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IHI

Founded in : 1853
Capital : JPY 107.1 billion (around $892.5 million)
Total Employees : 28,533
Consolidated Net Sales : JPY 1,456 billion
(around $12.13 billion)
Affiliated Companies : Domestic 82
Overseas 170

(Information correct as of March 31, 2015)

Further info: www.ihi.co.jp/en

Resources, Energy
& Environment

Aero Engine, Spac
& Defence
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Net Sales by Business Segment



Business Area of the IHI Group

Resources, Energy & Environment Business Area

Minimizing Environmental Impact

Boilers

Power system plants

Large power systems

Power systems for land and marine use
Process plants

Pharmaceutical plants

Environmental response systems
Nuclear energy

Asian base EPC

© Large-scale tower type boiler

Social Infrastructure & Offshore Facilities Business Area

Underpinning the Essentials of Modern
Living

Bridges and Watergates

Shield systems

Concrete construction materials
Transport systems

Urban development
F-LNG

© Osman Gazi Bridge across Izmit Bay
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IHI

Industrial Systems & General-Purpose Machinery Business Area

Transforming the World's Industrial
Infrastructure

Rotating machinery
Turbochargers for vehicles
Heat treatment and surface engineering

Agricultural machinery and small power
systems

Transport machinery
Parking
Logistics and machinery

© Turbochargers for vehicles

|| Aero Engine, Space & Defense Business Area

Opening New Horizons

© Aircraft engines
© Defense equipment and systems
© Rocket systems and space exploration

© GEnx turbofan engine



Role of hydrogen energy on GHG reduction in Japan ITHI

Towards 2030
~ To reduce emission of greenhouse gases

> GHG reduction targets of Japan by 26% -~
mid-term : 26% by 2030FY (compared to 2013FY) :g:,:;’;f;;;,';gygg;;f;;;;;
long term : 80% by 2050FY - Deliberate promotion

- Realistic initiatives
- Intensify and enhance measures

» On July 3, 2018, the Cabinet approved the | .~ ..
new 5t Strategic Energy Plan. Promotion | © Renewable energy

» Lay foundations to use as major power source

of hYd rogen energy is one of the - Cost re:uc;ti’c_alp. o*.*e:ﬁome ;;ystem constraints,
c 0 secure fiewbility of thermal power
measures to achieve mid-term target. ! °

O Nuclear power

« Lower dependency on nuclear power generation
10 the extent possible

» Restart of nuclear power plants and continuous

Electricity Demand Composition of Power Sources improvement of safety
Thorough Energy Savings
about 196.1 billion kwh O Fossil fuels
(17% compared to before measures) (Total amount) %mﬁ— - Promote independent development of fossil
Economic growth e about 1,065 billion kWh 1 Wind 17% fuels upstream, etc.
1.7%/year / -____!____: o e - Effective use of high-efficiency thermal power
1 A% | L generation
) ) ‘ Moy % » Enhance response to disaster risks, etc.
Electric Electric ! ‘ ' Hydroelectric 8.8~9.2%
Power Power N O Energy efficiency
966.6 980.8 - Continued thorough energy efficiency
billion kWh billion kWh Coal 26% - Integratad implementation of regulation of Act
0il3% on Rationalzing Energy Use and support
FY 2013 FY 2030 FY 2030 measures
(Results)
Ideal composition of power sources in 2030FY [C’ Promotion of hydrogen/power ]«
Source : Japan's ENERGY (2017 EDITION) storage/distributed energy

Measures to reduce 26% GHG by 2030FY,
Source : The 5% Strategic Energy Plan
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Basic Hydrogen Strategy

IHI

> ‘Basic Hydrogen Strategy’ was determined by METI on December 25, 2017.
> In order to develop international hydrogen supply chains, 4 types of energy

carrier is considered in the strategy.

Ammonia is considered to be one of the energy carriers.

Present picture m rget future picture

Fossil fuel-based hydrogen
(by-product hydrogen, natural gas reformation)

(Present) (2020)

‘
Scale-up
Substantial cost cuts

v Developing international hydrogen R
SUpply chans CO2-free hydrogen _
Brown coal combined with CCS,

v' Developing domestic Power-to-Gas X
for renewable hydrogen supply ing renewable energy)

(Reference comparison),

S > Natural gas imports:
200 > 4Kk e ) :-,;E)pg)l,(mm oaciy) 85 million tly
10 Natural gas
-~ o import price:
(hydrogen station price) > 3 (1Borless) $1.6/kg*
'Conversion based on
c o . .
S a0 mace) 5  ¥17/kWh ilﬁ{:xg gas (2) Developing international hydrogen supply chains
o . . - (Commercial stage) ti » Japan will develop energy carrier technologies to enable
] Demonstrating hydrogen power generation, establishing an power generation : ;
z o B v (Reference) 510 mion t represents efficient hydrogen transportation and storage.
= “Roadmap” targets IGIY 8 Foes OeNn Cavecky e GIn e gemern sy » Japan will demonstrate a liquefied hydrogen supply chain
by the mid-2020s for commercialization around 2030
cwm (Present) (2020) (2030) Y ) ' ! _ -
‘f:ﬁ’ 100 > 160 ——> some900 ———> Replacing gas stations > Japan will establish basic technologies for an organic
- — ] hydride supply chain by FY2020 and commercialize the
2 @ 25k > 40k tatonEn > 800k Replacing chain in or after 2025
3 on development, i conventional gasoline ~ Japan will resolve such challenges as reducing the
§ 2fica) cevelopment mobility emission of nitrogen oxide in the direct combustion
Condnaer > 12K Introducing large FCVs process and ensuring safety in handling of flammable and
the 2020s 10K deleterious substances in a bid to introduce the use of
-/ CO2-free ammonia by the mid-2020s.
Utilization Replacing traditional » Japan will consider how best to disseminate methanation
of fuel @ » 53m —> residential energy technology that employs CO2-free hydrogen.
cells — independent systems T
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Scenario for Basic Hydrogen Strategy
Source : Basic Hydrogen Strategy by METI




Advantages of ammonia

Advantages of ammonia as an energy carrier
(1) Highest hydrogen content per unit volume
(2) Easy to liquify (-33°C at 1bar, similar to LPG)
(3) Infrastructures for production and transportation are already existing
(4) Can be used directly as a fuel for power plant

Natural gas
Petroleum
Coal

~—

Renewable
energy

Hydrogen
production

Reforming/
gasification |

4
L

Carbon dioxide capture
and storage

p
vy

Production by
electricity and heat

’ Transport (Energy carriers) ‘

w B )
LH,(253)

Gasification

Organic hydrides
(methyl cyclohexane))

/
Dehydrogenation

CH, CH;
3H,
+—
toluene MCH

Ammonia

Direct use

Utilization

Fuel cell vehicle

& vm

Power generation

oy |

Fuel cell

,/?/
«{
NH; direct combustion
gas turbine
t
1

Fuel cell NH, furnace

Energy carriers considered in ‘SIP Energy Carriers’ project
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Problems to overcome IHI

Problems to overcome
(1) Optimized combustor design for stable flame and reduction of
fuel-NOx to use ammonia in thermal power plant.
(2) Evaluation of performance of power plant
(3) Safety measures

(4) Feasibility studies ‘

IHI has joined Cross-ministerial Strategic Innovation Promotion C‘Gr::,

Program (SIP) for the development of Ammonia Direct MR <2 T

Combustion technology for gas turbine and coal fired boiler and -
SESvr L

also Ammonia Fuel Cell.

Coal fired boiler Gas turbine SOFC

Insulator

., N
5 FC stack

eat
exchanger

% CFT(Coal Firing Test Furnace)
Target power plant of ‘SIP Energy Carriers’ project in IHI
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Reaction pathway of fuel-NOx (coal combustion) ITHI

l + NO
—— HCN— — N,
—>Volatile-N— I+ Char
+ CHi
Fuel-N — NH, +02 NOx
+0 T
—— Char-N 2
NO, formation in coal combustion
1200 ; Reactions of intermediate N species
1000 } Xno=1000 ppm ! HCN + O, - NO + ...

| X,>3% I
800

600

400

Reaction rate [s1]

200

0

NH3+02—)NO+
HCN + NO — N, + ...
NH3+NO—’N2+

From De Soete’s expression

High-temp.: Ryus.02 » Rucn-o2, Rienno, Raksno
Increasing [NH;])/[HCN] facilitates more NOx formed

1100 1600 2100
Temperature [K]

Contradict with some literature:
Increasing [NH;])/[HCN] facilitates more N, formed

Calculated by most widely used De Soete’s expression Some studies showed R, .o, is too low
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Ammonia co-firing pulverized coal (P.C.) boiler ITHI

Task : Optimization of the combustion system for the NOx reduction.
Feasibility study to introduce ammonia into the existing power plant

= 2017FY : Co-firing test using 10MWnermar test furnace
2018FY : Trial design to introduce ammonia co-firing system for existing
coal fired power plant (1000MW)

Study condition :
Model plant 2. Evaluation of boiler performance by CFD
Output :1000MWe 3. Feasibility study for boiler

Co-firing rate: 20% in
calorific value.

1.Optimization of
combustor to reduce DeSOx

DeNOx
NOx \ = = BHERR
sE o BE
a_

Boiler

ERA—EY EE I BE

Steam turbine [

4. Feasibility study for gy
Receiving Terminal, TR AL R 55 fis
Storage TankTaInk Vaporizer Ash handling
. _ 2 Rk . - Coal Tanker
7{:‘;—7 g R ER Bt
Ammfrl\;Tanker 4 - ”l NGE 2 h—

Tasks Combustion test facility
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Approach to control NOx and boiler performance ITHI

> Technical Issue and approaching method:

+ NOy reduction by experimental and numerical analysis
- Boiler performance (amount of the steam generation) by numerical analysis

( Consideration of the fluid dynamics

= 1800
= 300

Temp.(K)

~N

Consideration of the NH; Reaction path

O ... Candidate zone for NH3 injection

e e
. Burnerzone !
|| Combustion Air

|

1 Coal Recirc.
| Zone
L
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P
NO, reduction by the NHj; injection

method (CHEMKIN)

NOx ppm
02 6%

CO ppm
02 6%

1400
1200
1000
800
600
400
200

10

O N & O

Y Degree of reduction

Weak ———) Strong

100% Mix. Combust. Flame
Coal Zone Air Zone
9 NH3 20% Co-firing )

10




Coal Firing Test Furnac

e (CFT)

IHI

Fuel feeding
rate

Coal 1.0-1.6 ton/hour
Ammonia 0.4 ton/hour

Ammonia feeding facility

Burner type

IHI-Dual Flow burner,

Target

NO below 200 ppm
(@ O, 6% conversion, NH; 20% co-firing)

Overview

Control box Evaporator )

CFT
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Burner for ammonia co-firing Measurement items

Ammonia

Ammonia

-Exhaust gas

(CO, CO2. NO, N2O)
*Unburned carbon
*Heat flux
-Flame shape

etc.

11



Results : Stability, NOx and unburned carbon

> Stable flame can be achieved by

controlling swirl of the secondary air.

» NOx concentration in 20% ammonia co-
firing condition is same or under that of
100% coal firing condition.

» NH;, N,O concentration in exhaust gas is
under detection limit.

A 20% ammonia co-firing

‘100%COa| ‘ A
.‘-"‘.‘ .,.,.,,#'
e e A
g 10 | | |
§ 8
5 6 I
3 4
O T | e, A
E 2 | OA LI SN
o)
C 0 | | |
o]

200
100

1.00 1.10 1.20 1.30 1.40

Excess air ratio [-]
Effect of ammonia co-firing on NOx and unburned carbon
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Ammonia co-firing gas turbine IHI

Task : Optimization of combustor design to reduce NOx
Demonstration using 2MW scale commercial gas turbine

= 2015-2017FY : Optimization of combustor design
2018FY : Demonstration using commercial 2MW class GT (IM270)

0o

City gas Ammonia
co-firing
Comparison of swirl flame

Copyright © 2018 IHI Corporation All Rights Reserved

Feature of NH; combustion (compared with CH,)
v' Lower flame speed (approx. 1/5)

v Lower heating value (approx. 1/2)

v Lower flame temperature(approx. 200°C)

v" Emission of fuel-NOx

Problems to be solved

v' Burner design to achieve stable flame
v Reduction of fuel-NOx

v Reduction of unburned NH;

v' Stable supply of vaporized NH;

v Control method for stable operation

13



Demonstration using commercial 2MW class GT IHI

» IM270 gas turbine with ammonia supply unit is installed for the

demonstration.
» Only combustor is modified to achieve stable combustion and low

NOx emission.

-

e R Camera

‘ Inlet air
¥, duct

IM270 Gas Turbine

Ammonia supply unit

Copyright © 2018 IHI Corporation All Rights Reserved. 14



Results : Combustion efficiency and NOx emission

> Stable operation of gas turbine is achieved.

IHI

» Combustion efficiency is approximately 99.87% (considering heating value

of NOx)

» NOx can be controlled below regulation limit using de-NOx catalyst with

the improvement of combustor.

350

w
o
o

-

N
(%)
o

NOx@Turbine outlet

N
o
o
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(%2
o

I

NOX@16%0,(1SO) [ppm]
[
o
o

50
NOx@SCR outlet

|

10 15
NH; mixing ratio [%LHV]

20

Effect of co-firing ratio on NOx emission
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Ammonia fueled SOFC IHI

Task : Evaluation of SOFC stack performance using 100% ammonia.
Optimized design of SOFC system including stack and other components.
Demonstration test using 1kW-class SOFC integrated system.

= 2017-2018 : Demonstration test by 1kW-class
integrated SOFC system

Insulation
materials

Fuel cell

Heat

(DFuel electrode (Anode) exchanger

(@Ceramic membrane (Electrolytes) Numerical simulation of temperature
®Air electrode (Cathode) Structure of hot module distribution in hot module
Mechanism of ammonia fueled SOFC Development of SOFC hot module

Copyright © 2018 IHI Corporation All Rights Reserved 16



Results : Operation of SOFC system IHI

> High efficiency (56% DC) and
thermal independent
operation is achieved by the
optimized thermal design.

> Stable operation is achieved
by air flow control.

> 1000 hours continuous run is
on-going.

Hot module

* MFCs
+ Air blower
+ Start-up heaters

Temperature distribution in the system

Thermal design of SOFC system

- LOO 1500
>, Start up Steady Shut down
o _ g | 1250
o "
G O Power —
%P;' 60 | 1000 =
:g Efficiency | 750 g
<G 40 |
.E.é Current | 500 &
w

qt) 20 | Voltage 4 250
3
(@) 0 : 1 1 n 0

0 1000 2000 3000 4000

Time [min]
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Conclusion ITHI

In order to use carbon free ammonia as a fuel for power
plant, technologies to use ammonia directly as a fuel in coal
fired boiler, gas turbine and SOFC are developed.

Coal fired boiler Gas turbine

Insulator

N
FC stack

X CFT(Coal Firing Test Furnace) exchanger

%IM270 Gas turbine

> 20% co-firing test of ammonia with » 20% co-firing test of ammonia > Test using 100% ammonia

pulverized coal is succeeded using
10MWth test furnace.

with city gas is succeeded using
2MW commercial gas turbine.

as a fuel is succeeded using
1kW hot module.

NOx emission can be controlled at NOx can be controlled below > High efficiency and thermal
the same level as 100% coal firing regulation limit using de-NOx independent operation are
condition. catalyst with the improvement of achieved

combustor
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Ammonia Synthesis: Twin IHI Gasifier (TIGAR®)

@ What is TIGAR?

v' TIGAR is a gasifier suitable for low rank feedstock
like lignite and biomass.

TIGAR has been developed
based on the fluidized bed
technologies of which we
have extensive experience
and knowledge.

Using steam as gasifying
agent, H2 rich syngas can
be obtained.

H,
BIO 2%
ﬁ‘“ sin ‘\ss
co

: ol Air
v Currently we are in the final stage of development

co
1 40%

r g

L~2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

€ CO2-Free Hydrogen Supply Chain

Household Fuel Cell

Urea, Fertilizer

g

Biomass

@ Business Model Example

Business Model A | Business Model B
Feedstock Biomass Lignite with CCS
TIGAR 200 ton/day 1000 ton/day
Capacity as feedstock as feedstock
regie! 5,0(();(83:;;22;232 H2 200%5))02tjr:/?/§;\1a|:?\m3
End use FCV, Fuel Cell Power plant, Urea

Copyright © 2017 IHI Corporation All Rights Reserved.

. J
TIGAR is being developed with the support of METI and NEDO Confid ent i al
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IHI's Carbon free energy network using ammonia IHI

Henewable ¥
Energy

Fertlllzer
Chemical Feedstock

Power Supply for
Urbane Areas
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