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Production of ammonia
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Ammonia production diagram

Ammonia is not a natural resource. It is a “product”, made by fossil fuel, such as
natural gas and coal, containing carbon and hydrogen.
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* The water used as a raw material may generate CO, depending on the power source used for electrolysis.
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Emissions intensities of different ammonia production routes, 2021
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Emissions intensities of different ammonia production routes, 2021
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BikFRKFESODEHNF (DiFREMNEDELEE)

o [ERRFKFRFIIRRCI O TEETOTAPCOHHHIRERERBDIIENS. LT OLIICER R OMHEIC
RURBEEZE O TMRRFEKRFIDEAZERET I LU,

o ABRFCO2EHERVVIKER - 7OEZFZICDOVWTIE., BRREBIRDEBZSICEBDE, LITICRTE.
—7KZ (&, Well to GateTH/ L —KFEDL S5 7EIHRICHHL T33.4kg-CO2e /kg-H2
—7>EZ7(3. Well to GateTIL—=72>EZF7H 54 7 BIHIRICIHLIT350.87kg-CO2e /kg-NH3

BRTE "Well"ho &

HHE : https://www.meti.go.jp/shingikai/enecho/shoene _shinene/suiso_seisaku/pdf/014 01 00.pdf iﬂ? L \ 5



Requirements for “low-carbon hydrogen and derivatives”
including ammonia

Japan's Hydrogen Society Promotion Act came into effect on October 23, 2024.

e Article 2: “Low-carbon hydrogen, etc.” means...
the amount of CO2 emitted during its production is less than a certain amount.
* Enforcement Regulations, Article 3-2: The carbon intensity during production, expressed in kilograms per kilogram

of ammonia, should be 0.87 or less.
The scope of “production” is not

BikFRKFESODEHNF (DiFREMNEDELEE) defined by fav:

o [{ERFKFZFIIRRICL O TRETOTAPCO2BFHIRERBDIENS. LT OLSCEBBOMEEIC
RURBEEZE O TMRRFEKRFIDEAZERET I LU,

e MEIFCO2ZHEIRVVKER -7OEZ7ICOVWTIE, BRREBRDEBASICEDE. LI TISGETE.
—7kZ(3. Well to GateTIL—KFZEh S5 7EHIRICHHLF33.4kg-CO2e/kg-H2
|=7>EZ7(3. Well to GateTIL—F>E=Fh54 7 BIHIAICHEL950.87kg-CO2e /kg-NH3 |

I Ammonia: 0.87 kg-CO2 e/kg-NH3, which is equivalent to 70% reduction relative to gray ammonia in “Well to Gate”

Source METI’'s document states that CO2 emissions from “Well to Gate”

https://www.meti.go.jp/shingikai/enecho/shoene_shinene/suis ) i )
o_seisaku/pdf/014_01_00.pdf in ammonia production.



Emissions intensities of different ammonia production routes, 2021
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Co-firing with coal
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Case study of ammonia co-firing

Model Coal-fired power plant

Generating Capacity 1099 MW Estimating annual CO, emissions from
Thermal Efficiency 41 %|USC i . i
—— ammonia co-firing at a model coal-fired
Capacity Utilization Rate 70 % |
High Heating Value 26.08 GJ/ton|Coal PO [ELEI
. *Co-firing does not change thermal

CO2 Emission Factor 2.323 ton-CO2/ton-coa

High Heating Value 22.4 GJ/ton|Ammonia efficiency.

Ammonia co-firing case study

Annual Electricity Generation 1000 MW 61.3

Mix Ratio Coal (%) 80 50 0

(Calorific Value Ratio)  |Ammonia (%) 20 50 100

Annual Consumption Coal million tons 165 103 0
Ammonia million tons 48 120 240

Annual CO2 Emissions million tons 384 240 0
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Case study of ammonia co-firing

Model Coal-fired power plant

Generating Capacity 1000 MW Estimate annual CO, emissions from ammonia

Thermal Efficiency 41 %|USC co-firing at a model coal-fired power plant

Capacity Utilization Rate 70 % * Thermal efficiency remains unchanged due to

High Heating Value 26.08 GJ/ton|Coal co-firing

CO2 Emission Factor 2.323 ton-CO2/ton-coal

High Heating Value 22.4 GJ/ton| Ammonia J, CO2 emissions from production should be

Carbon Intensity A ton-CO2/ton-ammonia added

Ammonia co-firing case study

Annual Electricity Generation 1000 MW 61.3

Mix Ratio Coal (%) 100 80 50 0

(Calorific Value Ratio) |Ammonia (%) 0 20 50 100

Annual Consumption Coal million tons 206 ] 165 ] 103 0
Ammonia million tons 0 48 120 240

Annual CO2 Emissions million tons 480 | 384 240 0

Total annual CO2 emissions million tons 480 I 384+48*A I 240+120™A 240%A
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Annual CO, emission change considering carbon intensity

(million ton-CO2/year)
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Model coal-fired power plant (1000 MW, 70%) Ammonia co-firing ratio: 20%
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Since coal still accounts for
80% of the fuel, it is clear
that CO, emissions can only
be reduced by an equivalent
of 20%.

As long as a plant continues
to use ammonia derived from
fossil fuels and fail to achieve
decarbonization, it is
impossible to reduce
emissions.
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Annual CO, emission change considering carbon intensity

(million ton-CO2/year) Model coal-fired power plant (1000 MW, 70%) Ammonia co-firing ratio: 50%
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400 349 emissions from power plants will

240 increase significantly until the

300 105 transition to low-carbon fuels is
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200 Will power generation efficiency
be maintained?
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Future Developments
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Decarbonization roadmap

Operator Plant Auction result, No. Latest update
JERA Hekinan Thermal Power Station Unit 4 2023 No.41 July 22, 2024
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Numerous requests and
development challenges
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Long-Term Decarbonization Power Source Auction:

Modifying a coal-fired power plants, OCCTO

Total Winning Bid
Bidding company Wlpnlng Bid Genera’Flon Bidding Capacity Co-firing Start Year Ammonia to use
Project Name Capacity year (million kW)
(million kW)
20% 50%
JERA Hekinan Unit 4 100 2023 18.7 FY2027 Middle of 2030s [Blue -> blue & green in 2040s
JERA Hekinan Unit 5 100 2023 18.7 FY2027 Early 2030s  |Blue -> blue & green in 2040s
KOBELCO Power Kobe | Kobe Unit 1 70 2023 13.1 FY2029 Initially mainly blue, gradually turning green
KOBELCO Power Kobe | Kobe Unit 2 70 2023 13.2 FY2029 Initially mainly blue, gradually turning green
Hokkaido Power Tomatou . 70 2023 13.2 FY2030 Late 2030s Blue & green
Atsuma Unit 4
Shikoku Power Saijo Unit 1 50 2024 9.5 FY2030 Late 2030s Blue -> Blue or green

6th Strategic Energy Plan : By FY2030, it is projected that “hydrogen and ammonia will account for approximately 1%” of total

electricity generation (934 billion kWh).

—> Assuming a capacity factor of 70%, approximately 1500 MW (ammonia contribution) of power generation capacity will be required.

- Even if all above plants are operational, only 920,000 kW.
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Long-Term Decarbonization Power Source Auction:

Modifying a coal-fired power plants, OCCTO

Retrofit of existing coal-fired power plant

: co-firing with 20% or More Ammonia

The 1°t auction in FY2023

The 2" auction in FY2024

The 3™ auction in FY2025

ceiling price 74,446 (76,653) (79,243)
g‘:‘;”/ kW/ye 100,000 378,807
(domestlcﬂxedcost) """"""""""""""""""""""""""""""" (domestic fixed cost)
only domestic fixed cost . + price gap subsidy for fuel cost, 40% of the
+ upstream fixed cost , :
plant’s capacity factor
* Based on green fuel, but set at a * q fuel
threshold of ¥100,000 Based on green fue
accepting applications
successful . L
bid 3 operators, 5 power plants 1 operator, 1 power plant (Application guidelines announced on

770 MW

95 MW

September 3)

To encourage applications, OCCTO adds an extra value on the ceiling price

— This increases the burden on the demand side

— It's not just a cost issue. Is there a realistic prospect of implementation?
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Challenges in higher co-firing ratio and mono-firing for power
generathn USIng ammonia Document from the Agency for Natural Resources and Energy

Extension of existing thermal power plants: Higher ammonia ratio co-firing technology with coal boilers (including mono-firing)

It is necessary to address technical challenges such as securing sufficient heat for stable ammonia combustion, reducing NOx
emissions, and suppressing unburned ammonia.

Under the condition using a co-firing burner, up to 50% of ammonia can potentially be mixed without modifying the boiler. It
offers the advantage of early, low-cost implementation of ammonia co-firing

When using mono-firing burners (burners designed to combust each specific fuel ), it is possible to gradually increase the co-
firing rate by combining them with co-firing burners or adjusting the proportion of dedicated burners, ultimately achieving
mono-firing in the future. However, this requires developing burners with entirely different shapes. Furthermore, due to the
resulting deterioration in heat recovery, it is anticipated that the entire boiler will need to be replaced.

Construct new power plants Ammonia mono-firing in gas turbine
Introduce technology for burning 100% ammonia in gas turbine due to its high combustion efficiency.

The development of mono-firing technology has not progressed yet, and it is also necessary to scale up for practical
implementation. With this shift toward mono-firing and scale up, challenges such as NOx control and ignition difficulties arise.
Although these issues are similar to those encountered in coal boiler combustion, the differing power plant structures and burner

configurations necessitate entirely distinct research and development efforts compared to those for coal boilers.

The timeline is not specified.
The use of ammonia should be prioritized in sectors where alternative technologies are not available.

Its application in thermal power generation will delay the transition to other technologies.
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Challenges of using fuel ammonia for coal-fired power generation

* Even if 20% co-firing can be realized in some coal-fired power plants by 2030, the reduction effect
will be limited.

* Need to use coal continuously beyond 2030.
* Reductions at a pace commensurate with the “1.5°C” target is completely impossible.

e During ammonia production, emissions reductions are anticipated through the use of CCUS.
However, until CCS becomes operational, CO, cannot be processed and will be emitted.

* Measures are needed for upstream emissions.

* Domestically, emissions may appear reduced, but emissions continue at the manufacturing
Site.

* Furthermore, since manufacturing and transportation involve energy consumption, fuel ammonia
does not contribute to decarbonization.

* Additional costs are expected to be quite high. It may be more expensive than renewable energy.

* Various support measures are in place, but there is also a risk to be stranded assets.
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