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Introduction

The Japanese government’s Green Transformation (GX) Implementation Council released its
draft “Basic Policy for the Realization of GX” on December 22, 2022'. As purported measures to
achieve carbon neutrality, it includes the restart of nuclear power plants and extending their years
of operation, the co-firing of hydrogen and ammonia in thermal (fossil fuel) power plants and car-
bon capture and storage (CCS), overemphasizes so-called “innovative technologies,” and it devi-
ates from the Sixth Strategic Energy Plan’ that was adopted by Cabinet Decision in October 2021.
With the deepening climate crisis and a narrowing window to achieve the 1.5°C target, there are
fears that government policies like these will be ineffective as climate change countermeasures,
and in fact, have the oppose effect by failing to direct funding to where investment is really need-
ed, and delaying the necessary actions.

Kiko Network’s position paper entitled “Hydrogen and ammonia co-firing in the power sector:
Japan is choosing to expand fossil-fuel extraction and perpetuate coal and LNG” * highlighted
these issues by analyzing CO, emissions and production costs during the ammonia production
stage. Ammonia does not emit CO, during combustion, but it does emit a large amount of CO,
when it is being produced, so the CO, life cycle emission reduction benefits are minimal. In ad-
dition, ammonia poses many problems in terms of energy security and self-sufficiency because it
means relying on overseas sources for raw materials such as natural gas and coal. On top of that,
nuclear power, ammonia, and CCS come at high cost, and already they are not competitive with
renewable energy in electricity generation. Despite all of this, the government decided to go ahead
and pour a huge amount of public and private funds into the GX Basic Policy, and to lock in a
framework a promote it.

In that context, this paper summarizes the background and details behind the government’s pro-

motion of ammonia, and recommends how Japan should change course going forward.

1. Current status of coal-fired power generation and fuel
ammonia

(1) Current status of coal-fired power generation

As of January 2023, 169 generating units were operating at coal-fired power plants in Japan. In
FY2021, coal power generated 282.6 billion KWh of electricity. This was equivalent to 32.7% of

1 https://public-comment.e-gov.go.jp/servlet/PcmFileDownload?seqNo=0000245694 (in Japanese).

2 https://www.enecho.meti.go.jp/en/category/others/basic_plan/

3 https://www.kikonet.org/wp/wp-content/uploads/2022/01/posision-paper-hydrogen-ammonia_english_
revised220121.pdf


https://public-comment.e-gov.go.jp/servlet/PcmFileDownload?seqNo=0000245694
https://www.enecho.meti.go.jp/en/category/others/basic_plan/
https://www.kikonet.org/wp/wp-content/uploads/2022/01/posision-paper-hydrogen-ammonia_english_revised220121.pdf
https://www.kikonet.org/wp/wp-content/uploads/2022/01/posision-paper-hydrogen-ammonia_english_revised220121.pdf

Japan’s total electrical power supply. Under the Sixth Strategic Energy Plan, the government proj-
ects coal at 19% of Japan’s electricity power supply mix in 2030, which is far from completely
phasing out coal by 2030, something that is necessary to achieve the 1.5°C target. Moreover, the
plan lacks effective measures to achieve this goal.

Figure 1. Forecast of the energy mix based on Aggregation of Electricity Supply Plans

Source: Created by Kiko Network from OCCTO’s Aggregation of Electricity Supply Plans for FY2023.

A summary of the 2023 electricity supply plan compiled by the Organization for Cross-regional
Coordination of Transmission Operators (OCCTO), shows coal’s share in 2021 at 32%, signifi-
cantly exceeding the government’s projection (Figure 1). The Fifth Strategic Energy Plan (2018)"
states that Japan would undertake to “fade out” inefficient coal-fired power plants, and in July
2020 the Minister of Economy, Trade and Industry (METI) announced a policy of closing about
100 inefficient units at coal-fired power plants’. However, only three existing coal-fired power
plants have been closed since 2020, namely Tokuyama Plant Central Power Station No. 5, Saijo
Unit 1, and Nakoso Power Station No. 10, and it is clear that very few operators currently have
any plans to close others.

Meanwhile, large coal power plants such as Taketoyo Thermal Power Station Unit 5 and Misu-
mi Thermal Power Station Unit 2 started operation in 2022, while Saijo Thermal Power Station
Unit 4, Kobe Thermal Power Station Unit 4, and Yokosuka Thermal Power Station Units 1 and 2
are scheduled to start full-scale operation in 2023 or later.

Thus, coal-fired power generation is still on the rise in Japan, and its carbon dioxide emissions

4 https://www.enecho.meti.go.jp/en/category/others/basic_plan/5th/pdf/strategic_energy_plan.pdf
5 https://www.meti.go.jp/speeches/kaiken/2020/20200703001.html (in Japanese).
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https://www.meti.go.jp/speeches/kaiken/2020/20200703001.html

are increasing as a result. There are a number of factors behind this situation. First, to date Japan’s
national energy policy has treated coal as an important baseload power source and has promoted
its expansion based on claims that efficiency will be increased. Second, Japan has created a capac-
ity market as part of its electricity system reforms and implemented policies to provide substantial
financial support for power sources, including existing coal-fired power plants. Third, besides
recognizing biomass co-firing in existing coal-fired power plants as a measure to reduce emissions
under the Act on the Rational Use of Energy and other legislation, starting this year, Japan also

recognizes and encourages co-firing with hydrogen and ammonia.

(2) Current status of ammonia co-firing

Japan’s largest power producer, JERA, announced its “JERA Zero CO, Emissions 2050 initia-
tive on October 13, 2020°. JERA’s roadmap indicates that (1) all inefficient coal-fired power plants
owned by JERA are to be closed by 2030 (only Hekinan Units 1 and 2 are below supercritical
technology), (2) ammonia and hydrogen will be co-fired with fossil fuels in thermal power plants,
and (3) the co-firing ratio of such fuels will be gradually increased. At present, however, ammonia
co-firing has only been tested in a single location (Hekinan Thermal Power Station in Aichi Pre-
fecture), and the co-firing rate at the start of trials in 2021 was only 0.02% of the fuel ratio. The
Taketoyo Thermal Power Station (which has started operating) and Yokosuka Thermal Power Sta-
tion (currently under construction) do not have ammonia co-firing equipment, and no trials have
been conducted at any other coal-fired power plants. In other words, while JERA tries to present
the image that it aims to reduce emissions, it is actually increasing emissions by building new fa-
cilities.

The government supports ammonia co-firing through its Green Innovation Fund and GX Strate-
gy, etc. Because of that, besides JERA’s Hekinan Thermal Power Station Unit 5, existing and new
coal-fired thermal power plants continue to be maintained in anticipation of possible future regu-

latory and economic support for ammonia co-firing.

(3) Status of CO, emissions from the production and use of ammonia

Ammonia is a compound of hydrogen and nitrogen, with the chemical formula NH;. Ammonia
is being used worldwide today as an agricultural fertilizer. It is a flammable gas, highly toxic, and
may cause allergies, asthma and breathing difficulties if inhaled, and can damage the central ner-
vous system and lead to respiratory problems. It is designated as a deleterious substance, requiring

stringent protocols for handling. Ammonia began to attract attention as a fuel after it was recog-

6 https://www.jera.co.jp/en/corporate/about/zeroemission


https://www.jera.co.jp/en/corporate/about/zeroemission

nized that it could be used as a hydrogen carrier, because the volume of hydrogen can be reduced
through reactions with nitrogen in order to be transported. In order to use hydrogen as a fuel, an-
other reaction is required to produce hydrogen from ammonia, but since this process also involves
costs and consumes energy, the idea that ammonia itself could be used as a fuel has attracted inter-

est.

Ammonia (NH,) itself does not contain carbon (C), so it does not emit CO, when burned. How-
ever, to produce ammonia from hydrogen, a catalytic reaction at high temperatures and pressures,
known as the Haber-Bosch process, is currently employed. This process requires a great deal of
energy and generates a large amount of CO,’. Even if hydrogen currently being produced by ther-
mal power generation is instead produced by electrolysis of water using renewable energy, as long
as the ammonia is produced by the Haber-Bosch process, large amounts of CO, will inevitably be
emitted. Considering these processes to produce ammonia, “zero-emission thermal power” is not

possible if ammonia is being used as a fuel to generate electricity”.

(4) Status of co-firing and 100% firing with ammonia

The government’s roadmap, as portrayed in the “Green Growth Strategy Through Achieving
Carbon Neutrality in 2050” (Green Growth Strategy)’ announced in June 2021, states that 20%
ammonia co-firing in coal-fired power plants will be deployed by 2030, but hydrogen and ammo-
nia will account for only 1% of Japan’s energy mix in 2030. In the long term (to the year 2050),
the strategy is to boost the co-firing ratio (above 50%) by developing heat absorption technology,
and to actively promote the development of 100% ammonia firing technology, aiming for com-
mercialization by replacing existing thermal power plants.

While coal-fired power generation relies on burners for the combustion of solid fuel, the only
reported successes in trials for 100% ammonia firing to date have been with gas turbines. One
reputed advantage of ammonia is that it can use existing coal power infrastructure, but to achieve
decarbonization with 100% ammonia firing in the future, the equipment itself would have to be re-
placed. Thus, the use of fuel ammonia has very little potential to reduce CO, emissions and cannot
contribute at all to the substantial emission reductions that are needed by 2030. Besides its high
costs, in terms of technology development and infrastructure, the idea of “zero-emission thermal

power generation” is highly unrealistic.

7 Ichimura Masaya, Journal of Japanese Scientists Vol 57, December 2022 (in Japanese).

8 Kiko Network, Position Paper “Hydrogen and ammonia co-firing in the power sector: Japan is choosing to expand
fossil-fuel extraction and perpetuate coal and LNG” https://www.kikonet.org/wp/wp-content/uploads/2022/01/
posision-paper-hydrogen-ammonia_english_revised220121.pdf

9 Green Growth Strategy Through Achieving Carbon Neutrality in 2050 <https://www.meti.go.jp/english/policy/
energy_environment/global_warming/ggs2050/index.html>
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2.A|.system to promote ammonia and keep coal power
alive

(1) Background

The moves toward co-firing ammonia with coal and 100% ammonia firing to generate electric-
ity emerged after the administration of former prime minister Yoshihide Suga came into power
(September 2020). The earliest indications came on October 13, 2020, when JERA announced
its “JERA Zero CO, Emissions 2050 initiative, placing at its center the aim of co-firing ammo-
nia with coal in thermal power generation and achieving 100% ammonia firing sometime in the
future. Research and development on co-firing with fuel ammonia had been conducted under the
Cabinet Office’s Strategic Innovation Promotion Program (SIP) from 2014 to 2018. The final re-
port presented findings that ammonia, as a hydrogen carrier, can be used directly as fuel without
being converted back to hydrogen, that a calorific ratio of 20% ammonia had been successfully
co-fired with natural gas, and that nitrogen oxide generation had been suppressed. Discussions
about fuel ammonia had proceeded based on those claims'’.

On October 16, the Growth Strategy Council was established at the Prime Minister’s Office'’,
and on October 26, then-Prime Minister Suga announced Japan’s goal of “net zero emissions by
2050.” The next day, the Public-Private Fuel Ammonia Promotion Council was established within
the Agency for Natural Resources and Energy. This council includes companies such as JERA and
J-POWER that own coal-fired power plants, as well as manufacturers of thermal power plants,
and trading companies. The deliberations were basically closed to the public, and an interim report
was released on February 9, 2021. This interim report covered issues to be addressed in promoting
fuel ammonia, including (1) domestic legislative arrangements for fuel ammonia use, (2) design of
systems to control supply-side CO, emissions, (3) development of international standards for fuel
ammonia use, (4) port and marine transport infrastructure, (5) financial support, (6) strengthening
resource diplomacy and international cooperation, and (7) Green Innovation Fund programs. A
basic policy for the Green Innovation Fund was adopted on March 12, 2021.

Deliberations regarding decarbonizing thermal power generation proceeded at METI, and on
December 25, 2020 “the Green Growth Strategy Through Achieving Carbon Neutrality in 2050
was presented to the Growth Strategy Council, along with a roadmap for the use of fuel ammonia,
which included starting 20% ammonia co-firing at coal-fired power plants by around 2030. Pro-
posed reference values for the energy mix in 2050 were 50 to 60% for renewables, 10% for hy-
drogen and ammonia, and 30 to 40% for nuclear and decarbonized thermal power. Those numbers
became the basis for nuclear and thermal power policies going forward.

10 Strategic Innovation Promotion Program (SIP), First Issues Review, Final Report, Section 3.4 “Energy Carriers,”
pp 104-105 (in Japanese) https://www8.cao.go.jp/cstp/gaiyo/sip/siphokoku-3.pdf (in Japanese).

11 https://www.cas.go.jp/jp/seisaku/seicho/pdf/konkyo.pdf (in Japanese).

12  https://www.meti.go.jp/press/2020/12/20201225012/20201225012-1.pdf (in Japanese).
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In April 2021, the government announced a policy of “aiming to cut GHG emissions by 46%
by FY2030 relative to 2013 (and striving for a higher goal of 50%),” and on June 18 that year, it a
“Green Growth Strategy Through Achieving Carbon Neutrality in 2050 based on METI’s Green
Growth Strategy. The strategy mentions “maximizing the use of thermal power generation based
on CO, capture” and “creating a fuel ammonia industry,” and also looks at demand in Asia.

The government’s growth strategy treats ammonia as a decarbonized fuel, and ammonia co-fir-
ing in coal-fired power plants or 100% ammonia firing as decarbonized sources of electricity.
Around the world, the transition to a decarbonized economy to achieve carbon neutrality by 2050,
and linking this transition to economic growth, has been proposed as a sort of Green New Deal. A
coal-phase out is a key part of such policies. The problem with Japan, however, is that it is putting
ammonia co-firing and 100% firing at the center of its “Green Growth Strategy Through Achiev-
ing Carbon Neutrality in 2050” policies, even though they do not contribute to decarbonization.
In fact, they have the opposite effect. By using regulatory and economic support to extend the life
of coal-fired power generation, the government ends up internally compromising its own policies.
In fact, after “the Green Strategy” was announced, the domestic regulatory system for fuel ammo-
nia (Act on the Rational Use of Energy, Sophisticated Methods of Energy Supply Structures) was
portrayed as if the each of the issues raised in the Interim Report of the Public-Private Council
could be resolved, and a framework was created to promote more than 150 trillion yen of GX in-
vestment aimed at large-scale decarbonization and to guide an international deployment strategy.
These issues will be discussed further below.

Table 1. Government moves related to ammonia co-firing in coal-fired power plants

Oct 13, 2020 JERA announces “JERA Zero CO, Emissions 2050”

Oct 26, 2020 Prime Minister Yoshihide Suga’s “Net zero by 2050” declaration

Oct 27,2020 Agency for Natural Resources and Energy’s “Public-Private Fuel Ammonia Promotion
Council”

Dec 25,2020 MET/’s “Green Growth Strategy Through Achieving Carbon Neutrality in 2050”

Feb 09, 2021 “Public-Private Fuel Ammonia Promotion Council - Interim Report”

Feb 26, 2021 J-POWER “BLUE MISSION 2050” announced

Mar 12, 2021 Basic policy for Green Innovation Fund programs announced
*The Green Innovation Fund of 2 trillion yen was established in the New Energy
and Industrial Technology Development Organization (NEDO) as part of the third
supplementary budget for FY2020.

Apr 22,2021 Government announces target of cutting GHG emissions by 46% by FY2030 relative to
2013 (and striving for a higher goal of 50%)

Jun 18,2021 Government announces "the Green Growth Strategy Through Achieving Carbon
Neutrality in 2050"

Oct 22, 2021 Cabinet Decision: Sixth Strategic Energy Plan

Nov 2, 2021 World Leaders Summit at COP26
*Prime Minister Kishida: “Japan will develop leading projects worth 100 million USD
to transform fossil-fuel-fired thermal power into zero-emission thermal power such as
ammonia and hydrogen.”




Feb 1,2022 METI Industrial Science, Technology and Environment Bureau: GX League Basic
Concept announced

Mar 1,2022 Cabinet Decision to adopt amendments to Act on the Rational Use of Energy;
Sophisticated Methods of Energy Supply Structures; JOGMEC Act. Then submitted to
Diet

May 13, 2022 Amendments enacted: Act on the Rational Use of Energy; Sophisticated Methods of
Energy Supply Structures; JOGMEC Act; Electricity Business Act

May 19, 2022 Agency for Natural Resources and Energy: Interim Report on "Clean Energy Strategy"

Jun 10, 2022 GX League 2022 kickoff

Jul 27,2022 Cabinet Secretariat: First GX Implementation Council

Dec 6, 2022 Prime Minister Kishida policy speech

Dec 16, 2022 Joint meetings start for GX Promotion Sub-Committee and Sub-Committee on Next-
Generation Energy Supply and Demand Structure Aiming for Carbon Neutrality by 2050

Dec 22, 2022 5th GX Implementation Council: *“Basic Policy toward the Realization of GX” announced

Figure 2. Percentage of installed capacity of coal-fired power plants, by company

Source: Japan Beyond Coal, as of January 2023.

Please refer to map and data from Japan Beyond Coal for the capacity of each operator.

(2) Background to METI advisory council discussions on fuel ammonia co-firing
with coal

The details of council discussions on plans for fuel ammonia co-firing with coal for electricity
generation are almost identical to JERA’s roadmap and presented in the Interim Report of the Pub-
lic-Private Fuel Ammonia Promotion Council as the government’s own roadmap. As shown in the
figure below, the plan is to start with 20% ammonia co-firing in the 2030s, expand the mix ratio in
the 2040s, and start 100% ammonia firing by 2050.



Figure 3. Roadmap for the introduction and expansion of fuel ammonia

Source: Interim report of Public-Private Fuel Ammonia Promotion Council

meeting

Various advisory councils were established under METTI in response to the Interim Report of

the Public-Private Council, after which specific programs were rolled out at a rapid pace at the
direction of the Agency for Natural Resources and Energy (see Appendix1: Structure of advisory
bodies related to hydrogen and ammonia and Appendix 3: Schedule of ammonia-related meetings,

written in Japanese). The timeline and discussions are listed as follows, with a focus on major de-

velopments and decisions.

Table 2. Timeline and decisions of government councils and committees after inauguration of

Suga administration

Prime

Basic Policy

Subcommittee on Next-
Generation Energy
Supply and Demand

Joint Thermal Power
Working Group,

is inaugurated

Year | Month | Major decisions, | Minister's Office, . . Ammonial
Subcommittee Structure Aiming for )
etc. etc. . Decarbonized Fuels
Carbon Neutrality by Subcommitiee
2050
Suga administration Joint Coal Thermal
2020 Sep 9 Power Working

Group




2050 Carbon
Neutral (CN)
Declaration

Basic Policy

Oct Public-Private Subcommittee
Fuel Ammonia
Promotion Council
Basic Policy
Nov Subcommittee
METI: Green
Growth Strategy
Dec Through Achieving | (2050 reference | Basic Policy
Carbon Neutrality | values) Subcommittee
in 2050 (Green
Growth Strategy)
Basic Policy
2021 Jan Subcommittee
Interim Report
of Public-Private | (2050 reference | Basic Policy
Feb . )
Fuel Ammonia | values) Subcommittee
Promotion Council
Basic Policy for Basic Policy
Mar | Green Innovation .
Subcommittee
Fund programs
2030 target raised Coal-fired Thermal
Aor (46-50% reduction Basic Policy Power Working
p from 2013, coal Subcommittee Group, Interim
19%) Report
IEA2050 Net Zero Basic Policy
May Roadmap (RITE Report) Subcommittee
Prime Minister’s
Office: Green
Jun Growth Strategy Basic Policy
Through Achieving Subcommittee
Carbon Neutrality
in 2050
Jul Basic Policy
Subcommittee
Basic Policy
Aug Subcommittee
Kishida
Oct | administration is
inaugurated
Nov COP26 Glasgow
Climate Pact
Prime Minister Kishida policy
Dec | statement (clean energy, zero Joint Committee (1)
emissions, ammonia)
Clean Energy
2022 | Jan Strategy Joint Committee (2)
Expert Panel
(1)
Feb Joint Committee (3)
Hydrogen and
Ammonia Joint
Mar Joint Committee (4) (5) Subcommittee on

Decarbonized Fuel
Policies

Apr

Joint Committee

(6) (7)




Agency for Natural
Resources and Clean Energy
; Strategy Joint Committee (8) draft
May | Energy: Clean .
Expert Panel Interim Report
Energy Strategy @)
Interim Report
Amendment of Act
Jun on the Rational Use Basic Policy
of Energy, etc. Subcommittee
G7 Elmau Summit
GX
Jul Inplementation
Council (1)
GX
Aug Inplementation
Council (2)
Basic Policy
Sep Subcommittee
GX
Oct Inplementation
Council (3)
GX
Nov | COP27 Inplementation Joint Committee (9) (10)
Council (4)
GX
Dec Basic Policy for GX Inplementation Basic Pohgy Joint Committee (11)
Implementation Subcommittee
Council (5)
Joint Committee -
2023 Jan Interim Report

A number of committees were established and engaged in discussions under the Advisory Com-
mittee on Natural Resources and Energy (Agency for Natural Resources and Energy), including
the Basic Policy Subcommittee, the Energy Conservation and New Energy Subcommittee, and the
Resources and Fuels Subcommittee, and they were further subdivided. It was an unprecedented
number of committees and frequency of meetings. The members of the GX Implementation Coun-
cil, which focused on the GX (Green Transformation), were almost entirely from related indus-
tries (see Appendix 2: Council/committee member list, written in Japanese). Almost no one from
civil society organizations or any person who might challenge METI’s proposals was included. It
could be said that government and industry (the related sectors) have been working closely togeth-
er, without involving civil society, to promote the provisional targets for 2050 as presented in the
METI-led Green Growth Strategy.

As for ammonia, the Sixth Strategic Energy Plan, adopted by a Cabinet Decision in October
2021, states that “Japan will work to overcome technical issues so that they can function as major
supply and regulating powers in the electric power system in 2050,” and hydrogen and ammo-
nia will account for about 10% of the energy mix. It also establishes a framework with the target
of “aiming at 20% ammonia co-firing in coal-fired power generation by 2030, demonstration of
co-firing/single fuel firing will be promoted.”

Based on the premise of achieving carbon neutrality by 2050, the annual demand for hydrogen



in Japan is expected to be as much as 3 million tons by 2030, including 3 million tons of ammonia

(approx. 500,000 tons hydrogen equivalent).

In December 2021, Prime Minister Fumio Kishida announced in his policy speech the promo-
tion of clean energy and zero-emission ammonia co-firing in thermal power generation. A joint
committee was established to include the Industrial Structure Council and subcommittees of the
Advisory Committee for Natural Resources and Energy. This is where the GX (Green Transforma-
tion) roadmap was created, including a shift in Japan’s nuclear energy policy, and over the course
of a year the basic policy for the realization of GX was formulated. The Expert Panel on Clean
Energy Strategy set up by the Prime Minister’s Office in January 2022 morphed into the GX Im-
plementation Council in July that year (note the word choice of “clean” rather than “green,” which
created a bridge toward the construction of new nuclear power plants). However, rather than being
led by the Prime Minister’s Office, it was just a stepping stone for the government to use METI’s
ammonia co-firing with coal and CCS policies. There was nothing to stop ammonia from perme-
ating Japan’s decarbonization policies for thermal power generation. In addition to positioning
ammonia and CCS as decarbonization measures in the policy, also conspicuous was the shift in
nuclear policy, which additionally positioned nuclear power as a decarbonized power source after
the summer of 2022. Through this process, ammonia was included as part of the GX Basic Poli-
cy, and a plan was hatched for a total of 150 trillion yen in public and private funds for ammonia
over the next decade, including a proposal to issue 2 billion yen in GX Transition Bonds (tentative
name).

In this way, at the root of the government’s basic policy of ammonia-coal co-firing being so
strongly promoted we find JERA, Japan’s largest coal-fired power plant operator and top CO,
emitter, and its “Zero CO, Emissions 2050 initiative. Through complicity between METI and this
business operator that has vested interests in coal, investments have flowed into ammonia technol-
ogies that will keep coal-fired power generation going, not contribute to emission reductions, and
harness profits.

The GX Basic Policy also includes a section on carbon pricing. Carbon pricing in Japan has
been significantly delayed for many years due to the electric power industry’s long-standing
blocking of its implementation.

(3) Strengthening the regulatory framework

In June 2022, the Act on the Rational Use of Energy, the Act on Sophisticated Methods of En-
ergy Supply Structures, the Japan Energy and Metals National Corporation (JOGMEC) Act and
other legislation were bundled together in the Bill of Partial Revision of the Act on Rationalizing
Energy Use and Other Acts in Order to Establish Stable Energy Supply and Demand Structure
(tentative translation). The bill was deliberated by Diet and passed. This was in response to what

was stated in “the Green Growth Strategy Through Achieving Carbon Neutrality in 2050” (June



2021): “The legal status of fuel ammonia is still unclear in relation to energy policy, as ammonia
has never been envisioned for fuel use. While introducing and expanding the use of fuel ammo-
nia, we will take measures to ensure that it is evaluated under the law through the realization of
non-fossil values under the Act on Sophisticated Methods of Energy Supply Structures and de-
ducted from energy input when calculating power generation efficiency under the Act on the Ra-

tional Use of Energy (Energy Conservation Act).”

Under the Act on Sophisticated Methods of Energy Supply Structures, nuclear power and re-
newable energy are referred to as “non-fossil energy,” and the share of non-fossil energy at elec-
tricity retailers is set at 44%. This amendment to the Act on the Rational Use of Energy, however,
added the category of “non-fossil energy,” to include hydrogen and ammonia derived from fossil
fuels, and stipulated that institutional and financial support are to be provided to promote them.
Similar arrangements were made under the Act on Sophisticated Methods of Energy Supply Struc-
tures. The use of hydrogen and ammonia derived from nuclear power or fossil fuels will in effect
prolong the life of existing coal-fired power plants rather than shift toward renewables.

Furthermore, documentation for the bill mentioned no details about hydrogen, focusing only
on ammonia. In response to a question raised in Diet deliberations as to whether “gray” hydrogen
or ammonia (derived from fossil sources) would be included, the government response was that
“gray” will also be included for the foreseeable future. As mentioned above, the use of gray am-
monia results in virtually no CO, emission reductions.

Meanwhile, the production, liquefaction and storage of hydrogen and ammonia have been add-
ed to the mandate of JOGMEC, creating the institutional arrangements for it to engage in these

areas and promote hydrogen and ammonia projects.

(a) Act on the Rational Use of Energy

With the 2022 amendment, this Act’s scope of the “rationalization of energy use” (improve-
ment of energy intensity) was expanded to cover not just fossil energy but all sources, including
non-fossil energy. The government is treating hydrogen and ammonia as non-fossil sources of
energy. In the benchmark for thermal power generation, the policy treats hydrogen and ammonia
similarly to biomass, subtracting the amount used for co-firing. Thus, this system creates the il-
lusion of higher efficiency and encourages ammonia co-firing as a transition energy. The result is
a system that encourages ammonia co-firing as a transition from fossil to non-fossil energy. The
name of the act was amended to “Basic Policy on the Rationalizing Use of Energy and Shifting to

Non-fossil Energy” (Revised Act on Rationalizing Energy Use).

(b) Act on Sophisticated Methods of Energy Supply Structures

As with the Act on the Rational Use of Energy, hydrogen and ammonia are treated as non-fossil

energy together with nuclear energy sources and being promoted as decarbonized fuels. Regarding



how hydrogen and ammonia are produced, the apparent approach for the foreseeable future is to
avoid questioning whether or not they are fossil fuel derived. The Act on Sophisticated Methods
of Energy Supply Structure even includes thermal power plants if they are equipped with CCS and

encourages their use.

(c) Japan Oil, Gas and Metals National Corporation Act (JOGMEC Act)

With the 2022 amendment, the production and liquefaction of hydrogen and ammonia, as well
as storage, were added to the scope of JOGMEC’s investment and debt guarantee operations, as
well as investment in and geological exploration for CCS projects. The act’s name was changed to
the Japan Oil, Gas and Metals National Corporation Act and the official name has been changed
from “Japan Oil, Gas and Metals National Corporation” to “Japan Organization for Metals and

Energy Security.”

(d) Electricity Business Act

This Act was amended to establish a system requiring prior notification for the decommission-
ing of power plants, and in the name of securing power supply capacity, placed restrictions on ear-

ly closures of inefficient coal-fired power plants.

(4) Capacity market: Maintaining coal and promoting co-firing with non-fossil
energy

Meanwhile, the capacity market provides a strong incentive to maintain existing coal-fired
power plants. The capacity market was established in 2020 with the aim of securing stable supply
capacity into the future by charging electricity retailers a portion of the fixed costs of power gen-
eration facilities and adding charges to wheeling charges. In the past, electricity rates were paid
based on the amount of electricity generated (measured in kilowatt-hours), but with the capacity
market, separate from conventional electricity rates, power producers are also paid for supply ca-
pacity (measured in kilowatts). OCCTO conducts auctions to secure supply capacity four years
ahead, and power generation companies that win in the bidding receive a fee based on their in-
stalled capacity.

The problem is that power sources under the renewable energy feed-in tariff (FIT) scheme are
excluded from the auctions, so old power plants that have already been fully depreciated will have
the advantage, which means that aged thermal (fossil fuel) and nuclear power plants could end up
being kept operating long term.



(a) Auction contract results

Auctions were held for FY2024 in 2020 and for FY2025 in 2021, with the winning contracts at
the upper limit price of 14,137 yen/kW in the first year, but area prices dropped sharply to 3,495
yen/kW and 5,324 yen/kW in 2021. The actual results were as follows.

Table 3. Contract results of previous capacity market auctions

2020 2021
Total contracted
capacity 167.69 GW (167,690,000 kW) 165.34 GW (165,340,000 kW)
(nationwide)
Hokkaido area 5,242 yen/kW
Contract price All areas 14,137 yen/kW Areas excluding Hokkaido and Kyushu

3,495 yen/kW
Kyushu area: 5,242 yen/kW

Total t ted
otal contracte 1,598.7 billion yen Approx. 514 billion yen
amount

Hydro 13.31 GW (7.9%)

Pumped hydro 21.38 GW (12.8%)
Coal, etc. 41.26 GW (24.6%)

LNG 70.94 GW (42.3%)

Petroleum and other 13.42 GW (8.0%)
Nuclear 7.04 GW (4.2%)

Other renewable energy 290 MW
(0.2%)

Hydro 13.09 GW (7.6%)

Pumped hydro 22.47 GW (13.1%)

Coal, etc. 40.98 GW (23.9%)

LNG 72.32 GW (42.2%)

Petroleum and other 13.48 GW (7.9%)
Nuclear 8.56 GW (5.0%)

Other renewable energy 310 MW (0.2%)

Bid ratio by
method of power
generation

* The total contracted amount is based on “transitional measures,” with a certain discount rate (42% in FY2024) set for
the contracted amount to secure capacity of power sources built before the end of FY2010, reducing the amount paid.
About 80% of the total consists of nuclear and thermal power (hydro is at about 20%), and
coal-fired thermal power accounts for about a quarter of the entire total. In effect, these measures
provide economic support for existing thermal and nuclear power, and they function as incentives
to keep them operating. They do not lead to the closure of coal or other existing power sources.
The aim should have been to encourage investment in new power sources, but the system is by no
means functioning this way. In fact, it is hindering the deployment of renewable energy, which is

not even included in the system.

(b) Expanding the capacity market, promoting co-firing with hydrogen and
ammonia in existing thermal power plants: Investment in new decarbonized
power sources

In July 2022, the Eighth Interim Report (draft) was compiled by the Institutional Review Work-
ing Group of the Subcommittee on Basic Policy on Electricity and Gas. The report mentions a

policy of adding a market to secure investment in power sources: “In the long term, the prospect



of a long-term return on investment is uncertain due to deregulation, and investment in power
sources, which involves long construction times and large investments, is stagnating. Therefore,
in order to ensure investment in power sources, it is necessary to introduce a mechanism to secure
long-term fixed revenues for investments in new power sources.” These have come to be referred
to as new “long-term decarbonized power supply.” As shown below, the power supply in question
is coal- or LNG-fired power sources planned to be co-fired with gray hydrogen and ammonia. In
retrofitting/upgrading existing coal-fired and natural gas-fired power plants for co-firing, capital
costs for upgrades, operating expenses and business revenues for the co-firing will be funded over
a period of 20 years. For the construction of new natural gas-fired thermal power plants, projects
are eligible even if co-firing starts in ten years, and funding is generous, including new fixed costs.

This means that thermal power generation will continue over the long term, with electricity
consumers footing the bill. This is indeed a means of helping to prolong the life of coal-fired pow-
er plants and to expand natural gas-fired power plants, using occasional “power supply shortages”
during extreme weather events as a justification. Long-term decarbonized power auctions are
scheduled to start in FY2023.

Scope of long-term decarbonized power auctions in capacity market (long-term decarbonized

power supply) (YES indicates within scope)

1: New coal-fired power plant projects that include co-firing with ammonia or hydrogen =~ NO
2: New LNG-fired power plant projects assuming co-firing with ammonia or hydrogen ~ YES
3: Upgrade projects for existing coal-fired power plants to co-fire with ammonia or hydrogen ~ YES

4: Upgrade projects for existing LNG thermal power plants to co-fire with ammonia or hydrogen ~YES

(5) Ammonia utilization in NEDO and JOGMEC power generation projects

The Japanese government and industry have prioritized hydrogen and ammonia as important
options for decarbonized fuels and are engaged in development and demonstration trials under the
GX label. However, large-scale production methods do not yet exist that could satisfy demand for
hydrogen and ammonia, especially “green” hydrogen and ammonia at commercial scale. Mean-
while, challenges for the “Establishment of a fuel ammonia supply chain” being promoted by the
government include reducing manufacturing costs and procuring supplies to meet growing de-
mand.

NEDO plays a central role in the production of fuel ammonia and the establishment of supply
chains, as well as development support for practical applications. New production methods are
needed in order to realize low-cost, stable, mass production of fuel ammonia while limiting or

completely avoiding CO, emissions. Trials and verification work are being conducted to develop



new catalysts that can produce ammonia at low temperatures and pressures, as well as practical
applications of electrolytic synthesis methods to produce ammonia from water and nitrogen. Al-
though several catalysts have already been successful in experiments, further improvements in the
cost and stability of the catalysts themselves are needed for ammonia to be mass produced. Meth-
ods have been found to produce ammonia through electrosynthesis at room temperature and pres-

sure, but further research is needed to determine the feasibility of continuous mass production.

NEDO is also supporting technical development for co-firing fuel ammonia with coal or 100%
firing of fuel ammonia. At JERA’s Hekinan Thermal Power Station in Hekinan City, Aichi Prefec-
ture, co-firing with ammonia has been conducted on a small scale since FY2021, and a large-scale
co-firing experiment (20% co-firing of ammonia at 1 million kilowatts output) is planned from
FY2023. The co-firing rate is to be gradually increased in the future (from 20% to 50% to 100%),
but the technology is still far from practical application for large-scale facilities.

Challenges remain in terms of fuel ammonia production and improving operability and dura-
bility for large commercial-scale generating facilities. Further technical development is needed to
deal with the characteristics of ammonia, which generates nitrous oxide (N,O), and burns at lower
flame temperatures than coal.

The government plans to have co-firing with coal of 3 million tons of ammonia (approx.
500,000 tons hydrogen equivalent) in 2030 and 30 million tons (approx. 5 million tons hydrogen
equivalent) in 2050 as a strategy to decarbonize thermal power generation. JOGMEC is working
to establish supply chains, signing joint research agreements and cooperation agreements with
trading companies, electric utilities, and foreign companies.

The JOGMEC Act entered into force in November 2022 with new areas added to its mandate,
including support for the production and storage of hydrogen and ammonia, and providing risk
money for CCS. Accordingly, JOGMEC is also setting the stage to expand the use of hydrogen
and ammonia fuels. This includes publishing “GHG/CI Guideline (Version 1)” for calculating
GHG emissions associated with the production of LNG, hydrogen and ammonia, as well as an-
nouncing the “JOGMEC Carbon Neutral Initiative”, which includes support for investment and
debt guarantees for the production and storage of decarbonized fuels (hydrogen, ammonia, syn-
thetic fuels, etc.). However, in view of economic efficiency and stable hydrogen and ammonia
supply, JOGMEC believes that for the foreseeable future, most hydrogen and ammonia used will
be produced from fossil fuels but made carbon-free by processing the CO, using CCS, and this
would be deemed “blue” hydrogen and ammonia. In addition, ammonia synthesized from hy-
drogen derived from natural gas and processed with CCS for CO, emitted in the process is being
referred to as “clean fuel ammonia.” It is crucial to note the difference in nuance between “clean”
and “green.”

Currently, only a limited amount of hydrogen is being produced using renewable energy. One
could say that no ammonia is being produced using renewable energy. Thus, it is not possible to
build a supply chain that can meet the large global demand for power generation even with exist-

ing production methods.



(6) METI budgets, funding and financing

The total amount designated as “decarbonization” funds within the METI budget is increasing
every year, with an initial budget of 328.7 billion yen for “Realization of a decarbonized society”
in FY2022 and 2,368.6 billion yen in that year’s second supplementary budget, and 851.5 billion
yen in the initial draft budget for FY2023. As for ammonia-related budget items, the amount 300
billion yen was included in the FY2022 supplementary budget as a new budget item for Green
Innovation Projects in FY2022, and 456.4 billion yen in FY2023. The FY2023 budget also gener-
ously included 8 billion yen for technology development project for the establishment of a com-
petitive hydrogen supply chain, and 7.1 billion yen for fuel ammonia production and utilization
technologies, etc.

In the FY2020 supplementary budget, a Green Innovation Fund of 2 trillion yen was secured,
and the subsidies are being used as NEDO programs for various projects related to fuel ammonia.

Under the GX Basic Policy, in order to promote long-term and multi-year investment, the gov-
ernment will issue 20 trillion yen of GX Economic Transition Bonds (tentative name) backed by
future financial resources gained from the introduction of carbon pricing, and they are to be issued
within an amount approved by the Diet every fiscal year for 10 years starting next year.

The policy states that “In order to realize GX investment of more than 150 trillion yen over the
next 10 years through public-private cooperation, the government needs to implement long-term,
multi-year support measures and improve predictability for private enterprise. To this end, the
government will establish GX Economic Transition Bonds (tentative name) and use them to pro-

vide bold support for upfront investment amounting to 20 trillion yen.”

3. Recommendations going forward

Will the international community accept Japan’s efforts to generate electricity by co-firing am-
monia with coal or 100% ammonia firing as credible attempts at decarbonization?

The Glasgow Climate Pact agreed to at COP26 stated that “unabated coal-fired power genera-
tion will be phased down,” due to warnings and concerns about a rapid decline in the remaining
carbon budget to align with the 1.5°C target. “Unabated” would signify coal-fired power plants
that are not equipped with CCS to capture more than 90% of the CO, emitted". The Carbis Bay
G7 Summit communique of June 2021 states, “We will phase out new direct government support
for international carbon-intensive fossil fuel energy as soon as possible, with limited exceptions
consistent with an ambitious climate neutrality pathway, the Paris Agreement, 1.5°C goal and best
available science.” Regarding domestic coal, it states, “We have committed to rapidly scale-up

technologies and policies that further accelerate the transition away from unabated coal capacity.”

13 IPCC Sixth Assessment Report, Working Group III Report, footnote 54.



Furthermore, the 2022 G7 Summit communique states, “We acknowledge that a greenhouse gas
neutral energy supply with strong reliance on energy efficiency and renewable energy is econom-
ically sensible, technically feasible, reliable and safe. To this end, we commit to achieving a fully
or predominantly decarbonised power sector by 2035. Recognizing that coal power generation is
the single biggest cause of global temperature increase, we commit to prioritizing concrete and
timely steps towards the goal of accelerating phase-out of domestic unabated coal power gener-
ation.” Japan made a commitment to these statements, and in its role as the Presidency of the G7

Hiroshima Summit in May 2023, Japan is called on to keep the momentum going.

However, Japan’s policy of investing vast sums of public funds for the purpose of co-firing with
fuel ammonia and even 100% fuel ammonia firing does not really contribute to the Japanese econ-
omy. It is also contrary to the Paris Agreement and previous G7 commitments. The underlying
strategy of ammonia co-firing in coal-fired power plants has been deeply embedded in the basic
policies of the government since 2020, because the government has been promoting new plant
construction under a consistent policy of promoting coal. Indeed, coal power plants are still being
built today. In this context, JERA, Japan’s largest coal power generator and CO, emitter, made its
“JERA Zero CO, Emissions 2050 declaration on October 13, 2020, and with METI and compa-
nies that have vested interests in coal, investment was directed toward ammonia technology. This
all serves only to maintain coal power and has no real emission reduction benefit.

Policies that promote the use of ammonia are in conflict with climate action, and Japan as the
G7 Presidency in 2023 has the responsibility to withdraw those policies. Publicity and advertising
are being used to convey the message that decarbonization can be achieved by co-firing with hy-
drogen and ammonia, although co-firing with ammonia at thermal power plants will contribute al-
most zero to emission reductions. At COP27, there were voices of criticism about such deceptive
and misleading claims about emission reductions'*. Such criticism is likely to become even more
vocal in the future.

The government states that it is aiming to commercialize 100% ammonia firing for electricity
generation by 2050, but the prospects for achieving this are by no means clear, and the goal is
not realistic. Meanwhile, nuclear and coal power are being presented as baseload power supply,
and investment in renewable energy is being starved. With the GX Basic Policy being entrenched
in legislation, financial support for gray hydrogen and ammonia co-firing being institutionalized
through the issuance of GX Transition Bonds over the next 10 years, and carbon pricing being
postponed, the GX Basic Policy threatens to create increasingly fierce headwinds against renew-
able energy. There are concerns that renewable energy may peak at only about 50-60% of Japan’s
future energy mix. Much has already been written about the fact that instances of tight electricity
supply and demand conditions recently experienced in Japan are transitory problems arising from
isolated and infrequent events such as extreme weather and earthquakes, and that the response to

these events can be handled on the demand side; that existing power plants generally have suffi-

14 https://www.un.org/sites/un2.un.org/files/high-level_expert_group_n7b.pdf
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cient installed capacity and there is no need to build new thermal power plants; and that there is
sufficient potential for renewable energy to accelerate the shift from existing thermal power plants
to renewable energy. Therefore, these points have not been covered in detail in this paper. Further-
more, ammonia, which relies on overseas production from fossil fuels, offers no solutions for the
foreseeable future, from the perspective of a stable supply, rising fuel prices, and energy self-suf-
ficiency. Even if enormous funding from the national budget is invested in infrastructure devel-
opment to promote the use of fuel ammonia, it will be the consumers who bear the production,
distribution and other costs, spurring a surge in electricity bills. We, the citizens, would be forced

to continue bearing the social costs in terms of taxes and electricity bills.

The GX Basic Policy states that carbon pricing will be introduced after 2028, and provides no
pathway for the introduction of cap-and-trade emission trading. Meanwhile, the EU is beginning
to fine tune its framework for carbon pricing. Japan should be pouring its efforts into immediately

introducing carbon pricing and a sensible cap-and-trade scheme for large emitting businesses.
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