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Exhibit ES-2 Cost and Performance Summary and Environmental Profile for All Cases

Integrated Gasification Combined Cycle Pulverized Coal Boiler NGCC
GEE Cop e PC subcritical PC supercriical | Vanc. SS
Case 1 Case 2 Case 3 Lase 4 Case 5 Case b Case 9 Case 10 | Case 11 Case 12 || Case 13 | Case 14
: E No Yes No Yes No Yes No Yes No Yes No Yes
S T e g = e =
oss Power Output (kW,) 770,350 744,960 742,510 693,840 748,020 693,555 583,315 679,923 580,260 663,445 570,200 | 520,090
Auxiliary Power Requirement (kW,) 130,100 189,285 119,140 175,600 112,170 176,420 32,870 130,310 30,110 117,450 9,840 38,200
Net Power Output (kW,) 640,250 555,675 623,370 518,240 635,850 517,135 550,445 549613 550,150 545,995 560,360 | 481,890
Coal Flowrate (Ib/hr) 489,634 500,379 463,889 477,855 452,620 473,176 437,699 646,589 411282 586,627 N/A N/A
Natural Gas Flowrate (Ib/hr) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 165,182 | 165,182
1,674,044 | 1,710,780 | 1,586,023 | 1,633,771 | 1,547,493 | 1,617,772 | 1,496,479] 2,210,668 | 1,406,161] 2,005,660 § 1,103,363 1,103,363
38.2% 32.5% 39.3% 31.7% 41.1% 32.0% 36.8% 24.9% 39.1% 27.2% 50.8% 43.7%
8922 10,505 8,6_81 10,757 8,304 10,674 9,276 13,724 8,721 1%534 6,719 7,813
4,003 4,579 3,757 4,135 3,792 4,563 6,212 14,098 5,441 12,159 2,511 4,681
160, 328, ,080, 200, 2508, T.370.020 | 002612 | 1.001.277 | o00.391 | 1,567,073 J10.710 | oed.6e28 |
1,813 2,390 1,733 2431 1,977 2,668 1,549 2,895 1,575 2,870 554 1,172
78.0 1029 793 105.7 80.5 1104 64.0 118.8 63.3 114 .8 68.4 974
1,123,781 | 114,476 | 1,076,143 | 131,328 | 1,054,221 | 103,041 [1,036,110] 152,975 | 975.370 | 138,681 | 446,339 | 44,634
3,937,728 | 401,124 3,777,815 | 460,175 | 3,693,990 361,056 |3,864,884| 569,524 |3,631,301] 516,310 J1,661,720| 166,172
CO, Emissions (Ib/MMBtu) 197 19.6 199 236 200 18.7 203 203 203 203 119 19
CO, Emissions (kg/MWh)* 662 69.7 659 859 639 674 807 102 762 948 355 389
CO, Emissions (Ib/MWh)? 1,459 154 1,452 189 1,409 149 1,780 225 1,681 209 783 858
CO, Emissions (leWh)' 1,755 206 1,730 253 1,658 199 1,886 278 1,773 254 797 a3
S0, Emissions (-bfhr] 73 56 68 48 66 58 433 Negligible 40'7 Negligible § Negligible | Negligible
SO, Emissions (tons/year) @ CF' 254 196 237 167 230 204 1,613 Negligible 1,514 Negligible | Negligible | Negligible
SO, Emissions (Ib/MMBtu) 0.0127 0.0096 0.0125 0.0085 0.0124 0.0105 0.0848 | Negligible | 0.0847 | Negiigible | Negligible | Negligible
S0, Emissions (kg/MWh)* 0.0427 0.0341 0.0413 0.0311 0.0398 0.0380 0.3369 Negligible 0.3179 Negligible § Negligible | Negligible
S0, Emissions (Ib/MWh)? 0.0942 0.0751 0.0909 0.0686 0.0878 0.0837 0.7426 | Negligible | 0.7007 | Negiigible | Negiigible | Negiigible
NOx Emissions (Ib/hr) 313 273 321 277 309 269 357 528 336 479 34 34
NOx Emissions (tons/year) @ CF' 1,096 955 1,126 972 1,082 944 1,331 1,966 1,250 1,784 127 127
NOx Emissions (Ib/MMBtu) 0.055 0.047 0.059 0.050 0.058 0.049 0.070 0.070 0.070 0.070 0.009 0.009
NOx Emissions (kg/MWh)? 0.184 0.166 0.196 0.181 0.187 0.176 0278 0.352 0.263 0328 0.027 0.030
NOx Emissions (Ib/MWh)* 0.406 0.366 0.433 0.400 0.413 0.388 0.613 0.777 0.579 0722 0.060 0.066
PM Emissions (-lrhmr) 41 41 38 40 37 39 66 98 62 89 Negligible | Negligible
PM Emissions (tons/year) @ CF' 142 145 135 139 131 137 247 365 232 331 Negligible | Negligible
PM Emissions (Ib/MMBtu) 0.0071 0.0071 0.0071 0.0071 0.0071 0.0071 0.0130 0.0130 0.0130 0.0130 Negligible | Negligible
PM Emissions (kg/MWh)? 0.024 0.025 0.023 0.026 0.023 0.026 0.052 0.065 0.049 0.061 [ Negiigible | Negligible
PM Emissions (Ib/MWh)* 0.053 0.056 0.052 0.057 0.050 0.057 0.114 0.144 0.107 0.134 | Negiigible | Negiigible
Te SSions T T T oo T o T oo ooose )]0} ooone Oo0oD Boure JNegigDle | NegligiDle
0.011 0.012 0.011 0.011 0.011 0.011 0.022 0.032 0.020 0.029 Negligible | Negligible
osn 0.571 0.571 0571 0.571 0571 1.14 1.14 1.14 1.14 Negligible | Negligible
1.92E-06 | 2.03E-06 1.89E-06 | 2.08E-06 1.83E-06 | 2.06E-06 | 4.54E-06 | 5.75E-06 | 429E-06 | 5.35E-06 JNegligible | Negligible
Hg Emissions II):'M“"‘I)= 4 24E-06 4 48E-06 4 16E-06 4. 59E-06 4 03E-06 4 55E-06 | 1.00E-05]| 1.27E-05 | 945E-06 | 1.18E-05 jNegligible | Negligible
¥ Capacity factor is 80% for IGCC cases and 85% for PC and NGCC cases
2Value is based on gross output
* value is based on net output
Hi#22) DOE/NETL-2071/1281
Exhibit ES-5 Total Plant Cost Exhibit ES-3 Net Plant Efficiency (HHV Basis)
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Exhibit ES-11 CO, Capture Costs =
4.5 Cost of CO2 avoided
The cost of CO, avoided reflects the cost of reducing CO, emissions to the atmosphere while
90— producing the same amount of product from a reference plant. The cost of CO, avoided is
83 expressed as a $/tonne of CO, not emitted with respect to the reference process. As
BERemoval Cost illustrated in Figure 4-2, a facility with CO, capture generates additional CO, per unit of
80— product with respect to a reference plant due to the lower plant efficiency related to the

B Avoided Cost

GEE IGCC CoP IGCC Shell IGCC

H#2) DOE/NETL-2071/1281

Suberitical PC  Supercritical PC

increased auxiliary power required to run the CO, capture process. In the CO, capture case,
the emissions are reduced through the capture of CO,. However, with respect to CO,
emissions in the reference case, emissions reduction is less than that in the capture case.

Capture Ready
10)

5

H‘Vl‘U'&"!JA
28% (59)

Capture Only
39% (B3,

Sworage Only
22% (4T)

\\_ Capture and Transport

2% (5)
Transport Only

Transport and Storage 2% (4)

2%(5

TOTAL - 213
Figure 4-2 Illustration of CO, avoided for a hypothetical power generation plant

H#84) The Global CCS Institute
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(H488) Elgie and McClay (2013)IBC’s Carbon Tax Shift Is _ ; ’ o
Working Well after Four Years| (Canadian Public Policy / Analyse (Hi#8) Ericsson and Werner (2016) [The introduction and

de Politiques, Vol. 39, Special Supplement on Environmental expansion of biomass use in Swedish district heating‘systemsJ
Policy in Canada, S1-S10) Figure 1&04ERK. (Biomass and Bioenergy 94, 57-65) Figure 3&D{ERk.
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<ERKRAT—IavOEEKR>
Progress of Hydrogen Refueling Stations for Goals

. g - + 92 HRSs are commercially available and 9 in process.
Ensure about 160 HRSs in FY2020 and 320 in FY2025. (*As of January 2018)

+ For the price of hydrogen, aim at offering at the same or | . _
lower price as compared with the fuel cost of gas vehicles * 1N HRSS currently opened, the price of 1,000-1,100

: s z yen/kg, which is close to the fuel cost of hybrid vehicles,
in 2015, and as compared with the fuel cost of hybrid is strategically set.
vehicles by around 2020.

Map of Hydrogen refueling stations

Open 92 Stations
(In process 9 Stations )

Chukyo area]
* As of January 2018. [ /
Y 26 Stations o,'
[Kansai , Shikoku area] / ) [Hokkaido, Tohok |
i okkaido, Tohoku area
15 Stations / ”
[g— 4 Stations
/
[ o0/
it ¥ (#?
i =y .\
\
[Chugoku , Kitakyusyu area] /\ = m_ﬂm @uw\‘\ [Tokyo area]
16 Stations S 40 Stations

(tHE8: New Era of a Hydrogen Energy Society, 27" February 2018, METI)
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M/Nm*-H, (RHL- RESHE)

FM/Nm®-H,
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Dk FE & (by IAE)
QIKFE/IRL1TS5 1> (by KHI)
@k FE&IE (by IAE)
@FERTELHh (by IAE)
@Zﬁ?iﬁﬁ%n‘(by KHI)
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7.4
3.1
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n
n
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VERTRE 26
ia?@]ﬁ*xﬂz 10
HiEFI AE 45
EE & 6.6
2)KERBENEE=E (B 3.54
KEMMINE 80
KEMRBEHHEE (ER) 4.43
Eﬁjj%m 35
BEhE 15.5
3)KFHEIRE 22.1
4.2 NAOAZTFORINBEFEKFZFHTSAFz—2DaRXL
Mk HBEHEIR (by IAE) 22.1
@IKFE/IRL1TS5 1> (by KHI) 0.5
Bk FE&RE (byKHI) 9.8
©FE R E H (by KHI) 3.2
@Kk FEEM (by KHI) 26
= 38.2
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5 KEMKRHEIZHBITHKOERE & EA
(5E8[E &I[E D F VAT =N =aAV DT AA—)
<EZH>
DKERIFTILAETEERREIX80°CET D,
QKEBMBDHHEORD MNERITEY, FEALTOERKDEFEN
BELRET/NSVRT S,
QKForBEFRICRELTERREKILKEFEIZESND,
@Kk BB TKFRoBERIIF/REFKTHIEIN ETELY
40°CTRNZHEH TS, 40°COMMETEDKAMNORT S,
@KESRBTOKELSD R (80°C=40C D & FFH) 1L
TBIRIEF KA DER IR THRESIN S,
DEFRBRENZORRBLIBTHREAINDS,

@BREMKDITA—F I (Ao TV D) XFERAFKEDNET S,

<7JOotRK>
1 RIGICKYHESNDTOERKDE
}i,;‘ll_\:_l'-t H20—> H, + 0.502
IBERIKE 1 mol/mol-H,
18 kg/2 kg—H,
18 kg/22.4 Nm®~H,

0.804 kg/Nm3—H,
SHEKE: BRKE x 1.1 EF5%, (TR—4EIEED)
0.884 kg/Nm®-H,
2 KFQEBFRIZEMFESNTRNZHESITOERKDE
ROFREBE: 40 °c ET 5,
40°CHKFERIE: 7.375 kPa
E£KE: 0.109 Nm>-H,0/Nm®-H,
0.088 kg—H,0/Nm°*-H,
3 A= 7yITOwRKOELER
A—HPyTTOERKDEEE: 0972 kg/Nm®—H,
TOtERKD Effi: 250 M /ton
JO+ERKDE R : 0.243 M /Nm-H,
<AHEIK>
KFRDFEEE (HHV): 3.54 KWh/Nm®~H,
(LHV): 3.00 kWh/Nm®-H,
KEMBME: 80 % (R1)
KEMMEOR: 20 %
KERENHEHEES 4425 kWh/Nm°3-H,
FEE: 0885 KWh/Nm®-H,
EREE: 761 kcal/Nm®-H,
80°CHKZERIE: 47.36 kPa
AFEKE: 0701 Nm®-H,0/Nm®-H, (0, & 4 ITH B I 2% FKELE L)
0.563 kg—H,0/Nm®-H, ( E £ )
BAXBMBAHOAHKDEEEZ: 20 °c
EERAHEKE: 38.1 kg-H,0/Nm®~H,
TO—49 8 (A—HT7yTE): 5.0 %
A—=T7vTmEKE: 1.9 kg-HyO0/Nm®~H,
AN K@ EAfi: 250 3 /ton
ARKDER: 0.476 [ /Nm’-H,

<TOERKERBHKDEFTDA—UTITKELERA>
A—OTYITKEDEE: 2.9 kg-H,0/Nm°-H,

A EIK O B 250 F /ton
ATV TKDERDEE: 0.72 FH/Nm°-H,
take 1 F/Nm’-H,

2018.4.26
H, & H,0 IAE
or
0, &H,0
(40°C)| 1EIRiki%7K
JOtRK ARNR
)(_77\\)7" )‘_77“)70
foé C Ak
eno| Bl mal |
OZ&HZO m%ﬁ 7'3_7\'-7‘/
il ®
KRR A7
(80°C)
ot RK
Jo—4y

IKERKFEE AT LT7O—K (T by IAE)
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A study on the economy of a R.E.-based
global CO,-free hydrogen supply chain

Masaharu Sasakura' (msasakura@iae.or.jp), Kenji Murata®®, Yuji Mizuno®", Shigeki lida'"

AEMWC-2061

(B4, .5 (2))

IAE

The Institute of Applied Energy

1The Institute of Applied Energy, Tokyo, 105-0003, Japan

Key message :

If the power unit price of the Saudi Arabian solar power (1.79 US ¢ /kWh) is available for a global hydrogen
supply chain, the cost insurance and freight (CIF) of the hydrogen based on renewable energy could come down to the
equivalent level (32.7 yen/Nm3-H,) to the CIF of the hydrogen based on fossil fuel, Australian brown coal (29.8 yen/Nm3-H,).

Japan’s Basic Hydrogen Strategy by MeT!in 2017]

. . (METI: Ministry of Economy, Trade and Industry)
Scenario for Basic Hydrogen Strategy

Fossil fuel-based hydrogen CO2-free hydrogen
SN (by-product hydrogen. natural gas reformati
gl chain development and demonstration, seale-up

(Brown coal combined with CCS,
Tydrogen (Present) 12020}
volume

utilizing renewable energy)
200t —> 4,000 t ————> 300,000t —

30 yen/Nm3

1113 or less)

~100 yen/Nm3

{hydragen station price)

12 yen/kKWh

. 17 yenfkwh
I > —3> Replacing gas

Commercial

ity
i Present) (20204 12030)
improvement will allow
@ 100 locations =3 160 lacations some 900 locations——" | ey ations to
z |[QED 200 units —> 40,000 unites 800,000 units Teplace kw siationg
:-:_- rabrie by ds o ey FU stack technology
= doriepmeont development and cost
o @ 2 units =2 100 units 1.200 units cuts allowing FCVs 1o ki of
replace gasoline f“““:;'; ;;"'
@ Al units =3 50 units 10,004 umits
Relesamt gor Tn Introducing large FCVs
Utilization Ene-Farms replacing Numbgr of
5.3 million househbld
220,000 unit — lradllu ru! mldtnml ousehOuls
T Tuel ecll @ ol units nergy Smiion 5

Pilot-scale demo. operation by HySTRA
~CO,-free H, supply chain based on liquefied H,~

{Gasification iGas treatment Ha liquefaction,
i facilities 5 facilities  handling terminals

<".‘ Liquefied Hz
storage and 3
handiing tacilities &

¢ Liquefied Ha
carriers

CO; storage (CCS)

Long-range m EISS

Gasification technology \transport technology Ha |r|<|||r|(;| tec huul:xw
1
Kawasaki  (Source:https://global.ka
I-Power ... I Iwatani wasaki.com/en/corp/news
H peorp ¥: f Shell Japan  room/news/detail/?f=201

i research and demonstration 60401 4614)

World's first liquefied hydrogen cargo ship:
toward realization

From Australia to
Japan in FY 2020

Pilot ship

T Special dome structure for maintaining vacuum

Association members
——— Stainless stes

S s s Kawasak Heaw Industries, Lt
g =Iwatani Corporation
*Shell Japan Limited

Cargo tank

December 2013
Basic certification obtained from Nippon
Guideline to complement IGC code is being proposed to IMO by both Japan and Australia

1 EquEpHmnt of vessets Tor Tansportng buk SpMEnts of Busned s

(Source: KHI's disclosed doc.)

KHI's feasibility study on a commercial supply chain:
Study conditions

Items

4.74 Mtons / year
0.764 MTOE / year
2.51 Gm3/ year
225,500 tons / year
4.39 Mtons / year
160,000 m3 x two ships

(Source: KHI's disclosed doc.)

Brown coal consumption

Hydrogen production

quantity

COg2 stored amount

LHs carrier

CIF of H, derived from Australian brown coalty kHi
v.s. Saudi Arabian solar power [y IAg]

Fossil fuel oy kHn Renewable energy by & 1)Eq. cost 260 K yen/ (Nm*=Hy/h)
CIF(Cost, insurance and (yen/Nm?) (yen/Nm3) Ob. Iif 10 vyear
freight) = 20.8 yen/Nm®*  CIF =(29.8] ¢ CIF =(32.7)(by IAE) p.lite :l
Carrier 9% | 2.6 = 2.6 C.apa. Factor 32 % .
Loading base 11% | 3.2 & 3.1 (by IAE) Fixed cost 9.3 yen/Nm™H,
2)Power cost of water electrolysis
Liquefaction 33%| 9.8 =N 7.4 (by IAE) Eff. 80 %
Hydrogen pipeline ., | ¢ - 05 Power consump.  4.43 kWh/Nm’-H,
. . *4
Production 29%| 85 & (19.0 (by IAE) | Power unit price 1.97 yen/kWh
Power cost 8.7 yen/Nm’-H,
;CS | 12'? 2.9 3) Water cost 1 yen/Nm®-H,
rown coa %] 2.3 3
Power unit price (yen/lkWh) =  5.67 o 1.97 (by 1AE) 4)H, prod. cost 19.0 yen/Nm'™-H,

Brown coal: 15 A$/ton, Exchange rate: 81 yen/A$, 110 yen/US$

*Electric Power Development Co., Ltd.

Prospective vision of global hydrogen supply chains
for Japanty el

Hydroelectric H,
er@armw ™

.

Ass. Gas H,i
form of M H by AHEAD 2

=Pilot dem®. op. in FY 2020
funded by NEDO™

< K. * Hydroelectrlc SN
§ idroelectric
~ e S
——

= =l "le
Pilot ship ﬁ"‘(by KHI) i

Lignite H,with CCS in the W|ndH2farm
form of Lig. H, by HySTRA™
+Pilot demo. op. in FY 2020 funded by NEDO™

]
i -Ass. Gas: Associated gas :
I *NG: Natural gas ;
! *MCH: Methylcyclohexane
! qu quueﬂed i
! *1) HySTRA CO,-free Hydrogen Energy Supply-Chain Technology Research Association led by KHI

! *2) AHEAD: Advanced Hydrogen Energy Chain Association for Technology Development led by Chiyoda i
! *3) NEDO: New Energy and Industrial Technology Development Organization

Pilot-scale demo. operation by AHEAD
~H, supply chain based on MCH/toluene~

CH,

Methylcyclohexane (MCH)

i
- > | A ! = i
o] N =
Handling/storage L / Handling/storage i

@ Toluene (TOL,

..........

Hydrogenation

7

Hydrogen is separated from MCH
(generated TOL is recovered/reused)

Chemically fix hydrogen to TOL
and convert to MCH

Association members

-Chiyoda Corporation

»Mitsubishi Corporation

Mitsui & Co., Ltd.

*Nippon Yusen Kabushiki Kaisha

: Transportation of MCH
- ; Transportation of TOL

From Brunei to
Japan in FY 2020

(Source: https://www.ahead.or.jp/en/research.html)

KHI's feasibility study on a commercial supply chain:
Capital expenditure & Operating expenditure

Labor

LH, carrier
0,
% Brown coal

13 %

HZ
roduction
30%

Owner Maintenance

cost4 %

45 billion yen/y

LH, -
: 744 billion yen Co,
Loa.dmg H storage
site 2 12 %
19 % i)lf/)elme
(]
N,, H,0,
etc. 10 %

H, liquefier
33%

Capital expenditure

Operating expenditure

(Source: KHI's disclosed doc.)

H, production cost derived from
Saudi Arabian solar powerty &

*4) 1.79 US ¢ /kWhltx1.1yen/US ¢ =1.97 yen/kWh)
[1] https://www.pv-tech.org/.../acwa-power-wins-saudi-300mw-solar-pr.
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Impact Assessment of Hydrogen Energy Import
on National Wealth Outflow
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Hydroelectrlc H,
s W[Mrm

-Pilot demo in 2020
Note:

-Ass. Gas: Associated gas
-NG: Natural gas

-MCH: Methylcyclohexane
-Lig.: Liquefied

— k

Lignite ﬁ‘:with CCS in the
form of Liq. H, by KHI
-Pilot demo. in 2020
-Commercial demo. in 2025
Commercial op. in 2030

519

"‘.« ;'.
Wind farm
H,

BaS|C Hyd I’Ogen Strategy (determined by the Government of Japan in December 2017)

Scenario for Basic Hydrogen Strategy

Fossil fuel-based hydrogen

CO2-free hydrogen

Supply {by-product | natural gas

(Present) 12020}

200 ¢

=100 yen/NmJ3

= 4,000 t ——3> 300.000 ¢

(hydrogen station price)

IReference con

(Brown coal combined with CCS,
utilizing renewable energy)

Natural gas imports:

\commersial supply chain capasity b By
Natural g
5 30 yen/Nm3 irmpost price
(13 or less)

16 yenNmd*

17 yen/kWh 12 yen/kWh

developenent stage)

(2020
=3 160 loeations
= 40000 unites

(Present)

100 locatinns

2,000 units

Mobility

P e —]

(Commercial
opemiion stage)

—> Replacing gas
r generation

Haailmapy targets

) Profitability

Vit LNG poswes
genermtion cost
12 yenkWh
Forssil purwee
pencration capacdy
1326W

3 3 improvement will allow Number of gas
some 300 locations Ty drogen stations to saation
FEVMydragen H0.000 units replace gas stations F1.500
ot FC ~la\l\|uhu gy
e ——
1,200 units cuts ulltwung CVatn ezl
© 2nd half sl the . s passenger cars
pry . replace gasoline 6 millien
10.0HH) units
Introducing large FOVs
- Ene-Farms replacing Numbsr of
53 "'!"""1 —3 traditional residential houscholds
units CACTEY systems 53 millinn

Chiyoda’s global hydrogen supply chain

(B 4.6] WH EC '

22 WORLD HYDROGEN
ENERGY CONFERENCE

2018

Rio de Janeiro

StrategiC Energy Plan (formulated by the Government of Japan in April 2014)
Strategic Road Map (formulated by the Government of Japan in June 2014)

Revised Strategic Road Ma

Significance of Realization

UEnergy Saving
Use of fuel celis enables high energy efficiency.

ZEnergy Security

Hydrogen can be produced from various primary energy sources, incheding
unutilized energy sources such as by-product hydrogen, flaring gas, and brown
coal; and renewable energy sources.

Procuring these energy sources from areas of relatively low geopolitical risk
leads to enhancing energy security, and using renewable energy promotes

energy self-sufficiency.
Phase:1

p (revised by the Government of Japan in March 2016)

of a Hydrogen Energy Society

3Environmental Load Reduction

| | Hydrogen does not emit CO2 when consumed.
Applying Carbon Capture and Storage (CCS) technology to hydrogen
production or using renewable energy enables a completely CO2-free system.

@Industrial Promotion
Japan Is ranked first in patent applications regarding fuel cells and s strong in
this field.

Phase:2 Phase:3

H2 Power Plant/

Installation Fuel Cell

2009: Residential FC
2014: FCV

2017: Stationary FC
around 2020:

+PEFC;B00 thousand yen
SOFC;one million yen

-FCV fuel cost % HEV fuel cost
HS; About 160 in total

FCV; About 40 thousand in total
around 2025:

“FCV toward volume zone
-FCV cost competitive = HEV
HS; About 320 In total

2020 -

Tokyo Olympic)
JParalymples

2030

FCV; About 200 thousand in total

2040 - around 2030:

4

Mass Supply Chain _ _

- Accelerate RD&D "
- Realize reasonable |
H2 Price 1"

T e s o overseas|| Ul Scale COx-ree H2
oA ﬁuﬂpﬁ"ﬂﬁ.’f Full Scale Ha Power Plant | St ':‘:2;*‘“"'* Energy,

CO2-free Hydrogen
"

around 2040:

KHI's global hydrogen supply chains

based on liquefi

Australia

Low-cost hydregen production
from unused resour::‘e_s.(p;qu_c_oﬂ). aman

: - ) quefed Liquefied
Gasification .:hydrugen hydregen carriers
':.s orage

n,
High-efficiency CCS  §

carbon dioxide E’mmms.s
capture and storage *Mpsnssnssnnnmannn
Renewahle
energy

Hydregen production

~—

Hydrogen transport
and storage

ed hydrogen (LH,)
Japan

Use in processes
semiconductar
and solar cell production,
oil refining and desulfurization, etc

mmnm 3
-
*

Liguefied
hydrogen

trucks

Power plants
combined cycle power
plants, etc.

Energy equipment
5 hydrogen gas engines,
" gas turhines, boilers,
fuel cells, etc.

Liquefied

hydrogen Transportation equipment
tanks .
° = hydrogen station,

Hydrogen use

(Source: KHI's disclosed doc.)

LNG’s domestic reflux / overseas outflow (amount / ratio)

based on methylcyclohexane/toluene Case 1 Case 2 Case 3

Premises
LNG import unit price to Japan ($/MMBtu) 18.00 7.50 11.00
TEnT EEeET LNG import unit price to Japan  (Million MMBtu) 4,492 3,432 3,480
[Abroad] [Seal [Japan] (methane/H, fuel) LNG import amount (hundred milion yen) 64,685 24,196 45,936

Chiyoda H, storage & transportatlon -I Unit cost
ow == pnn gy by ergumis ek i sthods . Gas field development ($/MMBtu) 0.90 0.90 0.90
Methylcyclohexansb (MCH) = Liquefaction ($/MMBtu) 3.40 3.40 3.40

.
= - § Transportation ($/MMBtu) 1.40 1.40 1.40
ro
[Abroad] e () 2, Owner profit ($/MMBtu) 12.30 12.30 12.30
v E]
[H, plant] Cost breakdown
I ' Gas field development  (hundred million yen) 3,234 2,903 3,758
Liquefaction (hundred million yen) 12,218 10,969 14,198
- H, ™ City gas blend Transportation (hundred million yen) 5,031 4,517 5,846
Owner profit (hundred million yen) 44 201 5,807 22,133
m [z plant] Electrolysis Domestic reflux rate
co, m Gas field development (%) 0.0 0.0 0.0
- - Liquefaction (%) 25 25 25
Gasification | Wind energy | | Hydraulic energy | Transportation (%) 33.3 33.3 33.3
Owner profit () 17.0 17.0 17.0
PV energy | | Renewable energy | = =
L Domestic reflux amount/ Overseas outflow amount
field Domestic reflux amount  (hundred million yen) 9,495 (14.7%) 2,765 (11.4 %) 6,064 (13.2 %)

(Source: Chiyoda’s disclosed doc.)

Overseas outflow amount (hundred million yen)

55,190 (85.3%)

21,430 (88.6%) 39,872 (86.8%)

(Note: Exchange rates are 80yen/USD for case 1, 94yen/USD for case 2, 120yen/USD for case 3)

Domestic reflux / overseas outflow amount of LH,
derived from Australian lignite (case 1)

(Source: Scenario Study Group's report)

LNG vs LH,, Domestic reflux / overseas outflow amount

(billion yen) Study results(case 1) (billion yen) Study results(case 2)
12,000 12,000
10,000 Domesticrefiux money Domestic reflux money
g | mOverseas outflow money 5 660 10,000 m Overseas outflow money
8,000 - 950 ! 8,000
(billion yen) 6,000 6,000 4,320
12,000 111,100 570 140 Domestic reflux money Total 4,000 4,000 280
5,520 5,440
1 — W Overseas outflow money 2,000 ’ 2,000 - 4,160
10,000 20 [l 1270 2,140
n m Total 0 0 X
940 LNG Liquefied H2 derived from LNG Liquefied H2 derived from
8,000 - Australian lignite Australian lignite
6,000 - I 7o 1720 (Assumptions)
’ o0 casel case? case3
1,900 20 (billion yen) Study results(case 3)
Liquefied H, Liquefied H, Liquefied H,
4,000 1 12,000 derived from derived from derived from
Domestic reflux money LNG NG NG
950 10,000 = Overseas outflow mone, Australian Australian Australian
2,000 - 840 8000 4 lignite lignite lignite
1,930 == ! Ater the March 11 Before the March 11 Average before the
o | 240 6,000 610 4,390 Assumed e doaser0) | 0| disaseroog) | | vahttdsaser | 2%
T T T T T T T 130 _ _ -
LH2 Lignite cCs  H2 pro- H2 H2 LH2 LH2 Domestic reflux money Overseas outflow money 4,000 Imported amount of heat 4,492 million MVBtulyear 3,432 million MVBtulyear 3,480 millon MVBtulyear .
CIF cost  fuel duction pipeline Lique- Loading Ocean (billion yen) (billion yen) 2 000 3990 Imported  |mport uitvlve | 18§MMBIU 09,8 venitn|  7SSIMVBUU 208 venim'|  LLSIMVBIU | 298 yen/Nim’|
(d " faction transport ! ’ amount  [exchange rate 80 yen'$ - 94 yen'$ - 120yen/$ -
omestic 0 T i i I 8500 bilion en
reflux ratio) = @3 27.0% 80.2%) (86.3% GLOD NG T (lg(lw:es\ic r;mﬂﬁzr::;moum 6,4700bﬂgn ¥en 11.1;0 ;Enysn 2,42001)1\\1\? yen mg :ulmonyen 4‘6{100 hlnggn R
(Source: Scenario Study Group's repor) Austratan tgrite Ovrseasoufowrato 088 | 0 0% | 0w 068 0%

(Source: Scenario Study Group's report)
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#B4VE1\: Top 10 Innovations Finalists (JRRZYTT—<%1:25)
(HH B8 : Innovation for Cool Earth Forum 4* Annual Meeting, 2017)
5 Water splitting-biosynthetic system with CO, reduction efficiencies exceeding photosynthesis (Harvard
University)
6 High—power all-solid—state batteries using sulfide superionic conductors
(Tokyo Institute of Technology, Toyota Motor Corporation)

8 World’ s tallest wind turbine integrated with pumped storage hydro (Max Bégl Wind AG, GE Renewable Energy)
10 Flight powered by biofuel made from residual wood (Northwest Advanced Renewables Alliance, ICM, GEVO)
12 World’ s largest tidal turbine at EMEC for first time (Scotrenewables Tidal Power Limited)

15 Smart grid demonstration project in Haryana State, India (Fuji Electronic, Sumitomo Electric Industries, THE
Power Grid Solution)

18 World’ s first supply of biojet fuel via hydrant at Oslo Airport (Air BP, Neste, SkyNRG, Avinor)

19 World’ largest cellulostic ethanol plant (Dupont)

23 California picks winners for first—ever auction of distributed energy as demand response (South California
Edison, Pacific Gas and Electric Company, San Diego Gas & Electric)
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(H B2 : www kobelco.co jp/technology—review/pdf/64_1/002-007.pdf)
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