%I RS S HE -
HRESASOHES

O

B A
GUNMA UNIVERSITY

HRIZCHEITAMBEMBEEZAHLV-
HEIEERAESEDCO,HIB A EETE
J2 LR Try
MEEEM RIS AP EHE I ERF

E¥ nyy) ﬁﬁ
202342 H5H




B R

1. BEEFEWHEFEICHEITAIRTEDK T EMER]

2. KFEF#RAWEIRILF—IRTLOCO,HEHEDHIE
3. KEMHBHEHEEDER

4. ¥Rl BBR KR EE D AT LDERET

(Lol




1. BEERMEARICBITAIREDIRRE
{ti ]



LHEEBADOIRILE—HEE

EU .
Nordic (.

United
Kingdom

France &

PLDV
Mexico { 2-3 wheelers
Buses

Other Africa 8
: SEAEEER LCVs and trucks

Brazil _ th W T Rail

Other Latin America j'

South Africa 8 Air

Shipping
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per-capita income: historical 1960-2002 & projections 2003-2030
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22 3 Hk: Dargay et al., 2007, The Energy Journal, 28 (4), pp. 143-170
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1859 —}— First U.S. oil well drilled

Internal combustion engine (ICE) —4— 1867 %%Krﬁﬁ Sperllng and Gordonl 2009/
invented by Nikolaus Otto T .« .
: Two Billion Cars: Driving Towards

1885 —— First1CE car bult by Keel Bonz Sustainability, Oxford University Press

Hybrid-electric prototype built by =—f=— 1 899
Porsche

1908 —f— Model T (with ICE) debuts

U.S. transit ridership reaches highest —— 1926
peacetime levels

1930 —— f:nomﬂpmdnlm“nlorm

Suburban building boom begins following __ |
World War |l 1947

N
1956 - uammmiemmmied | 1990 FE R AT/ N A

Arab oll embargo constricts supply —4— 1973 IJ ‘J F‘ EJJ 4 75 ﬁ A
First hybrid-electric cars sold in U.S. —— 2000 é *L é i T ‘ j: E}J E i

2008 —1— Sarowmarsi haches 118 etcen pa FATIC DINTREL
e o 112008 7"' Z1el I hHoT- £2& 3 Hk: http://nissan.jp

2008 —}— Crude ol hits $147 a barrel on July 11 _J 8

1979 —t— Iran-Iraq war doubles oil prices
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Over 16.5 million electric cars were on the road in 2021, a tripling in just three years

Global electric car stock, 2010-2021

z 18
S o Other PHEV
E 16
S m Other BEV
w14
8 @ United States PHEV
L 12
8 .
w 10 m United States BEV
8 O Europe PHEV
6

B Europe BEV

4 O China PHEV
2 i
mChina BEV

2010  20M 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

IEA. All rights reserved.

Notes: BEV = battery electric vehicle; PHEV = plug-in hybrid electric vehicle. Electric car stock in this figure refers to passenger light-duty vehicles.
“Other” includes Australia, Brazil, Canada, Chile, India, Japan, Korea, Malaysia, Mexico, New Zealand, South Africa and Thailand. Europe in this figure includes the EU27, Norway,
lceland, Switzerland and United Kingdom.

Sources: IEA analysis based on country submissions, complemented by ACEA; CAAM; EAFO; EV Volumes; Marklines.

22 3k IEA/OECD, EVI, 2022, Global EV Outlook 2022: Securing supplies for an electric future 10
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Fuel cell electric vehicle stock, 2021

FCEV stock and HRS by region, 2021 FCEV stock by mode, 2021

FCEVs (51 600 worldwide) and
HRS (730 worldwide)

FCEV stock (thousand)
cwoash 8&HESH

PLDVs LCVs Buses  Trucks
Okorea @ United States EChina O.Japan @ Germany OoRoW

IEA. All nghts reserved.

Notes: FCEVs = fuel cell electric vehicles (shown in the outer ring); HRS = hydrogen
refuelling station (shown in the inner ring). PLDVs = passenger light-duty vehicles;
LCVs = light commercial vehicles; RoW = rest of the world.

Source: |IEA analysis based on data submission of the Advanced Fuel Cell Technology
Collaboration Program (AFC TCP).

$2& 3Ck: IEA/OECD, EVI, 2022, Global EV Outlook 2022:
Securing supplies for an electric future
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Source: IEA, OECD, 2015, Technology Roadmap: Hydrogen and Fuel Cells
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WTW CO, emissions (gCO,/km)
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Che Mainichi The Asali SHimbun 1 sas swon e

Japan's National Daily Since 1822

Japan to ban domestic gas-fueled car sales by mid-

2030s

Japan PM Suga vows goal of net zero SRp—

December 4, 2ozo at 16:18 JST

emissions by 2050

Japan will ban the sale of new gasoline-
powered cars by the mid-2o30s to help it put

October 26, 2020 (Mainichi Japan)

the brakes on greenhouse gas emissions,
sourees said.

TOKYO (Kyodo) - Japanese Prime Minister : ke _ . The central government is expected to set the
W )

new regulations to achieve its goal of net zero

Yoshihide Suga on Monday pledged to cut
greenhouse gas emissions in Japan to net zero by

carbon emissions by 2050.

The economy ministry will hold a mesting of

2050 1n his first policy speech in parliament.

experts and automobile industry leaders as

; , The LEAT, an electric vehicle manufactured by early as Dec. 10 to discuss the new target, which
In his address at the start of the 41-day extraordinary Nissan Motor Co., on display in September 2017 will be included in the government’s draft plan

Diet session through Dec. 5. Suga also called for (4sahi Shimbun file photo) at the end of the year.

plan would ban the sale of new

: T balancing measures to prevent the spread of the novel 12 e E The new an th -
dall)ia?eze lie : stir o e Suga coronavirus with the promotion of economic growth, 9 & OO gasoline-powered vehicles in the domestic
st e RIS market and limit sales of new cars to those with

extraordinary Diet session at the upper house of while reiterating his resolve to hold the postponed
parliament in Tokyo, on Oct. 26, 2020. (AP 2
Photo/Koji Sasahara) Tokyo Olympics next summer. vehieles and hybrid cars.

no or low exhaust emissions, such as elactric

1 (FBRFEERAE

2050F £ TITHh—ARo=Za—rIILttE 20353V UE

Source: https://mainichi.jp/english/articles/
20201026/p2g/00m/0Ona/081000c

Source: http://www.asahi.com/ajw/articles/
13989088#:~:text=Japan%20will%20ban%20the
%20sale,zero%20carbon%20emissions%20by%202050
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Source: http://nlftp.mlit.go.jp/ksj/

GDP per capita: USD 38,492

Source: http://data.worldbank.org/indicator/NY.GDP.PCAP.CD

Population: 127,103,388 people

Source: https://www.cia.gov/library/publications/the-world-factbook/

Car ownership: 455 car/10° people

Source: IEA/OECD, “Energy Technology Perspectives 2012”, (2012).
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BEIEDKES [m]
=5 DPHES =
——*ﬁ %:L.\:HIEY\.E [CC] Eé I_I_IE _I%_é
=S < 660 3.40 1.48  2.00
IZNE B B EE < 2,000 4.70 1.70  2.00
@ BEE > 2,000 >4.70 >1.70 >2.00

SENXE: BX3@EAE, 1951, EEXEBEMEMITRE (BBifn=+E/\A
NHEHESTELTI™E)

Ll

SZ Rk http://toyota.jp ZZ Xk http://honda.co.jp ZSZ Xk http://honda.co.jp
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Notes. @ Gasoline and diesel: CO, emission factors (Bandivadekar et al, 2008), price (EDMC and IEEJ, 2014) and
(IEA/OECD, 2012); ® Hydrogen: 100% SMR in 2012; 50% SMR, 25% wind and 25% solar PV in 2050; CO, emission
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Source: Elgowainy et al., 2016, Life-Cycle Analysis of Water Consumption for
Hydrogen Production, 25p; Ruth et al., 2009, Technical Report NREL/TP-6A1-
46612; Jaber et al., 2010, J. Hydrog. Energy, 35, pp.8569-79; Parkinson et al.,

2018, J. Hydrog. Energy, 43, pp. 2540-55; Wakeel et al., 2016, Appl. Energy,
178, pp. 868-85; METI, 2019, FY2017 Energy Supply and Demand Report;

EDMC, IE

EJ, EDMC Handbook of energy & economic statistics 2019;

Nikolaidis and Poullikkas, 2017, Renew. Sust. Energ. Rev., 67, pp. 597-611;
Samsatli and Samsatli, 2018, Appl. Energy, 220, pp. 893-920; Spang et al.,
2014, Environ. Res. Lett., 9, 105002 14p.
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Overall score L = z 2 a;jSj cWe Eq. (1)
j c
Where: H;
e ’ Eq. (2
a; Dmd d. (2)

Maximum, — Attribute; .
S],C — . . . Eq' (3)
Maximum, — Minimum,

a:  Share hydrogen production Maximum: Maximum value for each attribute
C: Category for evaluation Minimum: Minimum value for each attribute
Dmd: Hydrogen demand S: Score

J: Hydrogen production technology w: Weighting coefficient

H,: Amount of hydrogen produced Z. Overall score 48



KEEEVATLOETIL—HIFE

1.IKEEEE 2 KEODFEE
2. RFIDOEHE <F|HRgE7R[R %

3. IRIILF—EHE= < JIAARELGIRIILT—EIR

4oz>0

5. ‘Ikg7k§'r='—=3él7'"UCO HEH = < e RCOBEFE

AL

WAN

e

i

49



SFU%

Scenarios Priority
Cost Energy Water CO,
Low Cost (LC) 4
Low Energy Use (LEU) v
Water-Energy-Carbon (WEC) 4 v v
Water-Energy-Carbon and cost (WECC) Vv 4 v v

e Linear Programing static optimization model.
* National-scale.

 Model developed in GAMS (General Algebraic Modeling System).
 Model solved using CPLEX.
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Using data from (Jaber et al, 2010), (Ruth et al., 2009) and (Parkinson et al., 2018)
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Availability
Natural gas [Mt/year] 2.29
Water [billion m3/year] 1.11

Availability Energy Feedstock use
[PJ] use [unit/MIJ]

[MJ/MJ] Water Natural

[L]  gas [kg]

Natural gas 110 0.066 0.004 0.0012
Wind electricity 22.1 1.857 0 0
PV electricity 132 6.042 0.006 0
Geothermal 13.9 7.333 0.487 0
electricity
Hydroelectricity 420 0.294  4.267 0
Grid electricity 1444 1.530 0.632 0

Source: Elgowainy et al., 2016, Life-Cycle Analysis of Water Consumption for Hydrogen Production, 25p; Ruth et al., 2009, Technical Report NREL/TP-6A1-
46612; Jaber et al., 2010, J. Hydrog. Energy, 35, pp.8569-79; Parkinson et al., 2018, J. Hydrog. Energy, 43, pp. 2540-55; Wakeel et al., 2016, Appl. Energy,

178, pp. 868-85; METI, 2019, Annual Energy Report 2018; Spang et al., 2014, Environ. Res. Lett., 9, 105002 14p; MLIT, 2018, Utilization of Water Resources,
4p; NEDO, 2013, Renew. Energy Technol. White Pap.; Lee et al., 2016, Water Consumption Factors for Electricity Generation in the United States, 28p;

METI, 2019, Japan’s Energy 2018; 10 Questions for Understanding the Current Energy Situation, 19p. 55
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