows that as demand falls, prices also fall and supply becomes concentrated in
the lowest cost producers. This results in OPEC’s share of global production rising to nearly 40%
in 2030 and above 50% in 2050. Natural gas production is more resilient falling by only 12% by
2030 with the most immediate impact on global LNG trade which is 50% below 2020 levels by

Table 2 Oil and Gas Prices to 2050 (Real US$ 2019)

2019 2020 2030 2040 2050
Crude Oil (US$/bbl) 91 37 35 28 24
Natural Gas (US$/mmbtu):
United States 5.1 2.1 1.9 2.0 2.0
European Union 8.7 2.0 3.8 3.8 3.5
China 7.8 5.7 52 4.8 4.6
Japan 12.9 5.7 4.4 4.2 4.1

Source: IEA (2021), Net Zero by 2050, Table 2.1
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2030 and 80% by 2040. This is largely due to most projects being unable to compete at the import
prices (for Europe, Japan and China) of less than $5/mmbtu shown in Table 2, which should be of
concern to promoters of new LNG projects. Natural gas producer income falls by 36% in the 2020s
compared to the previous decade but remains relatively stable thereafter. By contrast a combination
of falling demand and the prices in Table 2 greatly impact the income (and potentially also the
political stability) of oil producing and exporting countries, Which falls by 55% this decade and

continues to fall sharply over the following two decades.

Technologies and Modelling

The progress made with low and zero carbon technologies will clearly be very important for
the achievement of NZE. The IEA also stresses the importance of consumer behaviour not only in
relation to changes in lifestyle (such as personal transport and household heating choices) but also
active involvement in efficiency investment and curbing wasteful consumption. For the industry
and agriculture sectors, the importance of improving the collection and recycling of plastics, and
increasing the efficiency of fertilisers, are key metrics. Overall, the importance of electrification in
industry, transport and buildings, and the use of hydrogen in ‘hard to electrify’ sectors increases

significantly.

The NZE scenario was benchmarked against 18 net zero scenarios assessed by the IPCC along
different technology parameters. This is important because the selection of technologies and the
speed of their development will determine much of cost and difficulty of achieving the desired
level of greenhouse gas reduction targets. In comparison to the assumptions in the [PCC scenarios,
NZE is: very low in relation to CCUS, direct air capture and bioenergy; moderately low in relation
to total final energy consumption; and relatively high in relation to the share of hydrogen and wind

and solar in total final consumption.

Although modern bioenergy increases significantly to compensate for the phase-out of
traditional biomass, this is not significant in comparison to the IPCC scenarios. Carbon capture,
utilisation and storage will be a very important technology for the success of any NZE target. By
2030, 1.7 billion tonnes of CO; will need to be captured globally, increasing to 7.6 bn tons by 2050,
compared with just 40mt being captured and stored currently. Of the 2030 figure, 80% needs to be
captured from fossil fuel production and processes, most of the rest from bioenergy and only 5%
from direct air capture. If CCUS fails to achieve these levels — and growth in nuclear power
generation is similarly modest — this would require an additional 2000-3000GW of renewable
energy by 2030-2050. Hydrogen development relies on fossil fuels (some with CCUS) until 2030
when ‘power to gas’ (green hydrogen via electrolysis) begins to take off. By 2040, the majority of
hydrogen production is from electrolysis, and more than 60% by 2050 with CCUS applied to all

fossil-based production.
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Investment Requirements and Impact on Household Energy Bills

By 2030, NZE sees a requirement for $5 trillion of investment — more than twice the level
spent during 2016-20 — falling only marginally to $4.5 trillion by 2050. From a sectoral perspective,
the majority of this investment in the first two decades is required for electricity generation and
infrastructure, but with transport progressively increasing its share over the decades. In terms of
technology investment, electrification, electricity systems and efficiency take the majority shares,
with hydrogen only becoming important post-2030. Electricity network investment is 3-4 times

higher compared to 2020, 60-70% of this being due to increased demand.

Household energy bills are projected to fall significantly in advanced economies both in
absolute terms and in relation to share of income. In 2030 this is counterbalanced by the
investments which will be required in electrification and efficiency, but by 2050 there is a net fall
in household energy expenditure despite investment remaining relatively constant. In emerging and
developing economies, energy bills per household increase substantially both in absolute terms and
as a share of disposable income. A policy of requiring consumers to pay for efficiency improvements
may prove politically contentious, and governments may choose to subsidise a large part of
household energy efficiency refurbishment and electrification investments through taxation. But as
consumers see the benefits of lower bills due to efficiency improvements, such policies may

become increasingly popular.

Conclusions: the Importance of Government Policy

It is important to remember that the IEA NZE study is not intended to be a forecast of what
will happen. It is an illustration of one possible pathway (but not the only one) showing what needs
to happen if the world is to achieve net zero energy emissions by 2050. Returning to the question
posed in the title of this article: “Can the world achieve carbon neutral energy balances?” This
overview suggests that it is possible, but very difficult without revolutionary changes in the way the
world uses energy and organises energy production and consumption. A large part of those
revolutionary changes will need to be driven by government policies. Governments have signed up
to pledges — either related to the Paris Agreement (COP 21) or achieving net zero emissions by
2050 — and must urgently demonstrate that they are on track to meet the interim targets they have
set for 2030. Meeting 2030 targets will be essential if global net zero by 2050 is to remain a

credible aspiration.

Writer’s Profile

Jonathan Stern

Professor Stern is a Distinguished Research Fellow and founder of the Natural Gas Research Programme at the
Oxford Institute for Energy Studies (OIES). He holds professorships at the University of Dundee and Imperial
College, London; and fellowships at the Energy Delta Institute and the Institute of Energy Economics, Japan.

- 20 -



IEEJ Energy Journal ~Special Issue  October 2021

Key Areas in Which Nuclear Power can Help the World

Achieve Carbon Neutral
Gerry Thomas”

There is an undeniable need to keep global warming below 1.5°C, to avoid the worst
consequences of climate change, but in order to do this, greenhouse gas emissions must decline to
zero in 2050 [1]. However, despite this looming deadline, the use of fossil fuels has continued to
increase, resulting in annual global greenhouse gas emissions rising from 20.5 billion tonnes of
COx; to 33.3 billion tonnes in 2019 [2].

Continuation of modern, healthy economies are predicated on the supply of energy sources
that are both constant and sustainable. However, 73.2% of global greenhouse gas emissions are
generated by the production of energy, with heat and electricity accounting for about one third of
this. The use of fossil fuels accounts for 83.4% of all energy (electricity, heat and transport) and
generate 63.3% of global electricity[3]. The demand for electricity continues to increase and is
outpacing the recent increase in the production of electricity by renewable sources [4], which is
why little progress is being made in achieving the global goal of net zero by 2050. Some 770
million people, largely resident in sub-Saharan Africa still lack access to electricity [5]. It is a
humanitarian goal to raise living standards in these areas, but an estimated S000GW of additional
capacity above the existing 2500GW would be required for this, assuming that there was no further
increase in the global population, and that electrification of the economy remained at a similar level

to that in today’s European economies, both of which are unlikely.

We would therefore seem to have an impossible problem to solve. How do we maintain our
energy hungry, modern societies and ensure the continued development of low and middle income
countries whilst reducing emissions of greenhouse gases? While the use of renewables has seen a
rapid increase in growth, few countries seem to have taken the utility of nuclear power seriously,
although the International Energy Agency has noted that without action to support developments in
nuclear power, global efforts to transition to a cleaner energy system will become drastically harder

and more costly [6]. Even some Green NGOs (www.greensfornuclearenergy) are starting to realise

that excluding nuclear is not an option to achieve our decarbonisation targets. A number of
countries e.g. Sweden [7] and France [8] have demonstrated that it is possible to dissociate
economic growth from greenhouse gas emissions, which should give hope to the developing
economies that their goals of societal improvement can be achieved without destabilising the

climate for the rest of the world.

* Professor of Molecular Pathology, Imperial College London / Director, Chernobyl Tissue Bank / Distinguished Fellow,
IEEJ
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One of the major problems of renewables is that their use is largely restricted to production of
electricity only. This is partly because of the area of land required to generate significant amounts
of electricity. The high capacity factor of nuclear reactors (global average 82.5%) compares very
favourably with other energy sources (coal 49%, gas 29-63%, offshore and onshore wind 45% and
35% respectively and solar PV 18%) and means that significantly less land is required to produce a
given amount of energy. A 1000MWe nuclear reactor, which would power 2 million homes in
Europe has a foot print of about 3.4 km?. The land requirement to provide an equivalent output
would be between 673 and 963 km? for wind farms and 194 km? for solar [9]. To use renewables to
replace generation by coal, gas and nuclear seems not to be a practical solution, and the amount of
land use involved to provide for even modest extension of wind and solar is becoming more of a

social issue at the local level, despite being supported in public opinion polls.

Nuclear already has a proven track record in its ability to decarbonise domestic heating and to
run air conditioning, which will become increasingly important as climate temperatures rise.
Surplus heat from nuclear power plants is being used in a number of countries to provide district
heating [10], and can be used to produce the very high temperatures required in a number of
industrial processes such as the production of concrete, steel, and the production of alternative
power sources such as hydrogen and synthetic fuels [11]. The production of the latter will be key to

decarbonising the shipping and aero industries.

So what is preventing us from embracing nuclear power as a partner in climate mitigation?
One factor that is often cited is the cost of nuclear energy, yet there are an increasing number of
studies that suggest that putting a larger share of nuclear into the energy mix results in lower total
cost of electricity for the tax payer and end consumer, due to the longevity of nuclear plants once
built [12]. Another factor is nuclear waste, although in truth the nuclear industry is the only low
carbon energy source that has sought to internalise all costs in its price. In reality the waste
produced by nuclear power is small when compared with solar and wind, with the entire waste
since nuclear power came on line being 400,000 tonnes (of which 30% is recycled for reuse in
other reactors), whereas it is estimated that by 20-50 some 60-78 million tonnes of electronic waste
(which contains toxic chemical entities such as cadmium, antimony and lead) will have been

generated by solar PV and 43 million tonnes by the wind energy industry [13,14].

We are running out of time. The chances of reaching net zero by 2050 are diminishing by the
second. Reaching these goals by relying on the public to make informed choices about their energy
uses will not be enough. Isn’t it time we listened to the science and started to invest in a nuclear
future, rather than prevaricating and watching our climate becoming ever more unreliable, and

reducing the rich biodiversity of this plane still further. As they say, there is no Plan(et) B.
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Issues for Carbon Neutrality (Science and Policy)
Mitsutsune Yamaguchi*

In my contribution titled “Is It Possible to Achieve Global-Scale Net-Zero Emissions by 2050
to a special issue of the IEEJ Journal in February 2021, I concluded that “achieving net-zero
emissions by 2050 appears to be extremely difficult, if not impossible.” Later, the European Union
and the United Kingdom increased their emission reduction targets for 2030. Japan and the United
States followed suit. In May 2021, the Group of Seven industrial democracies in their climate and
environment ministers’ meeting communique vowed to “lead by example and each commit to
achieve net-zero greenhouse gas (GHG) emissions as soon as possible and by 2050 at the latest.”
This means that G7 and other advanced economies clarified their initiative to limit the increase in
the global average temperature from pre-industrial levels to 1.5°C instead of 2°C as agreed by all
Paris Agreement parties including developing economies and to move up the deadline for achieving
net zero GHG emissions to 2050 from “as soon as possible in the second half of this century” under
the Paris Agreement. The issue is whether the initiative could be used to persuade emerging market
economies, including China, and developing ones to enhance emission reductions. Developing
economies for their part may assert that they have agreed to the 2°C target rather than the 1.5°C target
and that it would be absolutely impossible to achieve net zero GHG emissions by 2050. As a result,
climate negotiations between advanced and developing economies could be stalled. This is because
China and other emerging market economies, as well as Asian and other developing economies
continuing economic development, may give less priority to climate change countermeasures than
advanced economies. In the following, this paper considers essential issues regarding the target of
Net Zero GHG emissions by 2050. Based on the consideration and without prejudice, we should

discuss targets that would satisfy emerging and developing economies.

Issue 1: Net Zero — GHG or CO; emissions?

As noted above, the Paris Agreement calls for limiting the increase in the global average
temperature to 2°C and achieving net-zero GHG emissions in the second half of this century. After
the Intergovernmental Panel on Climate Change released a special report (IPCC/SR1.5) in 2018
concluding that net-zero emissions would have to be achieved by 2050 to limit the temperature
increase to 1.5°C, however, the UK and EU rapidly shifted priority to the 1.5°C target and net-zero
GHG emissions in 2050, followed by the G7 members including Japan. However, the IPCC/SR1.5

report called for net-zero CO; emissions instead of net-zero GHG emissions.

* Distinguished Fellow, IEEJ
L More accurately, the report discussed a case in which global warming would be limited to 1.5°C with no or limited (less
than 0.1°C) overshoot.
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Fig. 1 indicates emissions pathways limiting global warming to 1.5°C in the IPCC/SR1.5 report.
Left pathways are for CO; and right ones for other GHGs. Approximately, CO, emissions would have
to reach net zero around 2050 if we allow no or limited overshoot in global warming. However, other
GHG emissions including methane would not have to do so. This is because CO,, once emitted, will
remain in the atmosphere over a very long time and surely contribute to boosting temperatures, while
other GHGs stay over a shorter time (e.g., 12 years for methane). Other GHG emissions, as far as
staying stable, would not contribute to boosting temperatures. However, the Paris Agreement and the
G7 have stuck to net-zero GHG emissions instead of net-zero CO- emissions. Any clear reason for
this is uncertain. One possible reason may be that the UK became the first country in the world in
2008 to set a statutory target of cutting GHG emissions by 80% from 1990 by 2050 and raised the
target cut to 100% in 2019, remaining influential in negotiations at the Conference of Parties to the
United Nations Framework Convention on Climate Change.

This means that net-zero GHG emissions would be excessive for the target of limiting global

warming to 1.5°C and would not have to be reached by 2050 from the scientific viewpoint.

Fig.1 CO; and Other GHG Emission Pathways toward Achieving the Target of
Limiting Global Warming to 1.5°C

Non-CO, emissions relative to 2010
Global total net CO2 emissions Emissions of non-CO: forcers are also reduced
or limited in pathways limiting global warming
to 1.5°C with no or limited overshoot, but
they do not reach zero globally.

Billion tonnes of CO,/yr

Methane emissions

In pathways limiting global warming to 1.5°C

with no or limited overshoot as well as in
pathways with a higher overshoot, CO2 emissions
are reduced to net zero globally around 2050.

Black carbon emissions

Four illustrative model pathways -

— P2
\ Nitrous oxide emissions

e —— L
P4
Timing of net zero CO: Pathways limiting global warming to 1.5°C with no or limited overshoot
Line widths depict the 5-95th — S Pathways with higher overshoot
percentlle and the 25-75th _— pr— Pathways limiting global warming below 2°C
percentile of scenarios {Not shown above)

Source: IPCC/SR1.5/SPM p.15  Yellow highlights were given by the author.

- 25 -



IEEJ Energy Journal Special Issue  October 2021

Issue 2: Meaning of the Temperature Target — How long net negative CO»
emissions would continue to extend?

Fig. 2 represents excerpts from a paper that was authored mainly by key contributors to the
IPCC/SRI1.5 report based on scenarios in the report and published in the refereed journal Nature.

The figure’s upper half represents an illustrative pathway for reaching net-zero CO, and net-
zero GHG emissions based on the IPCC/SR1.5 report, indicating CO; (red) and other GHG (brown)
emission cuts and CO, removal (dark brown) through BECCS (bioenergy with carbon capture and
storage), DACCS (direct air carbon capture and storage), afforestation and other measures for
negative emissions. This shows that CO, emissions would become net zero (emissions offset by
negative emissions) in the 2050s and total GHG emissions including CO, would become so around
2070.

Fig.2 Global GHG Emission Cuts (upper) and Temperature Trend (lower)

Global greenhouse-gas (GHG) emissions
Illustrative pathway for reaching net-zero carbon dioxide and net-zero GHG emissions (from ref. 3).

HCO, Non-CO, (CHa, N,O and fluorinated gases in GWP-100*)

Reaching a net-zero CO, target
Residual CO, emissions are balanced

by an equal amount of CO, removal.
Reaching a net-zero GHG target

Residual CO, and other GHG -~
emissions are balanced by an
equivalent amount of CO, removal.

Global CO,-equivalent emissions
(gigatonnes CO,-e per year)

CO, removal

-20- 1 1 | 1 1 1 I 1 1
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Global-warming implications
Estimated global temperature peaks (in pink) and
declines (arrows) under net-zero GHG emissions.
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*GWP-100, Global Warming Potential over 100 years (United Nations metric
for transferring emissions of different gases to a common scale)

Source: J. Rogelj et al. Three ways to improve net-zero emissions targets, Nature 591, 365-368
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The lower half shows temperature changes from pre-industrial levels as a result of the above
emission cuts. As temperatures are stabilized after CO, emissions reach net zero as noted above, the
global average temperature increase would follow a trend indicated by the black arrow. Although
other GHG emission cuts would make little progress towards 2100, the gap between CO» removal
and emissions would expand in a manner to increase net negative CO, emissions. In line with such
change, the global average temperature increase from pre-industrial levels (red line) would continue
to fall, reaching some 1.3°C in 2100. If the target limit is 1.5°C, the increase from pre-industrial
levels should be stabilized at the target level. The ultimate goal of climate change countermeasures
is the “stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate system” (Article 2 of the 1992 UNFCCC,
underlined by the author) while ensuring sustainable economic growth. As the real objective is to
limit losses from temperature rises to some extent, the goal should be the stabilization of temperatures.
Given great uncertainties about the relationship between GHG concentrations and temperature rises,
or the climate sensitivity, however, the stabilization of GHG concentrations might have been chosen
for the convention. The temperature increase would slightly exceed 1.5°C when CO; emissions reach
net zero. Later, temperatures would stabilize with CO, emissions remaining net zero?. In the IPCC
1.5°C scenario as indicated by the figure, however, the temperature increase from pre-industrial
levels would continue to fall below 1.5°C with net negative emissions expanding. It is doubtful if the

IPCC 1.5°C scenario meets the objective of the convention.

Issue 3: Uncertainties

Uncertainties over the science of climate change were discussed in detail in Chapter 8 of a
recommendation® by the UK Committee on Climate Change to the government in December 2020.
This paper briefly discusses the carbon budget in this regard. The carbon budget is a concept paying
attention to a proportional relationship between cumulative CO, emissions and a temperature
increase. The fifth IPCC assessment report on climate change published in 2013/2014 became the
first IPCC report to discuss the carbon budget. In the report, the carbon budget (cumulative CO»
emissions) to stabilize global warming at a given level (e.g., 1.5°C at the probability of 50%) was
estimated at 2,250 gigatons. The 2018 IPCC/SR1.5, released four to five years after the fifth report,
gave cumulative CO, emissions through 2017 at 2,200 Gt, meaning that the remainder in the carbon
budget was 50 Gt, less than two years’ global CO; emissions. In the IPCC/SR1.5 report, however,
the carbon budget estimate was raised to 2,780 Gt, indicating that the remaining carbon budget
(allowable future emissions to achieve the target) would be 580 Gt (2,780 Gt — 2,200 Gt), up more
than 10-fold from 50 Gt based on the fifth IPCC report. This change is attributable to the development

of scientific knowledge and methodology. If the global mean surface temperature (GMST) is used

As the temperature increase slightly exceeds 1.5°C, some additional CO2 (or GHG) emission cuts would be required to
push the increase down to 1.5°C. Here, however, [ would like to refrain from discussing details. The essential question
is if a long-term decrease in temperatures would be the objective that we should attain.

3 The Sixth Carbon Budget, The UK’s path to Net Zero, Committee on Climate Change, December 2020
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instead of the traditional near surface air temperature (SAT) to measure temperatures, the carbon
budget would increase further. The carbon budget, particularly the remaining carbon budget, is an
important indicator to project future emissions pathways to reaching targets and the timing for net
zero emissions and to consider the feasibility of targets. This important indicator is so uncertain.
Research may be making progress towards the sixth [PCC report. If the carbon budget increases in
the sixth report, climate targets may become easier to achieve. If it decreases, however, they may
become more difficult to attain®.

The above discussed typical uncertainties about the science of climate change. The Paris
Agreement has failed to specify any long-term target year for limiting the temperature increase or to
discuss whether overshoot is allowable and to what extent. These points are susceptible to the carbon
budget. Given the above, it must be noted that the 1.5°C target and the net-zero CO, emissions in

2050 are not necessarily linked to each other. This is the same case with the net-zero GHG emissions.

In the above, I cited the three issues. What I would like to emphasize here is that scientific
grounds are not solid enough for the 1.5°C target and the net-zero GHG emissions by 2050 for which
G7 is pursuing. Given its significance, climate change is a challenge that should be addressed
immediately and globally. For the future, however, I hope that world-leading policymakers would
have the courage to verify the adequacy of climate targets from scientific and policy viewpoints

without any prejudice and formulate new international agreements as necessary.
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Hi8l : J. Rogelj et al. Three ways to improve net-zero emissions targets, Nature 591, 365-368
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The Sixth Carbon Budget, The UK’s path to Net Zero, Committee on Climate Change, December 2020
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Can Developing Countries Pursue the Dual Goal
of Carbon Neutral and Economic Growth?
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Can Developing Countries Pursue the Dual Goal of

Carbon Neutral and Economic Growth?

Wim Thomas"

The world is moving faster towards accelerating net zero emission goals from energy use as
early as 2050. This raises the question if all countries could achieve such pathway and in particular
if such target and accompanying regulations will disrupt Developing Countries’ economic growth?
This paper will argue that such goals are feasible for Emerging Economies as well as Developing
Economies and that it will not be dependent on technologies being available or aid from Advanced

Economies®.

Reaching the Paris Goals Become Increasingly an Emerging Economies Issue
to Achieve

In practical terms, the energy transition to a 1.5°C world is mainly an Advanced and Emerging
Economies’ problem to solve. With the World population growing 25% over the next 3 decades to
9.7 bln from 7.8 bln today, over 85% will live in Emerging Economies and Developing Economies,

while the population in the Advanced Economies will remain stable around 1.1 bln.

World GDP may rise ~130% over this period to 2050. Advanced Economies share in the total
pie is around 40% today, while the Emerging Economies share is ~55% and only some 5% from
Developing Economies. This will have changed by 2050 with the share of the Advanced
Economies declining to around 27%, while that of the Emerging Economies grows by some 10%
points to 65%. Developing Economies’ share is expected to be one and a half times larger than
today. But in GDP/Capita terms the Advanced Economies are about 3 times richer than the
Emerging Economies and 10 times than Developing Economies today and that relationship is not

expected to move much over the next decades.

World CO; emissions from energy today comes for about 64% from Emerging Economies and
for about 33% from Advanced Economies with the remaining 3% from the Developing Economies.
By 2050 Emerging Economies’ share will have grown strongly to ~75% while the Advanced
Economies drop to around 20%. In particular China’s role in reducing global emissions will be
crucial, being about 30% today, which is half of all Emerging Economies. The role of Developing
Economies remains very modest and their priority can remain in achieving the UN’s Sustainable

Development Goals without overdue concern in reducing CO; emissions.

* Former Chief Energy Advisor, Shell International BV / Distinguished Fellow, IEEJ
L IMF 2020 classification of Advanced, Emerging and Developing Economies are used throughout this paper.
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Globalisation and Efficiency Improvements Drive Energy and CO: Intensity
Reduction

The share of energy use between Advanced Economies and Emerging Economies will remain
similar to their shares of global GDP with China being dominant with around 23% of the world and
40% of Emerging Economies. With continuing global economic growth and a strong focus on

efficiency, energy intensity as well as CO» intensity will continue to decline.

Efficiency and Lower COz Emissions Go Hand in Hand with Electrification

With key countries’ pledges to accelerate the energy transition towards net zero by 2050, all
type of economies see an acceleration of electricity and bio-mass/fuels use. Presently, electricity
share is about a fifth of end-user energy demand, but that will need to more than double over the
next 30 years in Advanced Economies and Emerging Economies, while Developing Economies

will see a fourfold increase.

Advanced Economies Emerging Economies Developing Economies
TFC by Carrier TFC by Carrier TFC by Carrier
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Sources: IEA, Shell Energy Transition Scenarios Sky1.5

Wind, Solar and Biomass are the New Energy Sources

Wind and solar are the new energy sources as the economics of new power generation has
already turned the corner in their favour. Wind and solar PV are becoming an order of magnitude
cheaper than gas, coal and nuclear, as economies of scale and integration with storage and green
hydrogen production will give additional benefits. Remaining gas and coal fired generation get
more and more burdened by CO; mitigation costs and increasingly being run at low Load Factor

for back-up of renewables.

Biomass remains expensive, but necessary to reduce CO,, also via BECCS?. If it ever becomes
the marginal price setter in fully developed electricity markets, it could form a solid revenue stream
for wind and solar, opening taxation space for governments, which can be used to stimulate or

subsidise the energy transition in other sectors.

2 Bio-Energy Carbon Capture and Storage is a true negative emissions measure, actually removing CO> from the
atmosphere by storing it underground.
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The Energy Transition is Affordable to All Economies

With falling unit costs, the investment cost as a percentage of GDP for Advanced Economies
and Emerging Economies come down fast. Unfortunately not so for Developing Economies which
will stay longer in a historical range. But this is mainly a GDP effect, so on cost terms they still
benefit as well. Cost of investments should also be put in context of avoided fuel costs to estimate
the overall effect on economies. All types of economy benefit from avoided fuel cost, reducing
overall energy costs as % of GDP. If avoided CO, abatement costs are added, the prospect becomes
even more compelling. Moreover, investment in renewables will generally create more jobs and
hence more economic growth and tax income for States if a country is not a major oil, coal or gas
producing country. Renewable Energy cost, once it set its own local price dynamics, will also be
less volatile than fossil fuels. Finally, it decreases import dependence, improves trade balance, and

helps to reduce energy-related geo-political risks.

Yearly investments as % GDP Avoided HC Fuel Costs - Renewables
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Developing Countries Can and Should Pursue the Dual Goal of Carbon
Neutral and Economic Growth

On the supply side, economics of new electric energies has already turned the corner in favour
of wind and solar PV. So it would be more expensive to remain on the fossil fuel path in many
sectors. Emerging Economy China and to an extent India, will have to address faster phase-out of
legacy assets though to meet the goals of the Paris Agreement. Industry will be able to look after
itself if it competes on the global market, which increasingly demands lower CO; products. They
will still be able to remain competitive on e.g. labour costs. Moreover, lagging countries risk rising
CO; related import duties for their export at the border of those countries actively implementing

energy transition strategies.

On the demand side it may be a bit more difficult. Energy efficient appliances and buildings
are key for lowest CO, emissions and overall cost of ownership, but the initial hurdle of higher
purchasing and investment costs may inhibit rapid and large scale application. Nevertheless, this

end-use (re)design is key for large scale electrification and here government policy intervention

- 37 -



IEEJ Energy Journal Special Issue  October 2021

will be needed for setting standards and facilitate financing.

Conclusion

Achieving the Paris Goals is not only a matter for the Advanced Economies. To he contrary,
success is highly dependent on the successful implementation of energy transition strategies by the
Emerging economies. This is particularly true for China and for those countries that are still
burning coal. Fortunately, unit costs are decreasing rapidly, making wind and solar cost competitive
globally. It is expected that this will also be the case for hydrogen in the next decade. Beside cost,
there are many additional benefits to aggressively execute energy transition strategies by all
countries. The required acceleration of actions will benefit from strong cooperation between
Advanced and Emerging Economies, and cannot afford that the political agenda gets frustrated or
blurred by other political topics. While Advanced and Emerging Economies can largely handle the
transition themselves, Developing Economies must get aid to not fall behind. This aid is likely as

much in financing as in building institutional and industrial capabilities and capacity.
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The Scenario Plausibility Vacuum

Roger Pielke it

Climate research is a natural fit for the use of scenarios, given its roots in long-term planning
and the energy industry and the need to offer projections far into the future. Early scenarios were
highly idealized and, for instance, focused on exploring what would happen if carbon dioxide
concentrations doubled from their preindustrial levels or increased at a steady rate of 1% per year.
The Intergovernmental Panel on Climate Change (IPCC) introduced scenarios not just to explore
scientific questions, but to project or predict alternative futures in order to inform decision making
related to adaptation and mitigation policy making.

The climate research community uses scenarios to “provide plausible descriptions of how the
future might unfold in several key areas — socioeconomic, technological and environmental
conditions, emissions of greenhouse gases and aerosols, and climate” (Moss et al. 2010). The
plausibility of scenarios is a concept that can be defined in a variety of ways (Ramirez and Selin
2014). Plausibility is obviously central to future-oriented scenario planning.

However plausibility might be defined, the IPCC has a design flaw in that across its three
working groups no one actually evaluates scenario plausibility. Indeed, in 2008 the IPCC noted of
its then-newly developed Representation Concentration Pathway scearnios, “It is an open research
question as to how wide a range of socioeconomic conditions could be consistent with a given
pathway of forcing, including its ultimate level, its pathway over time, and its spatial pattern”
(Moss et al. 2008). More recently, an author of the [IPCC AR6 chapter on scenarios noted, “We do
not consider the degree of realism of any one scenario.”® Scenarios are developed and used
without consideration of their plausibility.

In climate research and assessment, scenarios are prioritized and adopted for research
purposes with no consideration of their likelihood, probability or plausibility. This can lead to
confusion and misplaced research effort. For instance, the 2021 IPCC AR6 Working Group 1 report
noted that the most commonly used scenarios in climate research have been judged in the literature
to be low likelihood, and yet these scenarios made up ore than half of the total references to
scenarios throughout the report.’ Such a disproportionate focus on implausible scenarios has
potential to mislead. More generally, in a series of recent papers we have documented that the
IPCC, and indeed much of climate research, has focused attention disproportionately on implausible
scenarios and has largely ignored much more plausible scenarios (Burgess et al. 2020, Pielke and
Ritchie 2021a, Pielke and Ritchies 2021b, Pielke et al. 2021).

In one analyses we have assessed the alignment of key assumptions — specifically Kaya

* Professor, Environmental Studies Program, University of Colorado Boulder, US / Distinguished Fellow, IEEJ
1 https://www.vox.com/22620706/climate-change-ipcc-report-2021-ssp-scenario-future-warming
2 https://rogerpielkejr.substack.com/p/how-to-understand-the-new-ipcc-report
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Identity factors — of the IPCC ARS scenarios and Shared Socioeconomic Pathway scenarios with
observations of these variables and near-term projections of their evolution, as summarized in the

figure below (for details, see Burgess et al. 2020).

Baseline Range
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RCP-8.5
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The range of fossil fuel baseline emissions projected by the International Energy Agency in 2019 and 2020 lie almost entirely outside the
full range of baseline scenarios for the IPCC Fifth Assessment Report and the 5SP scenarios shaping the IPCC Sixth Assessment Report

We conclude:
Recent (post-2005) trends and energy outlook projections (to 2040) of global CO, emissions
are substantially lower than projected by baseline scenarios used in the IPCC’s Fifth (ARS)
and Sixth (AR6) Assessment Reports, and are well off-track from widely-cited high-emission
marker scenarios such as RCP8.5. We show that this divergence owes largely to per-capita
GDP and carbon intensity growth slower than projected in baseline scenarios. The gap
between observed and projected carbon intensity is very likely to continue to increase
throughout the 21st century due to the implausible assumptions high-emission scenarios make

about future fossil-fuel expansion

Thus, many scenarios that are at the focus of climate research and assessment have already
diverged from real-world trends, making them implausible representations of not just the present,
but also the future.

In a follow-on analysis we have identified the subset of scenarios that are consistent with
observations and near-term projections (Pielke et al. 2021). We find that about 10% of IPCC ARS
and SSP scenarios meet our most stringent criteria of plausibility. Under less stringent criteria
~27% of ARS scenarios and ~39% of SSP scenarios meet our criteria of plausibility. The figure

below summarizes the analysis of plausible scenarios (for details, see Pielke et al. 2021).
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The figure shows that the scenarios most consistent with trends and near-term observations
project a median warming in 2100 of ~2.2 degrees Celsius., in-line with SSP 3.4 scenarios. The
analysis further underscores the implausibility of the more extreme scenarios, such as SSP 6.0 and
greater.

Recent rends and near-term projections of carbon dioxide emissions offers optimism that a
worst-case scenario for the next several decades is likely a long-plateau in emissions and
approximately 3°C of warming by 2100. This perspective is supported by the envelope of scenarios
identified in the figure above as plausible. Of course, the future is uncertain and contingent on
policy choices. Decision makers around the world could choose to intentionally grow carbon
dioxide emissions, but that currently seems highly unlikely.

Deep decarbonization remains an enormous challenge, and net-zero carbon dioxide emissions
by 2050 — a common policy goal — remains outside the envelope of even the plausible scenario
trajectories, and thus its achievement will require additional policy efforts. However, the world sits
in an enviable position to take on this challenge, at least as compared to where IPCC baseline
scenarios — and some of the public discourse of recent years — projected the world to be in 2021. To
support deep decarbonization, climate research should develop, regularly update, and focus on
plausible scenarios to inform policy. A focus on plausible scenarios will require that someone take

responsibility for addressing the scenario plausibility vacuum.
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Energy Transition and Sustainable Growth

Yukari Yamashita”

From an environmental perspective, the year 2021 has been very important with the scheduled
COP26 meeting, later this year. There have been a series of events such as Biden’s climate change
summit, the release of the IEA Special Report, the ASEAN Summit, the G7 and G20 Energy and
Climate Ministers’ Meetings and finally the IPCC Sixth Report of the first Working Group
(AR6-WG1). The IPCC report states that it is unequivocal that human influence has warmed the
atmosphere, ocean and land*. The public’s response to climate change is accelerating and companies

are increasingly decarbonizing.

[Introduction]

This paper/summary is organized according to Session 2 of the April 2021 IEEJ/APERC
Symposium. Because climate change is a challenge facing all of humanity and cannot be solved
without all countries contributing a fair share, the Symposium invited representatives from different
countries to discuss their energy. Within the all-embracing philosophy of sustainable growth, the
main question was: “Can developing countries achieve the dual goal of carbon neutrality and
economic growth?”” The key is whether all humanity, including emerging and developing countries,
can tackle climate change while moving in the same direction. As specific measures for developing
countries cannot be fully and clearly identified, it would seem the carbon neutral (CN) movement is
not perfect.

For the Symposium, we also asked the speakers if they learn anything from Covid-19 that
would support achieving the CN target. Dr. Jirapongphan?, who has served in many key positions
in Thailand, including being the Minister of Energy, pointed out the importance of international
cooperation and the need of sharing the benefits of economic growth with other regions. He also
discussed overcoming the world efforts toward the decarbonization issue by utilizing all technologies,
despite social needs and cultural differences. The vaccines to combat the corona virus are an
example of international cooperation toward a common goal,

Dr. Srivastava of IIASA3, who has long been involved in energy and environmental policy in
India, explained that technological innovation should be expected, but warned that without a

change in people’s behavior, technology would not yield the expected effect. For example, when

* Managing Director, Charge of the Energy Data and Modelling Center, IEEJ

L IPCC 6th Evaluation Report, First Working Group Report, Summary for Policy Officers (SPM),

Sixth Assessment Report (ipcc.ch)

Dr. Siri Jirapongphan, Former Minister of Energy, Thailand, Current Advisor to the Ministry of Energy, Thailand

Dr. Leena Srivastava, Deputy Director General for Science, International Institute for Applied Systems Analysis
(IIASA)
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the pandemic behavior restrictions were lifted anywhere in the world, people quickly returned to
pre-corona customs only to face a third, fourth, and fifth wave. If we don’t quickly and fully reap
the benefits of innovation, the cost of CN will keep rising. She argued that the role of government

in introducing regulations and incentives is important for a successful energy transformation.

[Carbon Neutrality Targets and Challenges]

More than 120 countries and regions around the world have set “CN 2050 goals and many of
them aim to net zero GHG emissions by 2050. Consequently, carbon neutrality refers to not only
carbon dioxide but also includes all greenhouse gases (GHG) emissions (N2O, methane,
fluorocarbons, etc.). While it is difficult to completely eliminate emissions, net zero means that any
remaining direct emissions can be offset by the “absorption” or “removal” of emissions by other
means (Fig. 1). For the energy sector, reductions in carbon dioxide emissions are the main actions

to combat climate change.

Fig.1 Japan’s GHG Emissions and Image of 2050 Net Zero
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Source: Agency of Natural Resources and Energy Website :
https://www.enecho.meti.go.jp/en/category/special/article/detail 164.html

According to an IEEJ review* of the major countries (EU, UK, France, Germany, Japan,
China) that identified specific scenarios and measures to achieve their target, the 5 main
components that emerged are as follow. (1) energy saving, (2) electrification, (3) zero-emission
power generation (renewable energy, nuclear power), (4) measures other than electric power, (5)
absorption by forests, etc. for residual emissions, and CO, removal technology (BECCS, DACCS,

etc.).

4 Takahiko Tagami, “Trends in Major Countries toward Achieving Carbon Neutrality Targets: How Are Major
Economies Trying to Achieve Carbon Neutrality? ” (The 438th Annual Research Report Meeting), July 27, 2021.
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With the first 4 components, GHG emissions are expected to decrease by about 80% by 2050
and the remaining amount would use the 5" component to absorb and remove the surplus. Final
energy consumption will decrease by 30-40% from current levels, and the rate of electricity
consumption (as a percentage of final energy) will rise to 40-60% by 2050, excluding China which
expects 70%°.

The ratio of renewable energy generation, which is key to reach zero emissions in the
electricity sector, is slightly over 80% in the UK and EU, 75% in China and 54% in Japan. In 2050,
the share of nuclear power will be between 9 and 16 percent in most countries, except for France®,
which is highly dependent on nuclear power. Hydrogen, which is attracting attention as a new fuel,
accounts for about 20% of final energy consumption in 2050 in the UK and about 10% in China,
Japan, and the EU. Including synthetic fuels and synthetic methane, those fuels will account for
18% in the EU and 15% in Japan which is expected to be high in hydrogen.

Most countries would absorb less than 20% of total emissions by 2050 (compared to the
current level). While the amount of forest absorption in France and the EU should increase
significantly, Japan is currently on a downward trend, with only about 4% of GHG’s total in 2019.
The amount of absorption by CO, removal technologies, including CCS, is particularly large in
Japan (14%) and the UK (12%) relative to their total emissions in 2015-20.

[Emerging and Developing Countries and Carbon Neutral Targets]

According to the IEA’, only a limited number of CN-declared countries have specific policies.
Fig. 2 shows the CO, emissions of the APC (Announced Pledges Case) in the IEA roadmap
analysis. Compared to existing policy scenarios (STEPS) centered on current policies and existing
technologies, emissions will decrease by 14GtCO; in 2050, mainly due to reductions in China and
the United States, but emissions after the reduction will be 22GtCO., far short of net zero in 2050.
The APC includes 44 countries and the European Commission, which have so far announced net
zero and currently account for 70% of the world’s emissions and GDP. These countries are China,
the United States, the EU, Japan, South Korea, and others (U.K., Norway, South America, etc.).
Southeast Asia, India, and African countries where the ratio of energy demand to CO; emissions is
expected to increase in the future are not included in the APC; the future trends in these countries

will be key.

China’s power consumption rate in 2050 is as high as 71%, and power consumption will be the key to realizing CN.
France is targeting a combined share of 50% of renewable energy and nuclear power in 2035 but has not yet decided
on 2050.

7 According to the “Net Zero by 2050: A Roadmap for the Global Energy Sector” released in May 2021, CO» emissions
will only be reduced to 30Gt in 2030 and 22Gt in 2050, as shown by the Announced Pledges Case (APC).
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Fig. 2 Carbon Neutral Declaration Country Reduction
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The Economic Research Institute for ASEAN and East Asia

economic impact of aiming for carbon neutrality across ASEAN.

the economic impact of different target years scenarios for achieving CN (2050, 2060 and 2070).
The right side of Fig. 3 shows a scenario of ERIA/IEEJ analysis aiming for net zero by 2070. Until
2050, it is expected to shift from oil and coal-fired power generation to mixed-firing power
generation of gas, ammonia, and hydrogen, and gas-fired power generation with CCUS. From 2050
onwards, in addition to solar and biomass power generation, 100% hydrogen and ammonia power
generation will be required. Emissions from the transportation and industrial sectors are expected to

continue in 2070, requiring technologies such as DACCS and BECCS as a means of reducing the

remaining carbon dioxide.
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is expected to continue to rapidly grow for a few more decades, the ERIA/IEEJ analysis compares

Fig.3 Scenarios for Achieving Carbon Neutrality in 2070 across ASEAN
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The energy transformation towards achieving CN in the ASEAN region by 2070 will cause
energy prices to rise substantially. Electricity prices could triple from current levels and light oil

prices can rise five-times, straining people’s lives (Fig. 4).

Fig.4 Carbon Neutrality and Changes in Electricity and Diesel Oil Prices by 2070
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Source: ERIA-IEEJ, “Model Analysis for Carbon Neutrality in ASEAN by the Center for Economic Research
in East Asia and ASEAN (ERIA) (Current Edition) ” (June 2021)

The left side of Fig. 5 shows the marginal cost of reducing CO,. If the aim is to be carbon
neutral by 2070, the cost of reducing the last ton of CO, will exceed $700, due to a sharp rise in
costs after 2040. If the target is brought forward and CN is achieved by 2050, the marginal cost of
reduction will rise to more than $800/ton by 2050.

Fig.5 Marginal Reduction Costs and Ratio of Additional Costs to GDP
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Source: ERIA-IEEJ, “Model Analysis for Carbon Neutrality in ASEAN by the Center for Economic Research
in East Asia and ASEAN (ERIA) (Current Edition) ” (June 2021)
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The right side of Fig. 5 shows the annual additional cost expressed as a ratio to ASEAN’s GDP.
The ratio expands as various costs, including energy prices, rise and follows a different trajectory if
the net-zero is achieved earlier or later. If it is net-zero in 2050, the cost will rapidly increase to 4%
by 2040 then 7% by 2050, before declining to 5% of GDP by 2070. In the case of net-zero by 2070,
it is small in 2040, about 2% in 2050 and reaching 5% of GDP by 2070. Consequently, setting a
target year for achieving carbon neutrality early is expected to weigh on the economy, partly
because the cost of the necessary technologies has not come down sufficiently.

The many developed countries’ declaration for CN by 2050, should leave plenty of room for
reflection as to whether it is also desirable for emerging and developing countries to aim for CN by
2050. Those countries have not yet benefited from economic growth to the same extent as the
developed countries did.

Mr. Thomas, a debater at the IEEJ/APERC symposium and a former shell chief economist,
said the scale of investment required for rapid decarbonization was enormous. The level of
investments per capita in emerging and developing countries accounts for a significantly higher
share of GDP, and disproportionally burdens those countries. He also pointed out that the 1.5-
degree energy transformation to the world is a major issue that developed countries and some
emerging economies should address. The developed countries should cover in part the increased

investment burden on developing and emerging economies.

[In Conclusion]

The trend for “decarbonization”, which implies a move or transformation towards cleaner
energy, accelerated in part because of the introduction of additional policies for economic recovery
from the economic disaster caused by Covid-19. Nuclear power which could have played the
leading role for clean energy is becoming more costly, and there is a noticeable delay in its use in
developed countries. Except for renewable energy, there are no other existing technologies to rely
on.

The use of coal-fired power generation continues to increase in Asia which is considered the
economic growth center for the world. Coal use is increasing even in China despite its CN
declaration. Cars on the road will not be replaced by electric vehicles any time soon, and the need
for oil products will continue for some time. It is difficult not only for Japan but also for the Asian
emerging countries to completely and rapidly switch to renewable electricity. Therefore, it is
expected that the use of gas-fired power, which is the cleanest fossil fuel, will also continue for
some time. In the transition phase of the energy transformation, it is necessary for Asia to strongly
appeal to the world that decarbonization of fossil fuels is important.

With an expected drop in production cost, blue hydrogen could be an option for Asia as a
consumer and the Middle East as producers. It is necessary for countries to cooperate while
competing. To reduce the cost of new forms of energy, including hydrogen, it is essential to not
only create a demand, but it is also important to create rules and guidelines that reflect the

circumstances of Japan and Asia (such as international standards).
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For Asia, hydrogen will be an imported form of energy that relies on the willingness of foreign
countries to supply and perform CCS. Therefore, “Energy security” continues to be a challenge. It
is necessary to come up with a portfolio that considers responses through a variety of energy,
technology, and system combinations.

Dr. Srivastava, a presenter at the Symposium, said that it is possible to get close to CN if the
world fully utilizes the currently available technology. The CN targets can be achieved with the
addition of a few new innovations and technologies and CCS. However, she stressed (1) the
importance of strengthening international cooperation and governance based on a fair approach, (2)
the need for resetting economic infrastructure and development by including sustainability, and (3)
the will for spreading knowledge about sustainability throughout society. Mr. Thomas added that
nature-based solutions improve habitats.

Energy is taken for granted most of the time, and its importance only recognized during
emergencies. As the big wave of CN will be a major challenge for the next 30 years until 2050, the
need for concerted efforts to not leave anyone behind will become imperative.
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Can Developing Countries Pursue the Dual Goal of

Carbon Neutrality and Economic Growth?

Joan MacNaughton®

Introduction

The influential 2018 IPCC Report painted an alarming picture of the implications of a 2
degree versus a 1.5 degree scenario for global warming. In the wake of the report, countries
covering over half of global GDP had (as of June 2021 — according to the World Resources
Institute) committed to reach carbon neutrality in their economies, usually expressed in terms of
reaching ‘Net Zero’ by (mostly) 2050. This will be a stretch for any country. But for developing
and emerging economies, many of whom have experienced a big economic shock from the
pandemic, it will be especially challenging. Often, their position is exacerbated by currency
depreciation and/or greater exposure to the effects of climate change — including extreme weather
events or diminished viability of traditional crops. It is legitimate and important, therefore, to ask
whether they will be able to attain carbon neutrality while lifting their populations out of poverty.
In doing so, we need to recognise the wide variations within this somewhat loosely defined group —
in terms of stage of economic development, the characteristics of their energy sectors, differing
natural resource endowments, and share of population having access to modern energy services. So
what follows is an attempt to pull out the extent to which they may face different challenges, or

have different opportunities, from advanced economies — typically, but not universally, so.

GDP Growth and the Trajectory of Carbon Emissions

Historically, GDP growth has been closely correlated with increases in carbon emissions.
However in developed countries this link appears to have been broken, if one takes the chart below

at face value.

But there is a caveat here. While much of the decoupling has indeed been driven by changes in
fuel use, the application of clean technologies, and/or enhanced energy efficiency, some of it also
comes from offshoring production of goods consumed in those countries. This has led to an
increase in emissions attributed to the producing countries and an equivalent reduction for the
countries which are importing those goods. The effect is significant: in 2015, net imports
constituted one-third of the material-related carbon footprint of the EU; while net exports amounted

to 13% of China’s material-related emissions and 18% of the emissions from the BRITS (Brazil,

* Chair of the Board, The Climate Group / Distinguished Fellow, IEEJ
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Opportunities and Challenges for Developing Countries in the Low Carbon
Transition

Attribution of responsibility for emissions is particularly relevant to developing countries.
Many of those economies may be more reliant on sectors lower down the value chain, and their
economic strategy may entail growing such sectors further by utilising low cost labour. This
method of accounting for a country’s emissions potentially disadvantages them further; it goes to
the heart of how ‘Net Zero’ is defined for an individual country, given the current emphasis in
international negotiations on national contributions to reducing emissions. (Of course this is not the
only accounting issue around countries’ responsibilities — others include the weight to attach to
historical responsibility for the concentration of GHG’s in the atmosphere, or the significance of

per capita emission levels. But those are debates for another article.)

If one accepts (as I do) that clean economic growth is now entirely feasible, given the
availability and cost competitiveness of zero (or at least near zero) carbon technologies, the most
important challenge for developing economies is how to secure the needed investment. Some are
‘locked in’ to carbon intensive legacy infrastructure, such as low efficiency coal fired power
generation. For these countries, funding the early retirement of such assets on a large scale is even
more of an issue than for richer countries who have been progressively investing in higher
efficiency and cleaner generation. To take just one example, coal plant retirements have been
running at a record level in the US and no new coal plant projects are on the horizon. Most new

build coal generation is concentrated in less advanced economies.

1 Increased carbon footprint of materials production driven by rise in investments.
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Nor will those countries benefit from any recently discovered oil and gas reserves to the same
extent as long established oil and gas producing regions. Recent IEA analysis of oil demand and
prices under a net zero pathway? implies a price of $35 per barrel in 2035, which one suspects
would offer little or no return for projects which are at an early stage in their lifecycle, and hence
their payback period. Much attention seems to have focused on the destabilising effect of reduced
oil demand/prices in traditional oil producing countries; less so on the implications for countries

newly developing such resources.

The impact on developing countries’ economies of the transition away from traditional fuels is
not necessarily wholly negative. The net impact may even be positive. Energy efficiency (a key
component of the transition to Net Zero) is now assessed as a larger driver of economic growth
than most assume?®. It could well be a source of improved competitiveness for early adopters, and
also underpin affordability for the consumer; but only with the right policies in place to encourage

investment in high efficiency appliances or energy services.

For those countries who are net importers of oil and gas, reducing the carbon intensity of their
economies will reduce balance of payment deficits, and their exposure to oil (or gas) price volatility.
Perhaps most immediately, clean energy solutions will reduce deaths (and illness) associated with
air pollution. Even without attributing a specific value to avoided premature deaths, or pollution

induced illness, this is clearly worth a lot in economic terms — as well, obviously, as in human ones.

Air pollution emissions by pollutant and related premature
deaths, 2019 and 2030 Ieq

Air pollutants emissions Premature deaths

75 oo

Million people

[GEER 0 WEER S —— 2 e

NOy S0, PM, 5 QOutdoor Indoor

2019 M 2030 STEPS 2030 sDs

Air pollutant emissions fall slightly in the STEPS, but rising urban populations
lead to an increase in premature deaths from outdoor pollution to 2030

Moving to clean sources of energy not only drastically reduces mortality and morbidity

associated with air pollution; it helps tackle the lack of access to electricity currently afflicting

2 IEA ‘net Zero by 2050 — A Roadmap for the Global Energy Sector’, May 2021.
3 “Energy efficiency contributed 25% of UK economic growth between 1971 and 2013°, Guest post, Dr Paul Brockway,
Dr Marco Sakai, Prof John Barrett and Prof Peter Taylor, Carbon Brief.
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hundreds of millions of people — damaging their quality of life and constraining their ability to lift
themselves out of poverty. As well as access, the question of affordability must also be addressed.
The IEA assesses that increases in household energy bills will be relatively minor, but international
development assistance needs to flow to prevent this becoming a barrier to universal access to

clean energy.

Figure 4.14 > Average annual household energy bill in the NZE

Advanced economies Emerging market and
developing economies
Hydrogen-based
m District heating
! Bioenergy

USD (2019)

W Electricity

H Coal
Natural gas

® Oil products

@ Share of income
(right axis)

2020 2030 2050 2020 2030 2050

IEA. All rights reserved.

The proportion of disposable household income spent on energy is stable in emerging
market and developing economies, and drops substantially in advanced economies

Note: Hydrogen-based includes hydrogen, ammonia and synthetic fuels.

This matters enormously, for developing economies face a larger requirement for clean energy
investment and do so from a weaker economic position. The pandemic hit to their economies may
be expected to persist at least until their vaccination rates catch up with advanced economies, and
probably even beyond. Again the contrast with the advanced economies is stark — developing
economies are likely to have neither the balance sheet, nor the borrowing power, to inject
significant stimulus to help their economies recover and to do so in a way to advance their path to
Net Zero. The question to my mind therefore is not whether they can attain Net Zero while
fostering the economic growth needed to give their citizens an adequate standard of living. Rather,
it is whether they can be helped to get the necessary investment flowing on a scale that will set
them on a clean energy growth path. Richer countries must urgently make good on their promise,
from as long ago as COP 15 in Copenhagen in 2009, to mobilise $100bn a year to support climate
mitigation and adaptation measures in less affluent parts of the world. There must be development
aid to build capacity in developing countries — otherwise the development and implementation of
fit for purpose policy frameworks will take too long. Examples abound of what can be achieved —
such as the Under2 Coalition ‘Pathway’ project run by the Climate Group, supported by the
Norwegian government. But they are far from widespread enough. Without the right policy
frameworks, the risk premium attached to the cost of capital in developing countries will rule out

many otherwise viable projects. Unless private investors can be given confidence in the protection
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of private property rights, and in the predictability of regulatory decisions, the rate of flow of such

investment will be inadequate to save the climate from catastrophic levels of climate change.

It is a matter of enlightened self-interest for advanced economies to accelerate the ramp up of
investment in the developing world — if only to safeguard the planet as a place fit for human
habitation. But enlightened self-interest extends further even than that, to include greater overall
prosperity: joint modelling by the IEA and the International Monetary Fund estimates that making
the investments needed during the current decade to get to Net Zero by 2050 would add 4% to

global GDP by 2030*. One may wonder why governments are not moving faster to do so.

Writer’s Profile

Joan MacNaughton

Ms. MacNaughton chairs The Climate Group and the International Advisory Board of the New Energy Coalition,
and is a Non Executive Director of En+ Group plc., and of Heathrow Airport Holdings Limited. She sits or has sat
on several other boards in the academic, public and corporate sectors, and the Advisory Boards of the Grantham
Institute, the Joint Institute for Strategic Energy Analysis, and Engie UK plc. She is one time Vice Chair of the UN
High Level Panel on the CDM, former Chair of the Governing Board of the IEA, and a former Director General of
Energy in the UK Government.

4 IEA ‘net Zero by 2050 — A Roadmap for the Global Energy Sector’, May 2021.
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Net-Zero Emission Scenario and Energy Security

Nobuo Tanaka”

Net Zero 2050 (NZ2050): A Roadmap for the Global Energy Sector, a recent publication by
the International Energy Agency (IEA), is causing controversy worldwide. A comment by Dr. Fatih
Birol, Executive Director of the IEA, that all new oil and gas development projects must stop
immediately if NZ2050 is to be achieved, attracted a barrage of criticism from oil-producing
countries and oil and gas companies as an utterly unrealistic scenario. Saudi Energy Minister
Abdulaziz bin Salman dismissed NZ2050 as a fantasy similar to the movie La La Land; Russia
Energy Minister Alexander Novak mocked the scenario, stating that oil prices would surge to $200
if all investments were stopped immediately. Oil experts have criticized the IEA for being
inconsistent: calling for halting long-term investments while backing the need for investment in oil
in its short-term outlook. The IEA was established in 1973 as a strategic joint stockpiling mechanism
following the oil shocks, but this time it was the Agency that caused a shock among oil and gas

producers and companies.

First, we must note that the IEA scenario (roadmap) is not a forecast; it is a backcast drawn up
by setting a policy target to be achieved at a certain date in the future and then working backwards
based on a model to identify how the target can be achieved. So far, more than 120 countries
including European countries, Japan, and the US have pledged to go carbon neutral by 2050. If this
is to happen, the scenario estimates that at least 70% of power must come from wind and solar PV

by 2050, the power sector must achieve net-zero emissions worldwide by 2040, new cars with

Set near-term milestones to get on track for long-term targets 12a
IEA’s Net Zero by
2050
& No new ICE car sales
ectric cars are 50% of fuels used in
0% o sales Electrc hamy thicks aviation are sustainable
All new buildings are : i \,
No new sales of zero-carbon ready Most appliances and cooling et ‘;‘ existing buildings ¢ ¢ oating demand M‘?I'e_ Ehan BSsof
fossil fuel boilers : systamsarebestiin duss retrofitted to zero-carbon | © v heat Blimps buildings are
; _Buildings : Universal energy access ready levels zero-carbon ready

2020 2025 2030 2055 2040 2045 2050

No new unabated coal plants 1020 GW annual solar Overall net zero electricity Net zero electricity (Almost 70% of electricity
approved for development and wind additions in advanced economies sector globally generation globally from

i Phase-out of unabated coal Phase-out of all unabated
No new oil and gas fields in advanced economies i coal and oil power plants
approved for development,
and no new coal mines or

mine extensions :
150 Mt low-carbon hydrogen;
850 GW electrolysers 7

solar PV and wind

4Gt CO, captured 7.6 Gt CO, captured

* Special Advisor, Sasakawa Peace Foundation / Distinguished Fellow, IEEJ
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internal combustion engines (ICE) must be banned from 2035 (the EU has recently decided to do
s0), coal-fired thermal power must be banned from 2030, and new oil and gas development projects
must be banned from 2021 (Table 1).

None of these milestones in the IEA roadmap is easy to achieve, if at all. The criticism that the
roadmap’s scenario is “easier said than done” is understandable. However, it is not the IEA but the
governments that have pledged carbon neutrality that should be held accountable for setting

unrealistic targets and misleading the public.

Is decarbonization possible? No one knows the future, and scenario analysis is a way of
examining the uncertain future. We may not know the future, but we can at least prepare for it; this
is the underlying principle of security. In the oil industry, oil major Royal Dutch Shell is renowned
for its ability to create scenarios — it is believed to have drawn up scenarios anticipating the oil
shocks and the collapse of the Soviet Union. But creating scenarios is only half the battle. The
question is what Shell’s management decided to do based on them. The decisions Shell made based
on those scenarios are thought to include shifting from oil to liquefied natural gas (LNG) and
investing in the Sakhalin LNG projects. Shell’s 2050 net-zero emission scenario is named Sky 1.5.
When its original version appeared 3 years ago, the Sky scenario astounded everyone with its
boldness, and Shell themselves described it as visionary. However, with the recent revision of the
scenario, the CEO of Shell pledged in February this year that the company would expand the scope
of its 2050 net-zero emissions target to include all the products it sells, and declared that the
company’s oil production had peaked in 2019. While other European oil majors have also declared
that they will decarbonize, the decision must have been momentous for Shell. Nevertheless, in May
this year, a Dutch regional court ruled that the company’s efforts to reduce carbon dioxide are not
sufficient. The post-Covid world is moving quickly in search of safety and reassurance. Exxon
Mobil has recently been forced by a general shareholder’s meeting resolution to accept three board
members recommended by environmental activist investors. It is easy to criticize the IEA’s NZ2050
scenario as unrealistic and impossible, but it is up to the leaders of countries and companies to plan

what to do in case the scenario is implemented and to take bold action.

Middle East oil-producing countries and their state-run oil companies are likely to be affected
most by the trend toward carbon neutrality. Their enormous underground oil resources are at risk of
becoming stranded assets. Former Saudi Oil Minister Ali Al-Naimi, with whom I often talked when
I was the Executive Director of the IEA, said that “Saudi Arabia will aim to become a major solar
power country rather than a major oil producer.” He also said that the country will make not clean
coal but “clean oil.” It is possible to produce green hydrogen by using solar power, an inexhaustible
energy source, to electrolyze water, and to produce blue hydrogen by extracting hydrogen from oil
or gas and burying the emitted carbon dioxide back into oil wells. Ahmad Al-Khowaiter, CTO of
Saudi Aramco, says that “the technology for utilizing hydrogen is maturing and Aramco considers
that the hydrogen market is at an inflection point.” Even if petroleum loses its value as a source of

revenue for oil-producing countries, the carbon capture and storage (CCS) service, in which carbon
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dioxide is stored in old oil wells, will begin to create value. US OXY is considering selling clean,
negative-emission oil, produced by filling oil wells with carbon dioxide captured from the
atmosphere (Direct Air Capture, DAC) and using the pressure of the gas to recover oil (Enhanced
Oil Recovery, EOR). The oil produced this way locks away more carbon dioxide during production
than is emitted when consumed. European oil majors are more serious about exiting oil than US oil
companies. They appear to be taking the Covid shock-induced slump in oil demand not as a
short-term phenomenon but a precursor to larger structural changes, in which decarbonization
policies become the mainstream and changes in consumer behavior become the new normal. This
is presumably why BP and Royal Dutch Shell announced massive write-offs of resources of $17.5
billion and $22 billion, respectively, in 2020 in quick succession. The conventional business model,
in which the Seven Sisters oil majors and OPEC sell their underground resources drilled at a slow
rate through their own cartel at high prices to earn an economic rent, is becoming a thing of the

past.

Though its carbon dioxide concentration is lower than that of oil, natural gas will not remain
unscathed as decarbonization progresses. It is true that the US has managed to reduce carbon
dioxide emissions by replacing coal-fired thermal power with cheap and abundant supplies of
natural gas derived from the North American shale gas revolution; this marked the dawn of the
golden age of natural gas, which the IEA predicted 10 years ago. Indeed, gas-fired power will most
likely survive as a bridge fuel until coal-fired power plants cease to exist, but thereafter, gas will
also be required to decarbonize. Methane leakage is also a serious problem. An estimated 70 million
tonnes of methane is leaking in the world each year, with a greenhouse gas impact equivalent to the
entire CO, emissions of the EU. According to satellite images of the locations of leaks, the largest
source is Russia, followed by the US. This situation must be addressed immediately. The EU is
unlikely to accept natural gas as a clean energy unless it becomes free of methane and CO»
emissions. Even Russia, a monoculture economy based on fossil fuels, has now begun to consider a
strategy to convert oil and gas into blue hydrogen and export it. Also, in the world of liquefied
natural gas trading, a product known as clean LNG, which has had carbon emissions offset with
forestation and other means, has begun to appear in the market. NZ2050 estimated that oil demand

peaked in 2019; natural gas demand is also due to peak before 2030 (Table 2).

Figure 3.2 = Codl, oil and natural gas production in the NZE

oil

Coal

1990 2000 2010 2020 2030 2040 2050
IEA. All rights reserved

Between 2020 and 2050, demand for coal falls by 90%, oil by 75%, and natural gas by 55%
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If oil and gas suppliers are pinning their hopes on blue hydrogen, who will buy it? The biggest
prospective importers are emerging Asian economies that have high growth potential. Heavy and
chemical industries such as steel and cement are highly carbon-intensive and not easy to
decarbonize. The region also has many coal-fired thermal power plants. These infrastructure
facilities are still new compared to those of developed countries and will take several more decades
to depreciate. Clean hydrogen is essential to move forward with decarbonization while using
existing infrastructure. JERA, a thermal power joint venture by TEPCO and Chubu Electric, has
declared the goal of becoming carbon neutral by 2050, and the key to achieving that goal is the
mixed combustion of clean ammonia and coal in coal-fired power generation. A demonstration
experiment for 20% mixed combustion is currently under way, and ammonia-only combustion is a
future goal in sight. Natural gas turbines can also be decarbonized through mixed combustion of
hydrogen and, eventually, pure hydrogen combustion. Thermal power has been regarded as an
enemy by environmental NGOs, but with transformative ideas such as the use of clean ammonia
and hydrogen, thermal power generation can help achieve the dual goals of carbon neutrality and
economic growth. Innovative use of hydrogen is also entering the demonstration phase for the steel
and cement industries, which are hard to decarbonize. For the CO; that will remain even then, it
may be commercially feasible to launch a service for isolating the gas, transporting it through
pipelines, and storing it underground, or transporting it in liquid form to oil-producing countries
and sealing it in oil wells. The issue is cost. Fifty years ago, Japan successfully launched its first
LNG project in which Alaskan natural gas was liquefied and transported to Japan. Japan accelerated
the shift to natural gas by lowering the initial investment risk through guaranteeing long-term
offtake and linking its price to oil prices; going forward, Japan will need to build clean hydrogen
supply chains to meet the decarbonization demand of emerging Asian nations as well. Japan has
three technologies for transporting and storing hydrogen that are most useful for this purpose: clean
fuel ammonia, liquefied hydrogen carrier vessels, and organic hydride methylcyclohexane (MCH).
All the technologies are undergoing demonstration testing for transportation with Saudi Arabia,
Australia, and Brunei, respectively. Fuel ammonia will provide a means of transition for gradually
decarbonizing existing coal-fired thermal power infrastructure. The advantage of MCH is that it
can be handled in existing oil tanks and petroleum product carrier vessels as it is a liquid under
normal temperature and air pressure. It will provide a strategic stockpile of electricity by storing it
in oil tanks, of which there will be a surfeit going forward. Furthermore, liquefied hydrogen carrier
vessels will be an economic mode of transport when the demand for hydrogen rises in the future. It
will then be possible to create a business model that links hydrogen producer countries with Asian
consumer countries and leverages the unique advantages of both. The future challenge is how to

expand the scale and lower costs.

Along with transporting hydrogen and CO,, another way to spur clean energy trade is to
import renewable electricity through direct grid connection. The reason Europe can use large
amounts of wind and solar power is because it can adjust fluctuations thanks to its large,

Europe-wide electricity market. Europe is now planning to increase the storage of excess electricity
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in batteries and in hydrogen form as a means to address output fluctuations. Japan’s new Strategic
Energy Plan includes plans to increase the share of renewables in the power mix to 36-38% in 2030.
This is double the present level and is a daunting target. The grid coordination among Japan’s nine
power companies, which each have a regional monopoly, is poor, as symbolized by the country
being split into two major frequency zones, East Japan with 50 Hz and West Japan with 60 Hz. This
raises the risk of power cuts (as exemplified by the power cuts in the TEPCO area after the
Fukushima Daiichi accident and the prefecture-wide power cut caused by the earthquake off the
coast of Tomakomai in Hokkaido) and preventing the wider use of natural energies. With a
timeframe of 15 years, for example, it would be possible to integrate the frequencies between East
and West Japan, but will Japan make that decision? Dismantling the fragmented electricity markets,
currently divided into nine, and strictly separating the ownership of the power generation business
and the transmission business are the way to address Japan’s energy security and global warming.
This should also pave the way to establishing connections with the grids of other countries and
importing cheap and clean electricity. Europe is also planning to utilize its existing infrastructure
by injecting green hydrogen into its gas pipelines. At the Northeast Asia Gas Pipeline Forum
(NAGPF), a forum for advancing the linkage of gas pipelines between the five countries of Japan,
China, Russia, South Korea, and Mongolia of which I am the chairperson, we are planning to
consider mutually providing clean electricity through an interconnected grid network, and
hydrogen through pipelines. This will be a clean energy platform that can transform the energy

geopolitics of Northeast Asia in the future.

Hydrogen will help achieve net-zero emissions, protect the global environment, and enhance

energy security. The Golden Age of hydrogen is approaching.
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3. How will the Middle East Respond to
the Global Carbon Neutral Movement?
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How will the Middle East Respond to
the Global Carbon Neutral Movement?

Paul Stevens”

What ‘carbon neutral’ implies is complex. Carbon neutral is not equivalent to net-zero carbon
emissions because carbon neutral implies carbon offsets, which simply shifts responsibility to
someone else to reduce carbon emissions and some regard this as public relations in disguise i.e.
‘greenwashing’. For this brief paper, ‘carbon neutral’ will be treated as implying falling future
global oil demand and considers three questions: 1. Will there be a decline in global oil demand? 2.
What impact will this have on MENA producers? 3. What are the policy responses of MENA

producers?

1. Will There be a Significant Decline in Global Oil Demand?

The current energy transition from hydrocarbon molecules to electrons has been accelerating
and has been grossly under-estimated by the “Energy Establishment” such as the IEA, OPEC, other
analysts, and the major international oil companies (IOCs). Their main argument is that energy
transitions are slow. Historically this has been true. For example, the switch from wood to coal in
the USA (1865-1900) took 35 years. However, more recent transitions, especially when governments
have been involved, have been much faster. For example France’s switch from oil and coal to
nuclear — 10 years and the UK’s switch from coal to renewables — 8 years. Furthermore, the COVID
pandemic is probably increasing the speed. It has changed politics and the role of government
intervention. Thus the “Washington Consensus” of leave it all to market forces is dead. Voters now
expect governments to intervene in a crisis and climate change and poor urban air quality, which
are driving the transition, is now seen as a crisis. The pandemic has also prompted changes in
behaviour to reduce oil demand, notable working practices significantly reducing travel. Oil

demand has now peaked and is likely to decline rapidly.

2. What Impact will This Have on MENA Producers?

Obviously, the consequent fall in MENA’s oil revenues will create financial difficulties to
maintain the ‘social contract’ to provide subsidies and jobs and defuse domestic opposition to the
ruling elites. The figure below illustrates the IMF’s estimated fiscal break-even prices and the
actual price of Brent and clearly illustrates the problem. There will also be growing competition for

market share in a declining market and in an increasingly unpredictable and troubled region; this is

* Associate Fellow, Chatham House UK, Emeritus Professor, University of Dundee / Distinguished Fellow IEE]

- 73 -



IEEJ Energy Journal Special Issue  October 2021

likely to aggravate conflict with Saudi-Iranian relations at the forefront.

Fig.1 Fiscal Break Even Prices
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Sources: Fiscal breakeven https://data.imf.org/regular.aspx?key=60214246.
Brent: EIA Website

3. What are the Policy Responses of MENA Producers?

So far, for the most part, the tendency has been to ignore the problems and deny the energy
transition is a threat. However, it is increasingly clear this will no longer work as the transition
speeds up. New options are being considered. These include developing renewables, reducing
carbon emissions by use of carbon capture and storage, and developing hydrogen production to
name but a few. There are two major problems with these approaches. The first is that currently
many are unproven and high cost. The second is they lack the ‘economic rent’, which historically
has paid for their ‘social contract’ obligations. ‘Economic rent’ in a commodity is the difference
betweens the full cost of production including the require return on capital and the market price.
This is key. The MENA oil producers have always enjoyed a huge amount of ‘economic rent’. This
comes from two sources. First, low cost production creates ‘producers surplus’. Second, a rigged
market, which has characterized oil since 1945, has ‘super-normal profit’. There is little ‘economic
rent’ in renewables. There are limited cost differentials thus very little ‘producers’ surplus’ and the
market is extremely competitive thus no ‘supernormal profit’. Moves away from oil will be unable

to maintain the ‘social contract’ possibly encouraging a repeat of the ‘Arab Uprisings’ of 2011.

The only effective solution for the MENA countries to manage declining global oil demand is
to diversify their economies away from dependence on oil exports. Since the first oil shock of
1973-4 this has been promised regularly but, with few exceptions in MENA, has failed. The
reasons for this past failure are complex but revolve around the political economy of a weak private
sector arising from an absence of property rights and the rule of law coupled with the stifling

behaviour of ruling elites grabbing all the best deals for themselves. The issue goes back to the
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Soviet Union at the time of Mikhail Gorbachev. The debate was then: “can you have ‘perestroika’
(economic liberalization) without ‘glasnost’ (political reform)?” Russia said “no” but China said
“yes”. For the MENA region, it is clear that political reform will be essential if a vibrant private
sector is to lead the way to greater economic diversification. Absent this, the region is likely to face
an increasing number of failed states as oil demand and oil revenue fall dramatically undermining

the ‘social contract’ that has ensured economic and political stability for so long.
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Accelerating Global Decarbonization Trend and

Middle Eastern Challenges
Ken Koyama"

Introduction

Decarbonization and carbon neutrality initiatives are accelerating globally. In 2020, Japan and
the United States followed the European Union in announcing plans to reach net-zero greenhouse
gas emissions or carbon neutrality by 2050. China vowed to realize carbon neutrality by 2060.
More than 120 economies have already offered to achieve carbon neutrality by around 2050. On
the other hand, however, the world now depends on fossil fuels such as oil, natural gas and coal for
more than 80% of primary energy supply. Fossil fuels backed by abundant supply and excellent
price competitiveness support the global economy and civic life. A pathway from the present to
carbon neutrality would represent a thorough energy transition accompanied by revolutionary
changes.

At a time when fossil fuels account for most of global energy supply, the Middle East is the
center of fossil fuel supply including oil and natural gas/liquefied natural gas (LNG). As of 2020,
the Middle East commanded 31% of global oil production, 34% of oil exports and 26% of LNG
exports, being one of the world’s leading energy producers and exporters. For oil and gas producing
countries in the Middle East, oil and natural gas/LNG revenue plays the most important role in
stabilizing their economies, governments and societies. If the world enhances decarbonization
initiatives to reduce traditional fossil fuel consumption, it may exert huge impacts on the stability
and survival of Middle Eastern countries over a long term.

Based on the above awareness, | would like to summarize the global decarbonization trend, its

impacts on fossil fuel markets and the Middle East’s relevant initiatives and challenges.

1. Global Decarbonization Trend and Oil/Natural Gas Markets

Any country has prescriptions indispensable for achieving carbon neutrality. First, any country
must cap and reduce energy consumption by improving energy efficiency as much as possible and
promote renewable, nuclear and other non-fossil energy consumption. Second, any county must
promote electrification (raising electricity’s share of final energy consumption) as much as possible
and achieve net-zero emissions in the power sector. However, the two prescriptions are insufficient
for net-zero GHG emissions. The massive introduction of new fuels such as CO»-free hydrogen and

ammonia and negative emission technologies like direct air capture to collect CO, from the

* Senior Managing Director and Chief Economist at IEEJ
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atmosphere would be indispensable. Technological progress, market penetration, cost cuts and
social acceptance regarding these technological options are plagued with high uncertainties, leading
pathways to carbon neutrality to range widely, with multiple scenarios developed.

However, various scenarios for achieving carbon neutrality commonly include the high
likeliness of oil, natural gas and coal demand peaking out. In an analysis released in May 2021, the
International Energy Agency described that if the world realizes net-zero GHG emissions in 2050,
oil and natural gas production would decline by 75% and 55%, respectively, from 2020 to 2050,
with global oil and natural gas demand plunging. The IEA analysis represented one of various
future scenarios. Even if the world goes in the direction of carbon neutrality, future oil and natural
gas demand is very uncertain.

If global oil and gas demand goes in a downward direction, however, it may exert huge
impacts on oil and gas revenue that is indispensable for economic and social management in the
Middle East. This is because oil and gas revenue may substantially decline due to lower production
and export volume and a market shrinkage that may drive down prices. If decarbonization is
promoted over a long term to cut oil and gas consumption, oil and gas resources in the Middle East
may become stranded assets. The world going in the direction of carbon neutrality could pose grave
risks or threats to the Middle East.

2. Middle Eastern Initiatives and Challenges Responding to Global
Decarbonization

The global decarbonization trend basically exerts downside pressure on oil and natural gas
production in the Middle East. However, we must note that the competitiveness of Middle Eastern
oil and natural gas production featuring the world’s lowest cost can play a key role in the shrinking
market. If the entire market shrinks, the Middle East may take advantage of its high cost-
competitiveness to increase its share of the market. Nevertheless, it must be reiterated that oil and
gas production and exports in the Middle East would decline in volume. The production volume
fall would be combined with price drops to substantially lower oil and gas revenue for the Middle
East, forcing the region to make some responses.

In response to oil and natural gas revenue falls and stranded oil and gas assets, oil and gas
producing countries in the Middle East may have to phase out their dependence on oil and gas
revenue. There are various approaches to the phaseout. Among approaches that directly respond to
the global decarbonization trend and attract attention from the Middle East and energy stakeholders
in the world is the decarbonization of the region’s oil and gas resources for CO»-free hydrogen and
ammonia exports. Since Saudi Arabia hosted a summit of Group of 20 major countries in 2020, the
Kingdom became a center in the Middle East to advocate the concept of a carbon circular economy
seeking to decarbonize and utilize fossil fuels. The concept envisages that Middle Eastern countries
would produce hydrogen from their oil and gas resources and subject subsequent CO» emissions to
CCS (carbon capture and storage) or CCUS (carbon capture, utilization and storage) technologies,

resulting in CO»-free hydrogen (blue hydrogen) that would be exported to energy consuming
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countries to help them achieve carbon neutrality. International supply chains to produce hydrogen
as the ultimate clean energy fuel from fossil fuels, treat subsequent CO, emissions with CCS or
CCUS technologies and utilize such hydrogen in energy consuming countries would be developed,
including Middle Eastern oil and gas producing countries as the supply source. Technological,
economic and social challenges exist before the realization of the concept and must be overcome.
Particularly, ultralow temperature facilities and infrastructure would be required to produce and
transport liquefied hydrogen. In response, Saudi Arabia and Japan have cooperated in
demonstrating an initiative to use existing supply chains for CO,-free ammonia to lower overall
hydrogen supply chain development costs. They are promoting the strategic initiative to begin with
ammonia for the effective utilization of oil and gas resources in the Middle East in response to
global decarbonization.

As a matter of course, technological challenges exist in regard to relatively low cost CO»-free
ammonia, including the development of supply chains and relevant infrastructure to further reduce
costs and accommodate massive supply. More difficult challenges must be overcome for CO»-free
hydrogen. Numerous challenges would have to be overcome to pave the way for the Middle East to
contribute to global decarbonization and effectively use their domestic resources over a long term.
To this end, the Middle East would have to cooperate with Japan and other Asian countries that
would become major consumers of CO,-free hydrogen and ammonia.

Even if the Middle East successfully realizes massive CO»-free hydrogen and ammonia
exports through its own efforts and international cooperation, various other challenges may have to
be considered during the process. First, many resource-rich countries would tackle CO»-free
hydrogen and ammonia export initiatives in consideration of growing interests in the clean energy
fuels, leading to international competition. Second, global certification would have to be secured
for CO,-free hydrogen and ammonia. Another fundamental challenge is that rent from CO,-free
hydrogen and ammonia exports would be lower than from traditional oil or natural gas production.
Regarding rent levels, it must be remembered that oil prices under the current production
management of the Organization of the Petroleum Exporting Countries and other oil producing
countries are higher than those in a completely competitive market. Furthermore, CO»-free hydrogen
and ammonia supply chain costs, including CCS/CCUS and transportation costs, would be higher
than oil supply chain costs. The successful utilization of CO»-free hydrogen and ammonia is
expected to contribute to preventing oil and gas resources from becoming stranded assets, but rent
revenue from CO,-free hydrogen and ammonia would be lower than from oil. If so, a big challenge
would remain for economic and social management in oil and gas producing countries in the
Middle East.

In this sense, oil and gas producing countries in the Middle East would have to not only
decarbonize fossil fuels but also diversify and advance their economies structurally. Such structural
reform efforts would have to be enhanced in the future. In this area, their cooperation with Japan

and other major countries would be indispensable.
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3. Conclusion: Challenges for Stabilizing the Middle East

Oil and gas producing countries in the Middle East face a mountain of challenges in addition
to those regarding the globally accelerating decarbonization trend. Over the short term, they must
keep crude oil prices at levels required to secure financial resources for advancing their economies
for the future. To this end, they will have to continue difficult oil production adjustment in the
fast-changing international oil market.

Factors that complicate the international oil situation include the destabilization of the Middle
East. At present, we must watch how the U.S. Biden administration would handle its Iran policy
and how the Biden administration’s diplomacy giving priority to values including human rights and
democracy would influence the stability of the Middle East. As the United States gradually reduces
its engagement in and influence on the Middle East over a medium to long term, we would have to
pay attention to how China and Russia would enhance their respective engagement in the Middle
East. Particularly, we should watch how China would increase its presence in and influence on the
Middle East amid the intensifying U.S.-China confrontation and how such change would impact
the stabilization of the Middle East.

The stability of the Middle East will remain one of keys to that of the international energy
situation. Middle Eastern countries’ stabilization efforts are indispensable for the stability of the
Middle East. At the same time, their relations with major countries surrounding the region and the
geopolitical situation exert great influence on the regional stability. As the global decarbonization
trend complicates the Middle Eastern situation, the region must make further efforts for its
stabilization and prosperity. Middle Eastern countries’ future efforts will grow even more important

along with international initiatives to support their efforts.
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How will the Middle East and Other Resource-Rich Countries
Respond to the Global Carbon Neutral Movement?

Tatiana Mitrova"

Now, in the 21% century, humankind faces the threat of global climate change induced by
anthropogenic GHG emissions. As concerns about this challenge are growing, there is increasing
pressure from key stakeholders (population, representatives of civil society and NGOs, investors,

etc.) on governments to ensure immediate action adequate to the scale of this threat.

To address this threat, the global community is undertaking efforts to reduce these emissions,
focusing mostly on those of carbon dioxide (decarbonization), methane emissions are also a

separate issue for the oil and gas industry.

Adopted internationally in 2015, the Paris Agreement aims to limit global warming to well
below 2, preferably to 1.5 degrees Celsius, compared to pre-industrial levels in order to improve
adaptability to the consequences of climate change. The Agreement also aims to transition to
low-carbon development. At the same time, the UN adopted Sustainable Development Goals, e.g.,
to take urgent action to combat climate change and its impacts (Goal 13) and to ensure access to

affordable, reliable, sustainable, and modern energy for all (Goal 7).

As of today, 189 states have joined the Paris Agreement (including Russia, the USA rejoined
the Agreement in February 2021).! All member countries are voluntarily committed to reducing
net atmospheric emissions of CO; and other GHG. So far, more than 130 countries have stated their

goals to achieve carbon neutrality (i.e., net-zero CO, emissions) by 2050.

Given this new environment, resource rich countries such as Russia, Saudi Arabia and other
Gulf producers face new challenges. First of all, their key customers announce carbon neutrality
and plans to reduce dramatically their consumption of hydrocarbons. For example, late in 2019, the
European Union announced a comprehensive legislative initiative, the European Green Deal, which
focuses on having all EU member states achieve 100% climate neutrality by 2050. On September
17, the European Commission presented its 2030 Climate Target Plan, in which the main objective
is the reduction of greenhouse gas (GHG) emissions to at least 55% below 1990 levels by 20302
instead of the 40% proposed in 1990. In October 2020, the European Commission presented a new

* Professor and Research Director, Energy Center, SKOLKOVO Business School

I https://unfccc.int/process/the-paris-agreement/status-of-ratification

2 https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?
fileName=EU%20Commission%20Unveils%20EU%20Climate%20Target%20P1an%202030_Brussels%20USEU_
European%20Union_09-26-2020#:~:text=0n%20September%2017%2C%20as%20part,existing%20target%200f%2040
%20percent.
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strategy for methane emission reduction. The draft legislative policy called the Carbon Border
Adjustment mechanism (CBAM), which will establish the carbon price for importing certain goods

into Europe, was published in July 2021.

And it’s not only EU: in September 2020, China announced its commitment to achieving
carbon neutrality by 2060 and to pursuing green development.® In October 2020, Japan and South
Korea made similar commitments to carbon neutrality by 2050. Canada in January 2021 also
announced carbon neutrality by 2050.* The new US administration is also preparing ambitious
Climate Plan and regards CBAM.

Many Paris Agreement signatories have either already launched CO, emissions trading
systems (or some other forms of carbon pricing and taxing) or are set to do so in the near future.
Many are introducing bans on the use of combustion engines, setting targets for the proportion of
renewable energy sources in their national energy balance, or setting targets for the proportion of
low-carbon fuels in their fuel suppliers’ basket. As is clear, various decarbonization initiatives are

gradually taking shape throughout the world.

Reducing GHG emissions is becoming an important objective not only for governments but
also for businesses in all sectors and for the investors, who are starting to consider the climate risks
of potential investments and are starting to withdraw from those that produce high emissions, in
particular, the ultra-heavy oil, Arctic oil and tar sands. For instance, major global investors, such as
BlackRock, the World Bank, JP Morgan, the Swedish pension fund Sjunde, the Norwegian
Government Pension Fund Global, Goldman Sachs, Deutsche Bank, BNP Paribas, Societe
Generale, the European Investment Bank, Allianz, and more, have all made statements saying as
much and launched corresponding initiatives. Worldwide, thousands of corporate and private
investors, whose joint asset control amounts to more than $14 trillion, have committed to divesting

from the fossil fuel industry.

Given all this, the development prospects of the oil and gas producing countries, one of the
noticeable GHG emitters that accounts for 12% of global GHG emissions, are directly dependent

on their ability to decarbonize.

Decarbonization of the hydrocarbon producing economies is not an easy task: they are heavily
dependent on oil and gas export revenues, many of them have “Dutch disease” and their economies
(and energy sectors) are not really diversified well to be prepared for the Energy Transition. Energy
sectors of the oil and gas producing countries in the MENA and CIS regions have two main options

to diversify their revenues and to reducing their carbon intensity:

3 China pledges to become carbon neutral by 2060. September 22, 2020.
https://www.theguardian.com/environment/2020/sep/22/china-pledges-to-reach-carbon-neutrality-before-2060
4 https://ihsmarkit.com/research-analysis/canada-upgrades-decarbonization-plan-.html
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1. Decarbonization of oil and gas sectors. There are already plenty of methods known how to
decarbonize molecules:
e Operational methods
o Operational efficiency improvement. Although the primary objective of operational
excellence is lowering production costs, in many cases those initiatives also result in
carbon footprint reductions. This is a primary short-term focus with the lowest, or even
zero, additional financing.

o Recycling, reuse, and the utilization of secondary energy sources. Oil and gas
companies are becoming more active in using the circular carbon economy principles.
They use and process CO,, convert the emissions into products with a smaller carbon
footprint, and minimize their carbon footprint by reusing materials and resources.

o Energy efficiency. The efficient use of energy resources by oil and gas companies is one
of the cheapest methods for reducing GHG emissions. IN the short-term majority of the oil
and gas companies focus their decarbonization efforts on efficient energy and resource use.
According to some of the companies that participated in this research via interviews, up to
40% of decarbonization opportunities are commercially viable even without additional
financing.

o Effective monetization of methane and APG. Methane leaks and APG flaring account for
up to 45% of total industry emissions, which is why reducing them is a top priority, especially
assuming that it is a relatively easy thing to do, for which companies have technologies
available. This is also a primary focus of several syndicated initiatives, such as the Oil and
Gas Climate Initiative (OGCI)®, Global Methane Alliance® and Methane Guiding Principles’,
who work in conjunction with oil and gas companies. Initiatives like these often represent low,
or even no, cost options for reducing GHG emissions.

e Shifting to low carbon energy sources. More and more, oil and gas companies are focusing
on renewable energy and electricity storage for their own operations, biofuels as a substitute
for traditional feedstock, and also low-carbon fuels for the marine transportation of their
products.

e Corporate strategy methods of decarbonization
o Optimized portfolios include divestments (removing unattractive, carbon-intensive
assets), M&As allowing for resource quality improvement and diversification within the
new less carbon-intensive business (first of all increasing their activities in natural gas and
NGLs), restructuring, development of the petrochemical business, and creation of
corporate venture capital funds focused on innovation in the fields of methane leakage

5 https://oilandgasclimateinitiative.com/
6 https://www.ccacoalition.org/en/activity/global-methane-alliance
7 https://methaneguidingprinciples.org/
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reduction, operational efficiency, CCUS, hydrogen technologies, and more. A few
important emerging aspects of corporate decarbonization strategies include industrial
cooperation on R&D, venture investments, and the piloting of deep decarbonization
projects in order to increase the quality and speed of these new technologies’
developments and to understand whether these tools may fit well into the longer-term
plans of a company.

o Oil and gas companies are becoming increasingly interested in the petrochemical and
chemical industry, as well. They see the potential for synergy through integration with oil
refining systems, as well as potential for the monetization of available raw hydrocarbons,
improvement of output marginality, and realization of decarbonization goals.

o Trading and offsetting carbon credits is taken with a caution, with a selective approach
taken to the origin and verification of credits or offsets. “Reduce what you can, offset the

rest” emerges as a prevailing approach.

o Increasingly, oil and gas companies are looking into projects focused on nature-based
carbon sinks, albeit with apprehension in the selection of the project and of the project
partners due to the inherent difficulty of measuring the impact of nature-based carbon
sinks, as well as the negative publicity associated with not yet matured projects.

¢ Finally, most of the oil and gas producers have deep decarbonization visions and strategies
involving carbon capture, utilization, and storage (CCUS) projects and the use of
hydrogen as fuel. There are Middle Eastern and Russian companies with projects in various
stages of construction and operation. These projects currently rely on extensive government
subsidies and would not be feasible without such support. However, the total capacity of
operating assets is far below the forecast demand for decarbonization methods. Today’s
operating CCUS projects have an annual CO, capacity of just 10 Mt. By 2050, the annual
volume of CO; capture and storage in volumetric equivalent may reach 4,6GtCO; per year,
which is comparable with the scale of today’s global oil industry annual production. It is

representing a new, major diversification opportunity for the oil and gas industry.

2. Diversification of the fuel mix and development of RES supports diversification of the
whole economy, thus providing for financial sustainability of the resource-rich countries and
reduction of their carbon footprint. All economies in the Middle East (which enjoy high level
of insulation) as well as Russia (which has the largest wind potential in the world) are keen to
develop their domestic renewable sectors. They create special programs and stimulus in order

to incentivize such projects, and indeed there is a visible progress made in this direction.

Summing up, movement to net zero is irreversible and it creates an existential threat for the
resource-rich countries such as Russia or Middle-Eastern oil and gas producing economies.
Nevertheless, this situation is not hopeless, there are different opportunities for these countries to

adapt to the new reality and to create new drivers for their economic growth and prosperity.
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Carbon Neutrality Policies in Persian Gulf Countries

Shuji Hosaka"

Ending Oil Age

In the 20th century, oil-producing Persian Gulf countries took advantage of oil resources for
accumulating huge wealth. In the early 21st century when oil and other fossil fuels were criticized
for causing global warming, however, their situation turned around.

Gulf countries have acknowledged their dangerous dependence on oil resources and taken
various initiatives to phase out the dependence in response to internal pressure and climate change.
For instance, the United Arab Emirates in 2006 launched Masdar, also known as the Abu Dhabi
Future Energy Company, which seeks to exploit renewable energy for achieving zero emissions. In
2009, the UAE announced a target of boosting renewable energy’s share of its total power
generation capacity to 7% by 2020. It then attracted the International Renewable Energy Agency
(IRENA) for commercializing renewable energy technologies and promoting the sharing of
knowledge about renewables to be headquartered in its capital city of Abu Dhabi.

Saudi Arabia for its part has promoted research on renewable and other new energy sources
mainly at the King Abdul Aziz City for Science and Technology (KACST,) the King Abdullah
Petroleum Studies and Research Center (KAPSARC) and the King Abdullah City for Atomic and
Renewable Energy (KACARE.)

Then, however, Gulf countries’ energy policies responded to their energy consumption
expansion amid population growth rather than climate change. They attempted to hold down their
domestic oil and natural gas consumption through the introduction of renewable energy and nuclear

power plants and increase oil and gas export revenue, giving priority to economic benefits.

Oil-Producing Gulf Countries’ Visions

Since the early 21st century, the Gulf Cooperation Council members released their respective
national visions calling for reducing their dependence on oil and diversifying their economies. In
Saudi Arabia, for instance, then Deputy Crown Prince Muhammad bin Salman (now Crown Prince
and known as MbS) took the initiative in launching a bold economic reform project titled “Saudi
Vision 2030 (SV2030)” in 2016. SV2030 emphasized the role of renewable energy but fell short of
discussing global warming or climate change in its text. It pointed out responses to energy
consumption expansion accompanying rapid population growth, instead of consideration to the
environment. It set the initial renewable energy power generation target at 9.5 gigawatts. Under the

King Salman Renewable Energy Initiative, the National Renewable Energy Plan and other later

* Board Member, Director of JIME Center, IEEJ
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initiatives, however, the target renewable energy power generation for 2030 was raised to 58.7 GW,
accounting for half the total power generation.

In oil-producing Gulf countries, fossil fuels have traditionally accounted for almost 100% of
power generation. Given their long sunshine hours, however, it has been natural for them to pay
attention first to sunlight as renewable energy before looking to wind and nuclear energy.

Symbolizing this trend was the NEOM smart city initiative announced by MbS in October
2017. The planned 26,500-square-kilometer NEOM smart city will be built along the Red Sea coast
to generate power mostly with solar and wind energy. In January 2021, THE LINE project was
unveiled as the core of the NEOM initiative, envisaging an eco city that would be 170 km long,
have a population of one million without cars or streets and depend only on clean energy without
CO; emissions.

The UAE for its part announced a new energy strategy in 2017, vowing to raise clean energy
sources’ share of its energy mix to 50% and improve energy consumption efficiency 40%. Both
Saudi Arabia and the UAE are planning large-scale government reorganizations to respond to new
energy strategies. Saudi Arabia has formed the inter-ministerial Supreme Committee for Energy
Mix Affairs for Electricity Production and Enabling Renewable Energy Sector as its highest
decision-making body for renewables, chaired by MbS.

Projects Beginning to be Implemented

Regarding solar photovoltaics, the UAE’s Emirates Water and Electricity Company in 2019
launched the 1.177 GW Noor Abu Dhabi solar power plant, then the world’s largest solar PV
facility. In April 2021, Saudi Arabia opened the 300 MW Sakaka solar power plant as its first
commercial solar PV facility.

As for other new energy projects, the UAE launched Unit 1 of the Barakah nuclear power
station built by a South Korean consortium in August 2020 and Unit 2 of the same station
successfully connected to the UAE’s national transmission grid in September 2021. In Saudi Arabia,
KACARE in June 2011 announced a plan to build 16 nuclear power plants by 2030.

Since 2020 when the COVID-19 pandemic started its global spread, oil-producing Gulf
countries accelerated their energy transition further in view of a substantial contraction in oil
demand. It is no accident that hydrogen has attracted attention as a clean energy in oil-producing
Gulf countries. In September 2020, Saudi Arabia’s state-run oil company Saudi Aramco and the
Institute of Energy Economics, Japan (IEEJ,) launched a demonstration project to produce blue
ammonia through the separation and capture of CO> from natural gas and transport it to Japan. In
January 2020, Japan’s Ministry of Economy, Trade and Industry signed a memorandum of
understanding with Abu Dhabi National Oil Company on cooperation in fuel ammonia and carbon
recycling. In this way, cooperation between Japan and oil-producing Gulf countries in the
hydrogen/ammonia area began to make rapid progress. Oil-producing Gulf countries have
proactively promoted cooperation in the hydrogen/ammonia area with China, South Korea, the

United States, Germany and France, as well as Japan.
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Oil-producing Gulf countries had initially given priority to green hydrogen and ammonia
produced from renewable energy but have begun to focus on blue hydrogen and ammonia produced
from their abundant fossil fuel resources including natural gas with CCS (CO; capture and storage)
or CCUS (CO; capture, utilization and storage) technologies. They have long been interested in
CCS and CCUS technologies for the effective utilization of fossil fuels. Among them, Saudi Arabia

and the UAE have taken the initiative in this area.

Circular Carbon Economy

At meetings of Group of 20 leaders and energy ministers hosted by Saudi Arabia in September
2020, a Circular Carbon Economy (CCE) platform was approved to reduce, reuse, recycle and
remove CO; emissions.

The CCE platform is seen as a decarbonization initiative communicated by Saudi Arabia to the
international community. Furthermore, MbS announced the Saudi Green Initiative and the Middle
East Green Initiative in March 2021, setting out ambitious targets to plant 10 billion trees in Saudi
Arabia or 40 billion trees in the entire Middle East, to boost renewable energy’s share of Saudi
Arabia’s power generation to 50% by 2030, to cut CO, emissions by 130 million tons through
hydrocarbon technology for absorbing CO, and to reduce CO- emissions in the Middle East by
60%.

In the Middle East, Saudi Arabia and the UAE have seemingly taken a lead over others in
promoting decarbonization. Among other countries in the region, Qatar has announced some
energy efficiency improvements and renewable energy projects. Kuwait, though among oil-
producing Gulf countries, has made no visible progress in decarbonization. Iran and Irag may be

too busy tackling serious domestic and external problems to consider full-blown carbon neutrality.

Net Zero by 2050 Roadmap

In May 2021, the International Energy Agency (IEA) released Net Zero by 2050: A Roadmap
for the Global Energy Sector to achieve net zero CO, emissions by 2050 in the world. In the
roadmap, the IEA cited measures required to attain net zero emissions by 2050, including an
immediate halt to investment in new fossil fuel supply projects and others that are tough for the oil
industry and oil-producing Gulf countries. Saudi Arabian Energy Minister Abdulaziz bin Salman
branded the IEA report as a sequel to the Hollywood film “La La Land,” concluding that the report
was not worthy of serious consideration. This may be interpreted as indicating that oil-producing
countries could fail to survive if the roadmap comes true.

Nevertheless, even the roadmap does not envisage zero oil consumption. As low-cost oil is
projected to survive even though with oil consumption falling from 90 million barrels per day in
2020 to 24 million bpd in 2050, oil-producing Gulf countries are likely to increase their share of the
global oil market temporarily. As a matter of course, crude oil prices are predicted to plunge to $24

per barrel in 2050 due to a substantial drop in oil demand, indicating that those Gulf countries
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would have difficulties in maintaining “rent.”

Towards Carbon Neutrality

The problem is whether oil-producing Gulf countries could maintain their respective political
regimes if they go in the direction of carbon neutrality. Excluding Kuwait, oil-producing Gulf
countries are dictatorial monarchies. In this sense, their governments have a free hand in
implementing large-scale political, social and economic reforms. However, the reason their
governments have a free hand is that the governments or the regimes have distributed oil wealth to
citizens. Oil-producing Gulf countries have already launched painful reforms including the
introduction of value added tax (VAT.) In Oman, Bahrain and other financially weak countries
among them, public discontent has been growing. Regimes failing to guarantee affluence for
citizens could weaken.

Oil-producing Gulf countries must continue investing in fossil fuel development to maintain
their oil and natural gas revenue. However, the European Union Taxonomy and other regulations
are making fossil fuel investment from the West difficult. Oil-producing Gulf countries now can
expect investment only from domestic players and China. They could break away from Western
countries and come under growing Chinese influence.

Numerous Middle Eastern countries are trying to achieve carbon neutrality targets through
technological cooperation with China as well as Western countries including Japan. They have
produced no exclusive innovations for carbon neutrality, leaving their technological cooperation
with advanced economies to remain important for the immediate future.

However, massive funds are required for such technological cooperation. Supported by wealth
accumulated with oil and natural gas revenue, oil-producing Gulf countries have promoted various
projects to phase out oil consumption and carbon emissions as described above. However, it is
contradictory for them to sell fossil fuels to break away from dependence on fossil fuels.
Furthermore, it is growing difficult for them to sell fossil fuels. They have reached a crucial stage.

In the 1930s, natural pearl industry that was life base for local people in the Gulf region was at
the brink of disintegration. Oil rescued them from the crisis and has brought far greater wealth to
the region. As the 21st century has started, however, the oil industry has begun to end. Ironically,
however, oil is still the only remedy to the oil industry that has fundamentally supported Gulf
countries.

“Saudi Arabia is no longer an oil country, it’s an energy-producing country,” Saudi Arabian
Energy Minister Abdulaziz said in June 2021. The remark should be interpreted as indicating a
hope for Saudi Arabia. If oil-producing Gulf countries fail to make a soft landing for achieving
decarbonization, the entire Middle East may destabilize. To avoid such a development, Japan and

other advanced economies should cooperate with the region.
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