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Renewable energy resources in Asia are limited. ks
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O Being the growth center
of the global economy,  Solar power
Asia’s energy demand potential
will continue to grow.
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Young fleet of coal-fired power plants in Asia Jc

O Asia’s power demand will keep growing, and the average age of its coal power
fleet is still young.

Shares of coal-fired power capacity by age (as of 2018)
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Clean ammonia as a co-firing fuel for coal
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No CO, emissions at burning
Directly utilized as a fuel without cracking

Carbon intensity can be lowered to an equivalent
level to gas-fired power generation if the co-firing
ratio is raised to 50%.

Liquefied at minus 33 degree Celsius; the most cost
competitive mean of hydrogen transportation

Adopted with limited modifications to the existing
coal-fired power plant facilities

<

Co-firing of ammonia can be an effective option
to decarbonize the existing coal-fired power plant.
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Early retirement of coal-fired power plant 1)

O Another option to decarbonize the existing coal-fired power plant is early
retirement of the coal plant and substitution by renewable power plant.

O The retirement of coal plant and development of renewable power generation
are assisted with a packaged financial supports by Asian Development Bank
(ADB).

Early retirement

Switching '
Renewable power
generation

Development of new renewable
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Scenarios for comparative analysis

1.

ETM* (Energy Transition Mechanism): Earlier retirement of coal units and

replacement with renewable energy

. NH;: Installing co-firing facilities to existing coal units (NH;)

BAU: Business as usual (no decarbonization arrangement)

& Battery

Case Fuel mix assumptions**
) Coal 100% for 25 years [5 years early retirement] +
ETM-Base Solar & Battery
ETM-10 Coal 100% for 20 years [10 years early retirement] + Solar

NHs

Coal 100% for 5 years + NHs 20% for 5 years + NHs

50% for 20 years

BAU

Coal 100% for 30 years

*ETM is the name of the program supported by ADB; **The age of coal power plant is assumed as 10 years old.
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CO, emissions reduction

O NH; case can reduce more CO2 emissions than ETM cases.

CO, emissions of each scenario (for the next 30 years)
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Generation cost

O Both ETM and NH; cases require higher cost than BAU.

O Generation cost of NH; case is lower than those of ETM cases.

5 Generation cost for each scenario
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*Initial investment cost for coal power plant is not included as the plant is assumed as 10 years old.



Major findings of the analysis IEE

O Co-firing of clean ammonia (NH; case) should be regarded as an
effective option to decarbonize the existing coal-fired power
plants in Asia.

v Both ETM and NHj; cases will have a higher cost than BAU case.
Generation costs of ETM cases are higher than that of NH; case.

v NH; case can reduce more CO, emissions for the next 30 years and at an earlier
timing.

AN

v ETM case may require additional costs for securing land for large-scale solar park
development.
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Utilization of clean hydrogen

O Various types of clean hydrogen should be utilized as a feedstock of ammonia if
they contribute to emissions reduction and cost-competitive supply.

Blue hydrogen

Fossil
fuel

CO, is captured and utilized or stored.

v' Large volume of hydrogen can be
produced at single location.

v Minimizing CO, emissions and
securing CO, storage locations are
important.

Green hydrogen

Renewable 0
power 2
vater( H: &
2
Wﬁ production

v" Cost reduction is needed as it is costlier
than blue hydrogen.

v" Production tends to be less stable
because of the intermittency of
renewable power generation.
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Supply chain development of clean ammonia

O Supply chain of clean ammonia has to be developed internationally to realize
economies of scale and to develop a functioning market at a speed much faster

than in the case of the LNG supply chain.

Ammonia supply chain

Hydrogen production (SMR*
w/CCS, electrolysis, etc.)

Ammonia production

Storage / loading

Transportation

Unloading / storage

Pipeline / domestic transportation

Consumer’s application

*SMR: Steam methane reforming
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Blue ammonia pilot project by Saudi Aramco and IEEJ

Conceptual Flow Diagram of “Blue Ammonia” Supply Chain Demonstration
(Duration: August 2020 - October 2020)
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O |IEEJ conducted a pilot project of blue ammonia import and utilization from Saudi
Arabia in 2020 in partnering with Saudi Aramco.
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Conclusions 1L

O Co-firing of clean ammonia should be regarded as a major solution
to decarbonize the existing coal-fired power plants in Asia.

O Various types of clean hydrogen should be utilized.

O Development of the global clean ammonia supply chain needs to be
accelerated.

~ O Collaboration among governments and industries and policy support
~ toward the supply chain development are important.

13



Appendix

14



IEEJ Outlook 2022 IEEJ © 2021

Assumptions: General items

i Assumed age of coal
i power plant

t Coal: 40 years
i Solar & Battery: 25 years

i Calculated as levelized cost of electricity (LCOE)
: (Net present value of total cost / Net present value of electricity generated)
: Initial investment of coal fired power plant is not included.

: 10 years (Initial investment of coal power plant is not included in the generation
i cost calculations)

15
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Assumptions: Coal and ammonia

: Generation capacity 700MW

e Egggéﬁy?géa;fmm"mmmm"T;ngmm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mm"mmq
Heateff|c|ency .......................... 457%(LHV)
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Heatva|eofcoa|248|\/|J/|<g(|_|—|v)
Pnceofcoa|44$/t[|EA(2021)p71] ......................................................................................................................................................
e C02|ntens|tyofcoa|937gco2/|\/|J
Ammomaco_f.rmg ................................................................................................................................................................................................................................
...... CAPExforco_ﬁrmgUS$224m||||onfor20%co_f|rmgUS$337m||||onforadd|t|ona|3o%co_f|rmg
: ..... Ammomapnce3175$/t-NH3[|EA(2021)p71]
Heatva|ueofammon|a141|\/|JNm3(|_|—|V)
...... C02|ntens|tyofog-co2/|\/|J

 ammonia
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Assumptions: Solar and battery

ItemsAssumpt|on .......................................................................................................................................................................
Solarpowergenerat|on ..............................................................................................................................................................................................................
______ Capac|tyfactor1720%
IRequ|redcapac|ty3OGW(ca|cu|atedbasedonthereplacedcoalﬂredpowergenerat|onmcludmgtheq
_ i required power generation for battery transactions)
...... CAPEX(umtcost)US$1600/kW
- operat|ona|||fet|me25years .................................................................................................................................................................................. .5
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Compensation i 12 hours
Requ|redbattery36GWh ...................................................................................................................................................................................
i capacity :
..... CAPEx(umtcost) .... U S$177/kWh(|nc|ud|ngPCS) .................................................................................................................................
Eff|c|ency81o%(:90%forcharg|ngx90%ford|scharg|ng) ...................................................................................
AU OPEX  ZROTCAPEX e

Operational lifetimes 25 years

.........................................................................................................................................................................................................................................................................
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