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Key points:

The Asia Zero Emission Community (AZEC) is an initiative launched by Japan in March
2023 to advance cooperation with Asia towards carbon neutrality. Japan aims to play
a pivotal role in Asia’s energy transition. To date 158 Memorandums of Understanding

(MoUs) have been signed as part of the AZEC initiative.

® 56 MoUs (35%) include fossil fuel technologies. These include, natural gas, LNG,
ammonia co-firing with thermal power plants, ammonia and hydrogen not made by
green power, CCS and e-fuels.

® 54 MoUs (34%) include renewables and electrification technologies. These include,
solar PV, wind, renewable power, hydropower, geothermal, battery storage, electric
vehicles, green hydrogen, green ammonia and waste management. Only 11
agreements (7%) include wind and/or solar.

e The lifecycle emissions of these fossil fuel technologies are higher than clean
solutions like wind or solar. The project cost of retrofitting coal/gas plants with
ammonia and/or CCS will soon be higher than solar and wind. Developing AZEC

countries risk deepening coal dependence or new LNGC dependence at a high cost by

adopting these nascent technologies.

e Japan signed the majority (43%) of deals with Indonesia, followed by Thailand (15%)
and Malaysia (11%). Most projects are in their preliminary stages with 75% of projects
in pre-construction.

To what extent does AZEC promote regional decarbonisation?

Japan’s Asia Zero Emission Community (AZEC) is a platform promoting “various

pathways to net zero” for countries in the Asia Pacific. Japanese Prime Minister Kishida first
proposed the concept in a speech in January 2022, and it was officially launched at the
AZEC Ministerial Meeting in March 2023. The first AZEC leaders summit was held in
December that year. As of April 2024, the 11 AZEC partner countries are Australia, Brunei,
Cambodia, Indonesia, Laos, Malaysia, the Philippines, Singapore, Thailand, Vietnam and
Japan.

AZEC is one lever by which Japan aims to play a pivotal role in the Asian energy transition.
This has manifested in many ways, including its participation in the Japan-ASEAN Summit

and the Strategic Program for ASEAN Climate and Environment, writing the Roadmap for
Transition of Asian countries and launching the Asia GX (green transformation) consortium

on transition finance.

Non-governmental organisations across Asia have raised concerns that AZEC promotes
mainly fossil-based technologies such as liquified natural gas (LNG), ammonia co-firing
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https://www.japan.go.jp/kizuna/2024/02/asias_various_pathways_to_net_zero.html#:~:text=Various%20Pathways%20to%20Net%20Zero
https://www.japan.go.jp/kizuna/2024/02/asias_various_pathways_to_net_zero.html#:~:text=Various%20Pathways%20to%20Net%20Zero
https://japan.kantei.go.jp/101_kishida/statement/202201/_00009.html#:~:text=We%20aim%20to%20join%20forces%20with%20like%2Dminded%20countries%20in%20Asia%20in%20creating%20something%20that%20can%20be%20called%20the%20%E2%80%9CAsia%20Zero%20Emissions%20Community.%E2%80%9D
https://www.mofa.go.jp/p_pd/ipr/pageite_000001_00071.html#:~:text=On%20the%2018th%20of%20December%2C%202023%2C%20Prime%20Minister%20Kishida%20convened%20the%20Asia%20Zero%20Emission%20Community%20(AZEC)%20Leaders%20Meeting%2C%20on%20the%20occasion%20of%20the%20Commemorative%20Summit%20for%20the%2050th%20Year%20of%20ASEAN%2DJapan%20Friendship%20and%20Cooperation.
https://www.meti.go.jp/press/2024/08/20240821001/20240821001-a.pdf#page=1
https://www.responsible-investor.com/japan-unveils-plans-to-create-asian-transition-finance-coalition/
https://www.mofa.go.jp/a_o/rp/page6e_000382_00001.html#:~:text=minutes%2C%20the%2026th-,ASEAN%2DJapan%20Summit,-was%20held%20in
https://www.mofa.go.jp/a_o/rp/page6e_000382_00001.html#:~:text=Japan%20will%20support%20energy%20transition%20under%20the%20Asia%20Zero%20Emissions%20Community%20(AZEC)%20initiative%20and%20address%20climate%20change%20and%20environmental%20problems%20through%20the%20Strategic%20Program%20for%20ASEAN%20Climate%20and%20Environment%20(SPACE)
https://www.reuters.com/plus/japan-takes-the-lead-in-collaboration-on-the-global-energy-transition#:~:text=Japan%20will%20work,for%20energy%20transitions
https://www.reuters.com/plus/japan-takes-the-lead-in-collaboration-on-the-global-energy-transition#:~:text=Japan%20will%20work,for%20energy%20transitions
https://www.fsa.go.jp/en/news/2024/20240311-2.html#:~:text=On%20March%2013%2C%202024%2C%20the%20Asia%20GX%EF%BC%88Green%20Transformation%EF%BC%89Consortium%20will%20hold%20its%20kick%2Doff%20meeting%20at%20the%20Financial%20Services%20Agency%20in%20Tokyo%2C%20Japan.%C2%A0The%20objective%20of%20this%20consortium%20is%20to%20discuss%20transition%20finance%20based%20on%20cases%20in%20Asia%2C
https://www.fsa.go.jp/en/news/2024/20240311-2.html#:~:text=On%20March%2013%2C%202024%2C%20the%20Asia%20GX%EF%BC%88Green%20Transformation%EF%BC%89Consortium%20will%20hold%20its%20kick%2Doff%20meeting%20at%20the%20Financial%20Services%20Agency%20in%20Tokyo%2C%20Japan.%C2%A0The%20objective%20of%20this%20consortium%20is%20to%20discuss%20transition%20finance%20based%20on%20cases%20in%20Asia%2C
https://apmdd.org/open-letter-to-azec-delegates-2024/
https://priceofoil.org/2023/04/11/briefing-japans-toxic-energy-strategy-for-asia/
https://fossilfreejapan.org/media/media-releases/indonesia-hosts-2nd-azec-ministerial-meeting-while-organizations-region-wide-take-action-to-debunk-the-japan-led-greenwashing-initiative/

with coal plants, and carbon capture and storage (CCS). Japan’s push for ammonia co-firing
has been criticised by the UK and Canada at the G7 in 2023.

This analysis examines the agreements that have been signed under AZEC since March
2023 and highlights which technologies the projects are funding and to which countries.

Japan’s track record of regional energy investment

Historically, Japan has invested in building the LNG industry in Asia. Since the 1960s, Japan
has helped to develop LNG projects in Brunei, Malaysia, Australia, Indonesia and Qatar. The

largest gas utility in Japan, Tokyo Gas, stated in its 2018 annual report that its “ultimate goal

for the future is to form an LNG value chain in Southeast Asia”.

Japanese energy companies earned over USD 14 billion gas-related profits last year,
according to Bloomberg estimates. Despite Japan being one of the world's largest LNG
buyers, domestic demand has declined in the last five years due to a rise in generation
from renewables and nuclear power, increased energy efficiency and demographic shifts.
This has led the country to re-export surplus LNG to Southeast Asia.

Japanese public financial institutions have provided USD 93 billion for overseas oil and gas
projects between 2013 and 2023. Almost half of which has been for upstream operations
(production and exploration). Oil Change International has found that between 2013 and
2022, the Japanese government invested around USD 41 billion on fossil fuels in Asia,
almost five times more than the USD 9 billion spent on clean energy over the same period.

Fig. 1: Japan public finance for Fossil Fuels vs clean energy in Asia, with
breakdown byAZEC partner countries (2013-2022)
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Brunei.
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https://asia.nikkei.com/Spotlight/G-7-in-Japan/Japan-s-coal-tech-for-Asia-questioned-by-U.K.-and-Canada
https://www.jstor.org/stable/pdf/resrep60345.pdf?refreqid=fastly-default%3A1793b1be15f4dbe7d6be7a77f80c6ceb&ab_segments=&initiator=&acceptTC=1#page=7
https://www.jstor.org/stable/pdf/resrep60345.pdf?refreqid=fastly-default%3A1793b1be15f4dbe7d6be7a77f80c6ceb&ab_segments=&initiator=&acceptTC=1#page=7
https://www.tokyogas-asia.com/about_us/#:~:text=Tokyo%20Gas%20Co.%2C%20Ltd.%20is%20the%20largest%20gas%20utility,in%20the%20Greater%20Tokyo%20Area.
https://www.tokyogas-asia.com/about_us/#:~:text=Tokyo%20Gas%20Co.%2C%20Ltd.%20is%20the%20largest%20gas%20utility,in%20the%20Greater%20Tokyo%20Area.
https://www.tokyo-gas.co.jp/en/IR/library/pdf/anual/18e11.pdf#page=3
https://www.tokyo-gas.co.jp/en/IR/library/pdf/anual/18e11.pdf#page=3
https://www.bloomberg.com/graphics/2024-japan-natural-gas-lng-global-trade/#:~:text=Major%20Japanese%20companies%20netted%20at%20least%20%2414%20billion%20in%20profit%20from%20their%20gas%2Drelated%20businesses%20in%20the%20fiscal%20year%20that%20ended%20in%20March%2C%20according%20to%20Bloomberg%20calculations%2C%20roughly%20equal%20to%20the%20combined%20profits%20of%20the%20country%E2%80%99s%20top%20consumer%20electronics%20makers.
https://www.naturalgasworld.com/japan-again-become-worlds-biggest-lng-importer-103243
https://www.naturalgasworld.com/japan-again-become-worlds-biggest-lng-importer-103243
https://ieefa.org/articles/japans-declining-gas-demand-will-leave-utilities-persistent-lng-oversupply-through-2030#:~:text=Japan%E2%80%99s%20domestic%20LNG,and%20power%20sectors.
https://ieefa.org/articles/japans-declining-gas-demand-will-leave-utilities-persistent-lng-oversupply-through-2030
https://forourclimate.org/newsroom/970
https://forourclimate.org/newsroom/970

Of the 158 agreements signed since the launch of AZEC, there are 22 in which ammonia and
ammonia co-firing are included, 23 for CCS/CCUS, 17 for hydrogen, and 17 for LNG or
natural gas.' By contrast, only 11 agreements (7%) involve wind and/or solar.

All together, just over a third (56) of the memorandums of understanding (MoUs) involve
fossil fuel technologies.” Of these, 34 MoUs are dedicated solely to technologies
categorised as fossil fuel technologies with a further 22 including them alongside other
technologies.

Another 54 agreements involve renewables and electrification technologies. Of these, 35
MoUs are dedicated solely to renewables and electrification technologies with a further 19
including other technologies as well.

Fossil fuel technologies | Fossil fuel technologies & others [l Renewables and electrification technologies
Renewables, electrification & others

Fossil fuel technologies 34 22 56
Renewables and electrification
technologies 19 54
S N . . T T T R N
Number of agreements

Source: Zero Carbon Analytics analysis of AZEC MoUs Zero

Agreements involving both renewables and fossil fuels are included in both 'fossil fuel technologies and others' and gﬁ;ﬁ;gcs
'renewables, electrification and others'.

In this analysis, fossil fuel technologies are defined as: natural gas, LNG, ammonia co-firing,
ammonia, CCS/carbon capture utilisation and storage (CCUS), hydrogen and e-fuels.’

Renewable and electrification technologies are defined as: solar photovoltaic (PV), wind,
renewable power, green hydrogen, green ammonia, hydropower, geothermal, battery
storage, electric vehicles and waste management.

A regional breakdown of the agreements Japan signed with AZEC partners shows
Indonesia holds the highest by far, making up 43% of the agreements. This is followed by
Thailand (15% of agreements) and Malaysia (11% of agreements).

' The 158 MoUs include all the official AZEC MoUs announced since its launch in March 2023. These
include the 28 projects released at the start of AZEC, the MoUs from the AZEC leaders summit in
December 2023 and the MoUs from the second AZEC ministerial meeting in August 2024. Duplicates or
MoUs that had existed before March 2023 were excluded.

% Individual technologies can be counted multiple times across agreements as many agreements include

a mix of technologies.
* Hydrogen and ammonia projects that are not explicitly stated as being green, are assumed to use fossil

fuel feedstock.
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https://www.bloomberg.com/news/articles/2024-09-17/weed-killers-like-bayer-s-roundup-face-ai-threat-in-new-deere-sprayers
https://www.bloomberg.com/news/articles/2024-09-17/weed-killers-like-bayer-s-roundup-face-ai-threat-in-new-deere-sprayers
https://www.meti.go.jp/english/press/2023/pdf/0306_002a.pdf
https://www.meti.go.jp/press/2023/12/20231218004/20231218004-7.pdf
https://www.meti.go.jp/press/2024/08/20240821001/20240821001-4-2.pdf

Fig. 3: Breakdown of AZEC agreements by country and technology involved
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Zero
"Fossil fuel technologies and others" includes agreements that have a mix of technologies including fossil fuel gﬁ;‘;;t’:cs
technologies such as CCS or ammonia co-firing.

As there were a number of agreements that involved multiple technologies, figure 4 shows
how many times each technology appears in total in the AZEC MoUs since March 2023.
Biomass/biofuels appeared the most (30 times), followed by ammonia and ammonia
co-firing (25 times), then CCUS (23 times). Solar PV and wind combined appear 11 times.

Zero Carbon Analytics - October 2024 4



Fig. 4: Number of times each technology appears in the AZEC MoUs since
March 2023
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What are the risks of fFossil and fossil-based technologies for
Asia?

Projects that expand the use of LNG, non-green ammonia and ammonia co-firing and CCS
carry emissions, fiscal stability and affordability risks to AZEC partner countries which
could derail the national power sector emissions targets set out in the International Energy
Agency'’s 2050 net zero scenario.

Liquified natural gas

LNG is formed by purifying natural gas and super cooling it to a liquid so it can be stored

and shipped. The end product is natural gas composed largely of methane, which is

regasified at its destination for use in power generation.

Since 2018, LN | her countri n mpanies have alm ripl

South and Southeast Asia, Japan is also investing in midstream and downstream gas
sectors, such as LNG-fired power plants and regasification terminals. About $220 billion of
capital investments into LNG infrastructure is planned in Southeast Asia, with much of the
investment led by international finance from Japanese institutions.
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https://afdc.energy.gov/fuels/natural-gas-basics#:~:text=LNG%20is%20natural,of%20other%20hydrocarbons.
https://ieefa.org/resources/global-lng-outlook-2024-2028#:~:text=Rather%20than%20importing%20more%20LNG%2C%20Japan%E2%80%99s%20LNG%20sales%20to%20other%20countries%20have%20almost%20tripled%20since%202018.
https://globalenergymonitor.org/wp-content/uploads/2024/05/GEM_SEAsiaGasReport_2024.pdf#page=3

Emissions

Methane is the second-largest contributor to climate warming after carbon dioxide.
Methane lingers in the atmosphere for less time than carbon dioxide, but traps more heat

per molecule - making it 80 times more warming than carbon dioxide over the 20 years
after it is released.

Even before combustion, methane can escape into the atmosphere through gas
infrastructure, a process known as methane leaks. Methane leaks are notoriously hard to
measure. Methane emissions released both intentionally and unintentionally by oil and gas
companies contribute to the gap between reported and actual emissions. The total oil and
gas methane emissions reported by countries to the UN Framework Convention on Climate
Change in 2023 was around 50% lower than estimates from the International Energy
Agency. A Stanford University-led study also revealed that emissions from leaks through
gas operations are much higher than previously thought.

The process of producing LNG from natural gas is also energy intensive and expensive. A
study of US LNG shipments found that: “The greenhouse gas (CHG) emissions from the
extraction, transport, liquefaction, and re-gasification of LNG can be almost equal to the
emissions produced from the actual burning of the gas, effectivel ling the clim
impact of each unit of energy created from gas transported overseas.”

Stability

Many South and Southeast Asian countries import LNG from overseas via the spot market.
Between January 2021 and August 2024, around 32% of Southeast Asia’s LNG imports were
from the spot market.? This means that LNGC is bought at the spot price - the current market
price of gas at any given time for immediate delivery.

During the 2022 energy crisis, when gas prices were high, the average price of LNG in Asia
was twice as high as the annual average for 2021. If LNG prices remain volatile and
unaffordable, LNG infrastructure in countries like the Philippines, Vietnam, Pakistan or
Bangladesh risks being underutilised or cancelled.

Affordability

Vietnam, an AZEC partner country, is shielding consumers from volatile LNG prices through
an LNG price cap which does not reflect the volatility of LNG prices. LNG is more costly
than coal and hydropower (the top power sources) in Vietnam. Amid falling solar and wind
costs, there is an opportunity for renewable generation, as Vietnam, like much of Southeast
Asia, has high renewable energy potential.

Ammonia and ammonia co-firing

Ammonia is made by reacting nitrogen and hydrogen and is a more stable form to ship and
store hydrogen. The early “hydrogen hype” as a fossil fuel replacement stems from the fact
that it does not include carbon in its molecular structure. However, high costs, challenges
related to thermodynamics, geopolitics and other factors have led to a number of failed
projects, making ammonia a less useful decarbonisation option in sectors with renewable
alternatives. Currently, around 80% of ammonia is used in fertiliser production, where it

* Zero Carbon Analytics analysis, BNEF (2024) LNG Spot-Contract Trade Flow Playbook, available via
BNEF platform, accessed on 23rd September 2024.
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https://climate.nasa.gov/vital-signs/methane/?intent=121#:~:text=Methane%20(CH4)%20is%20a%20powerful%20greenhouse%20gas%2C%20and%20is%20the%20second%2Dlargest%20contributor%20to%20climate%20warming%20after%20carbon%20dioxide%20(CO2).
https://www.unep.org/news-and-stories/video/whats-deal-methane#:~:text=making%20it%2080%20times%20more%20harmful%20than%20CO2%C2%A0for%2020%20years%20after%20it%20is%20released.
https://www.unep.org/news-and-stories/video/whats-deal-methane#:~:text=making%20it%2080%20times%20more%20harmful%20than%20CO2%C2%A0for%2020%20years%20after%20it%20is%20released.
https://www.bu.edu/imap/2024/04/11/methane-emissions-are-hard-to-measure/
https://www.bu.edu/imap/2024/04/11/methane-emissions-are-hard-to-measure/
https://www.theguardian.com/environment/2024/may/02/methane-emissions-gas-flaring-hidden-satellite-monitors-oil-gas#:~:text=Energy%20companies%20operating,industry%20as%20flaring.
https://www.nature.com/articles/s41467-023-40671-6
https://www.iea.org/reports/global-methane-tracker-2024/key-findings#:~:text=Total%20oil%20and%20gas%20emissions%20levels%20reported%20by%20countries%20to%20the%20UN%20Framework%20Convention%20on%20Climate%20Change%20are%20close%20to%2040%20Mt%2C%20about%2050%25%20lower%20than%20our%202023%20estimate.
https://www.iea.org/reports/global-methane-tracker-2024/key-findings#:~:text=Total%20oil%20and%20gas%20emissions%20levels%20reported%20by%20countries%20to%20the%20UN%20Framework%20Convention%20on%20Climate%20Change%20are%20close%20to%2040%20Mt%2C%20about%2050%25%20lower%20than%20our%202023%20estimate.
https://news.stanford.edu/stories/2024/03/methane-emissions-major-u-s-oil-gas-operations-higher-government-predictions#:~:text=Stanford%2Dled%20research%20published%20March%2013%20in%20Nature.
https://www.nature.com/articles/s41586-024-07117-5#:~:text=As%20airborne%20methane,15%E2%80%89aerial%20campaigns
https://www.nrdc.org/sites/default/files/sailing-nowhere-liquefied-natural-gas-report.pdf#page=4
https://www.nrdc.org/sites/default/files/sailing-nowhere-liquefied-natural-gas-report.pdf#page=4
https://www.investopedia.com/terms/s/spotprice.asp#:~:text=for%20immediate%20delivery.-,The%C2%A0spot%20price%20is%20the%20current%20price%20in%20the%20marketplace%20at%20which%20a%20given%20asset%E2%80%94such%20as%20a%20security%2C%20commodity%2C%20or%20currency%E2%80%94can%20be%20bought%20or%20sold%20for%20immediate%20delivery.,-While%20spot%20prices
https://ieefa.org/resources/asias-lower-lng-demand-2022-highlights-challenges-industry-growth#:~:text=destruction%20in%20Asia-,LNG%20prices%20in%20Asian%20spot%20markets%20averaged%20US%2434%20per%20million%20British%20thermal%20unit%20(MMBtu)%20in%202022%2C%20more%20than%20double%20the%20annual%20average%20in%202021.,-Consequently%2C%20Asian%20LNG
https://ieefa.org/resources/asias-lower-lng-demand-2022-highlights-challenges-industry-growth#:~:text=destruction%20in%20Asia-,LNG%20prices%20in%20Asian%20spot%20markets%20averaged%20US%2434%20per%20million%20British%20thermal%20unit%20(MMBtu)%20in%202022%2C%20more%20than%20double%20the%20annual%20average%20in%202021.,-Consequently%2C%20Asian%20LNG
https://ieefa.org/resources/economic-case-lng-asia-crumbling#:~:text=Financiers%20and%20investors,underutilization%20or%20cancellation.
https://www.reuters.com/business/energy/vietnams-lng-price-cap-puts-gas-fired-power-target-risk-2024-08-01/#:~:text=However%2C%20power%20producers%20are%20concerned%20that%20a%20price%20cap%20fails%20to%20reflect%20the%20volatility%20in%20the%20LNG%20market%20and%20will%20make%20gas%2Dfired%20plants%20uneconomic%20if%20prices%20spike%20as%20they%20did%20in%20the%20past%20three%20years.
https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/putting-renewable-energy-within-reach-vietnams-high-stakes-pivot#:~:text=Fortunately%2C%20Vietnam%20has%20huge%20renewable%2Denergy%20potential%2C%20as%20it%20is%20the%20most%20naturally%20suited%20country%20in%20Southeast%20Asia%20to%20develop%20wind%20and%20solar%20energy%2C
https://oilprice.com/Alternative-Energy/Renewable-Energy/Why-Has-the-Green-Hydrogen-Hype-Faded.html
https://www.thyssenkrupp.com/en/stories/sustainability-and-climate-protection/ammonia-in-agriculture:-the-engine-of-plant-growth#:~:text=Today%2C%20roughly%2080%25%20of%20the%20annually%20produced%20ammonia%20is%20used%20for%20fertilizer%20production.

has potential to help decarbonise the sector. In 2020, 99% of global ammonia production
relied on fossil fuels.

Ammonia can be used as fuel via direct combustion, in fuel cells, as a hydrogen carrier, or
through co-firing in coal combustion for power generation. In Asia, there are trials for
ammonia co-firing in thermal (often coal and gas) power plants. Japan has signed

agreements with AZEC partners in Thailand. Indonesia. Malaysia and the Philippines to test

ammonia co-firing as part of its vision to make these coal plants "zero emission” by 2050.

Emissions

The most technically feasible co-firing rate currently being tested (20% ammonia and 80%
coal) is not aligned with the 2030 power sector emissions trajectories in the International
Energy Agency (IEA) 2050 net zero emission scenario for Thailand, Malaysia, Indonesia and
the Philippines. An ammonia co-firing ratio below 50% will release more carbon dioxide
than a gas fired power plant, negating its usefulness as an emissions reduction mechanism,
according to BloombergNEF (BNEF) analysis.” The direct combustion of ammonia also
generates high levels of polluting nitrogen oxides. Producing, transporting and storing
ammonia (upstream) also results in emissions. Around

produced per ton of ammonia.
Stability

Pursuing ammonia co-firing in Southeast and East Asian countries will require the import of
clean ammonia due to high domestic costs of production. Through this process - which
requires producing renewable hydrogen, converting it to ammonia, and shipping it to a

power plant where it is burned to make electricity - 77% of the original energy input could

be lost. Energy transformation losses and high capital and operating expenses makes
ammonia shipping expensive, and countries reliant on this method may see their

competitors using cheaper, direct renewable energy sources.

Affordability

Ammonia is more expensive than coal on an energy-equivalent basis. Switching from coal
to ammonia means costs will increase for the same amount of electricity generated, as
ammonia has much lower volumetric density than coal.® Switching to ammonia will
increase power prices and/or the taxpayers burden depending on how much the
government decides to absorb these costs via subsidies.

Existing coal plants must be retrofitted with specific infrastructure in order to co-fire with
ammonia. This increases capital expenditures by 11% for plants that co-fire at a ratio of
20%. Using ammonia at higher co-firing rates of 50% and 100%, or using green ammonia,
will be more expensive than other low-emission technologies, such as solar and wind, in
Japan, according to BNEF.

Carbon capture, utilisation and storage

Carbon capture refers to technologies that take carbon dioxide from power generation or
industrial facilities before it is released into the atmosphere and transport it to be stored or
used in other industrial processes. Carbon dioxide can be stored in geological storage sites,

> Zero Carbon Analytics analysis, BNEF/Bloomberg (2022) Japan's Costly Ammonia coal Co-Firing
Strategy, available via BNEF/Bloomberg platform, accessed on 23rd September 2024.

& Zero Carbon Analytics analysis, BNEF/Bloomberg (2024) Ammonia no Magical Bullet to Cut Asia’s
Power Emissions, available via BNEF/Bloomberg platform, accessed on 23rd September 2024.
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https://iea.blob.core.windows.net/assets/6ee41bb9-8e81-4b64-8701-2acc064ff6e4/AmmoniaTechnologyRoadmap.pdf#page=31
https://iea.blob.core.windows.net/assets/6ee41bb9-8e81-4b64-8701-2acc064ff6e4/AmmoniaTechnologyRoadmap.pdf#page=31
https://www.sciencedirect.com/science/article/pii/S1540748918306345?via%3Dihub#:~:text=well%20as%20direct-,ammonia,-usage%20in%20gas
https://www.sciencedirect.com/science/article/abs/pii/S019689042031253X?via%3Dihub#:~:text=Ammonia%20as%20an%20effective%20hydrogen%20carrier
https://www.reuters.com/markets/commodities/asias-ammonia-co-firing-power-plant-trials-2024-03-19/
https://www.enecho.meti.go.jp/category/others/for_energy_technology/pdf/pamphlet_0201.pdf
https://www.transitionzero.org/insights/japans-toxic-narrative-on-ammonia-cofiring#:~:text=Moreover%2C%20none%20of,their%20emissions%20goals.
https://www.hydrogeninsight.com/power/greenwashing-hydrogen-based-ammonia-now-being-burned-with-coal-at-japanese-power-plant/2-1-1619033
https://www.hydrogeninsight.com/power/greenwashing-hydrogen-based-ammonia-now-being-burned-with-coal-at-japanese-power-plant/2-1-1619033
https://orca.cardiff.ac.uk/id/eprint/144277/3/ICLCA21_0206%20ed%20V3%20without%20comments.pdf#page=1
https://climateintegrate.org/wp-content/uploads/2022/12/Japans-Ammonia-Co-firing_E_ver2_June2022.pdf#page=13
https://climateintegrate.org/wp-content/uploads/2022/12/Japans-Ammonia-Co-firing_E_ver2_June2022.pdf#page=13
https://www.bnef.com/insights/33805/view
https://www.bnef.com/insights/33805/view
https://h2sciencecoalition.com/blog/hydrogen-trade-can-shipping-deliver-a-global-hydrogen-market/#:~:text=meaning%2077%25%20of%20the%20original%20energy%20input%20will%20still%20be%20lost.
https://h2sciencecoalition.com/blog/hydrogen-trade-can-shipping-deliver-a-global-hydrogen-market/#:~:text=meaning%2077%25%20of%20the%20original%20energy%20input%20will%20still%20be%20lost.
https://www.hydrogeninsight.com/transport/why-shipping-is-opting-for-green-hydrogen-based-methanol-over-ammonia-despite-much-higher-fuel-costs/2-1-1577939
https://www.bnef.com/insights/33805/view
https://about.bnef.com/blog/japans-ammonia-coal-co-firing-strategy-a-costly-approach-to-decarbonization-renewables-present-more-economic-alternative/
https://about.bnef.com/blog/japans-ammonia-coal-co-firing-strategy-a-costly-approach-to-decarbonization-renewables-present-more-economic-alternative/
https://about.bnef.com/blog/japans-ammonia-coal-co-firing-strategy-a-costly-approach-to-decarbonization-renewables-present-more-economic-alternative/
https://www.globalccsinstitute.com/wp-content/uploads/2021/04/CCS-Tech-and-Costs.pdf#page=6
https://www.iea.org/reports/about-ccus

such as deep saline formations - essentially underground rock formations - or in depleted
oil and gas wells.

Review of the |[EA CCS database, official AZEC documents and the Global CCS Institute,
which according to Global Witness is closely linked to the hydrocarbons industry, show
that there are around 50 CCUS projects in the pipeline in Southeast Asia,” of which 23 have
an MoU signed under AZEC since March 2023. These projects are mostly still in the
planning phase and are often connected to the production of gas. In addition, 16
cross-border CO2 export projects are planned in Asia.? The focal point is often Japan,
which will export CO2 to be stored in countries such as Australia, Malaysia and Indonesia.

Some of the world’s biggest energy companies, such as BP, as well as national power
companies like Pertamina and Petronas are behind these projects.? This is despite the
patchy track record of CCS projects such as Gorgon in Western Australia to capture CO2.
Initiatives like the Asia CCUS Network, backed by the Japanese government, also promote
the technology in the region.

Emissions

CCS has to date overwhelmingly been used by the oil and gas industry to support more oil
and gas extraction, and this is the case with some of the MoUs for AZEC projects. For
example, at the Sukowati oil field in Indonesia, the Indonesian state oil company Pertamina,
in collaboration with the Japan Petroleum Exploration Corporation, began a small-scale
pilot in mid 2023 to inject CO2 for enhanced oil recovery. Following the success of this
project a larger CO2 injection field test was agreed during the AZEC ministerial meeting in
August 2024. This project is supported by the Japan Organization for Metals and Energy
Security (JOGMEQC).

Using CCS to produce oil and gas means that in effect the technology continues to enable
the burning of fossil fuels at a level that under certain scenarios could use up 30% of the
remaining global carbon budget. One of the reasons for this is that CO2 capture rates have
been lower than promised. Finally, there is potential for CO2 leakage which would mean
that CO2 that has been captured would be released back into the atmosphere.

Affordability

Relying heavily on CCUS to achieve net-zero by 2050 could cost USD 30 trillion more than
relying on the increased use of renewable energy, electrification and energy efficiency.

The IPCC also found that CCS is less effective at reducing emissions and more expensive
than actions such as fuel switching (electrification), improving energy efficiency, material
efficiency and enhanced recycling.

7 Zero Carbon Analytics analysis of the |EA CCS Database, the Global CCS Institute and the AZEC
Community Progress Report 2023.
8 Zero Carbon Analytics analysis of the IEA CCS Database, the Global CCS Institute and the AZEC
Community Progress Report 2023,
9 Zero Carbon Analytics analysis of the IEA CCS Database, the Global CCS Institute and the AZEC

Community Progress Report 2023.
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https://www.ipcc.ch/site/assets/uploads/2018/03/srccs_annex2-1.pdf#page=4
https://docs.google.com/spreadsheets/d/1ddcLf2Y0aYG6G25eJX9R2o8FcxIeQGqf2SgL7wJJmHI/edit?gid=566362324#gid=566362324
https://co2re.co/FacilityData
https://www.globalwitness.org/en/blog/carbon-capture-oil-lobby-cop28/#:~:text=the%20world%E2%80%99s%20five%20largest%20integrated%20private%20sector%20oil%20and%20gas%20companies%20by%20revenue%20%2D%20Shell%2C%20BP%2C%20TotalEnergies%2C%20ExxonMobil%20and%20Chevron%20%2D%20as%20well%20as%20the%20UAE%E2%80%99s%20state%2Downed%20oil%20company%20ADNOC%2C%20are%20members%20of%20the%20Global%20Carbon%20Capture%20and%20Storage%20Institute.
https://zerocarbon-analytics.org/archives/energy/a-closer-look-at-ccs-problems-and-potential#:~:text=at%20the%20site.-,Gorgon%2C%20Australia,-The%20Gorgon%20gas
https://www.asiaccusnetwork-eria.org/
https://zerocarbon-analytics.org/archives/energy/a-closer-look-at-ccs-problems-and-potential
https://zerocarbon-analytics.org/archives/energy/a-closer-look-at-ccs-problems-and-potential
https://www.jogmec.go.jp/english/news/release/news_10_00043.html#:~:text=The%20four%20parties%20plan,Zero%20Emission%20Community%20(AZEC)
https://www.meti.go.jp/press/2023/12/20231218004/20231218004-9.pdf#page=20
https://www.jogmec.go.jp/english/news/release/news_10_00074.html#:~:text=JSA%20photo%20ceremony%20at%20the%20Asia%20Zero%20Emission%20Community%20Ministerial%20Meeting%20Co%2DLocated%20Events%2C%20Jakarta
https://ca1-clm.edcdn.com/assets/Unabated.pdf?v=1701779554
https://ieefa.org/ccs
https://www.frontiersin.org/articles/10.3389/fenrg.2018.00040/full#:~:text=Looking%20closer%20at,leakage%20rate%20cases.
https://www.smithschool.ox.ac.uk/news/heavy-dependence-carbon-capture-and-storage-highly-economically-damaging-says-oxford-report#:~:text=A%20high%20Carbon%20Capture%20and%20Storage%20(CCS)%20pathway%20to%20net%20zero%20emissions%20in%202050%20is%20expected%20to%20cost%20at%20least%20%2430%20trillion%20more%20than%20a%20low%20CCS%20pathway%20%2D%20roughly%20%241%20trillion%20per%20year%C2%A0
https://www.ipcc.ch/report/ar6/wg3/figures/summary-for-policymakers/figure-spm-7/
https://docs.google.com/spreadsheets/d/1ddcLf2Y0aYG6G25eJX9R2o8FcxIeQGqf2SgL7wJJmHI/edit?gid=566362324#gid=566362324
https://co2re.co/FacilityData
https://www.meti.go.jp/press/2023/12/20231218004/20231218004-3.pdf
https://www.meti.go.jp/press/2023/12/20231218004/20231218004-3.pdf
https://docs.google.com/spreadsheets/d/1ddcLf2Y0aYG6G25eJX9R2o8FcxIeQGqf2SgL7wJJmHI/edit?gid=566362324#gid=566362324
https://co2re.co/FacilityData
https://www.meti.go.jp/press/2023/12/20231218004/20231218004-3.pdf
https://www.meti.go.jp/press/2023/12/20231218004/20231218004-3.pdf
https://docs.google.com/spreadsheets/d/1ddcLf2Y0aYG6G25eJX9R2o8FcxIeQGqf2SgL7wJJmHI/edit?gid=566362324#gid=566362324
https://co2re.co/FacilityData
https://www.meti.go.jp/press/2023/12/20231218004/20231218004-3.pdf
https://www.meti.go.jp/press/2023/12/20231218004/20231218004-3.pdf

Biomass

For this analysis, biomass is not included in the breakdown between renewable and
fossil-based technologies. It is treated as a separate category due to the contentiousness
over its renewable status given its lifecycle emissions. Harvesting trees for fuel releases
more carbon than if they were allowed to degrade naturally. Burning woody biomass can
emit up to 30% more carbon per unit of energy than coal. The time it takes for new trees to
absorb the carbon emitted by trees harvested to burn is between 44 and 104 years and

could be even longer.

In its research on global bioenergy, Global Energy Monitor (CEM) found that woody
biomass capacity grew more than seven-fold in the last decade in Japan and South Korea,
despite doubts on profitability and sustainability. The Global Environment Forum (GEF) has
conducted a risk assessment of the biomass/biofuel projects listed in the AZEC agreements
and concluded that the majority are not green.

Green hydrogen and ammonia

For this analysis, green hydrogen and ammonia were categorised as renewables and
electrification technologies. Any mention of non-green hydrogen or ammonia - which in
Asia typically use fossil fuel feedstocks to produce hydrogen to then synthesize ammonia -
was categorised as a fossil fuel technology.

However, the use of green hydrogen/ammonia in the power sector, which many Asian
countries advocate for, is inefficient and contradicts IRENA's recommendation to deploy
green hydrogen in sectors where decarbonisation is difficult and there are no renewable
alternatives. Green hydrogen is found to be expensive and uncompetitive compared to
fossil-based hydrogen, which makes it a poor contender for the power sector, according to
consultancy Capgemini. Even after all the expense, co-firing still produces nitrogen oxides
emissions and particulate matter which direct renewable energy does not.
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https://ecosystems.psu.edu/research/centers/private-forests/news/burning-wood-caring-for-the-earth#:~:text=Second%2C%20harvesting%20trees%20for%20fuel%20leads%20to%20more%20carbon%20release%20than%20if%20they%20remained%20in%20the%20forests%20to%20grow%20or%2C%20if%20they%20are%20dead%2C%20recycle%20carbon%20into%20the%20soil.
https://ecosystems.psu.edu/research/centers/private-forests/news/burning-wood-caring-for-the-earth#:~:text=30%20percent%20higher%20than%20coal.
https://iopscience.iop.org/article/10.1088/1748-9326/aaa512/meta#:~:text=The%20payback%20time%20for%20this%20carbon%20debt%20ranges%20from%2044%E2%80%93104%20years%20after%20clearcut%2C%20depending%20on%20forest%20type%E2%80%94assuming%20the%20land%20remains%20forest.
https://www.tandfonline.com/doi/full/10.1080/00963402.2022.2062933#d1e517:~:text=The%20carbon%20debt%20payback%20time%20in%20this%20scenario%20is%20approximately%20115%C2%A0years.
https://iea.org.uk/publications/trees-for-burning-the-biomass-controversy/#Economic_arguments:~:text=and%20could%20be%20even%20longer%20(Holtsmark%202010%3B%20Sterman%20et%20al.%202022).
https://globalenergymonitor.org/projects/global-bioenergy-power-tracker/
https://www.gef.or.jp/
https://thebreakthrough.org/issues/energy/critiquing-asias-hydrogen-power-ambitions#:~:text=Asia%2DPacific%20use%20fossil%20fuel%20feedstocks%20to%20produce%20hydrogen%20and%20subsequently%20synthesize%20ammonia.
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2023/Dec/IRENA_WTO_International_trade_green_hydrogen_2023.pdf#page=9
https://www.capgemini.com/wp-content/uploads/2024/02/Capgemini-PoV_Hydrogen-Position.pdf#page=4
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