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Summary

1. Objectives
In this research, we have studied as to what the infrastructure and cities/houses
should be for the harmonious transition to hydrogen energy oriented society. We have
examined and analyzed following 5 issues to be considered:
O Future prospects of hydrogen energy oriented society
Japan’s approach to hydrogen energy oriented society

O

Strategic operations in every country aiming for hydrogen energy oriented society

O

What the infrastructure should be in hydrogen energy oriented society

O

What cities/houses should be in hydrogen energy oriented society

2. Contents
Chapter 1: Future prospects of hydrogen energy oriented society.
Based on available technologies and progress in development of hydrogen energy,

future prospects and issues of hydrogen energy are described.

Chapter 2: Japan’s approach to hydrogen energy oriented society

The approach toward the transition to hydrogen energy in Japan is not new.
In the 1990s when global warming problems became serious, Japan actively considered
to apply the fuel cell system. Japan is currently trying to apply the hydrogen energy
in accordance with the trend that the hydrogen energy is one of best substitutes. In
this chapter, the baseline scenario of Japan’s approach to hydrogen energy is prepared
for further discussions.

Chapter 3: Strategic operations in every country aiming for hydrogen energy oriented
society

At present, many countries in Europe and America are trying to make strategic
operations in adopting the hydrogen energy. But each country differs in territorial
structure, energy reliance, energy requirement, and technological standards. In this
chapter, strategic operations in every country aiming for hydrogen energy oriented
society are described with the full consideration of above said differentiated
characteristics and future policies.

Chapter 4: What the infrastructure should be in hydrogen energy oriented society

To make hydrogen energy oriented society sustainable, it is necessary to develop
an infrastructure to supply hydrogen to fuel cells. Since in developing the
infrastructure for supplying hydrogen, there would be financial, constructional and



environmental issues in developing a completely different energy infrastructure from
the existing one, the effective utilization of existing social capital should be one of best
alternatives. In this chapter, what a good hydrogen supply infrastructure should be is
described.

Chapter 5: What cities/houses should be in hydrogen energy oriented society

At present, the stationary fuel cell for domestic use are under active development.
The spread of them would be earlier than these of fuel cell cars. With the spread of
fuel cells for domestic use, problems arise as a process of the consideration for the
storage and transportation of hydrogen in the city. There are many problems in
considering uses in the house. In this chapter, what cities/houses should be in
hydrogen energy oriented society are described with the full consideration of urban
issues.

Key word: hydrogen energy oriented society, fuel cell, hydrogen infrastructure,

co- generation, dispersed type energy system
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4-10 NASA Air Products 2004
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Heat waves and periods of
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GLOBAL WARMING: Early Warning Signs
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- LNG Receiving Terminals in Japan and Existing Gas Pipeline Systems -

JAPAN PETROLEUM EXPLORATION

NHGATA-SENDAI Pipstine
o 3 ol SENDA
B
JAPAN PETROLEUM EXPLORATION | TOKYO GAS
YUUFUTU Pipaline Trunk fine

Natural Gas Pipeline Routes From Sakhalin Island Planned by Japan
Petroleum Exploration Corp. (Japan) and From East Siberia via
China and/or Korea Planned by Others.

The Sea of Japan Route

The Pacific Route

Pipeline Route Planned
from East Siberia
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Strong Government Strong Industry

R&D Role Commercialization Role Transitional Phases

. Technology
Development Phase

Phase|— T -=-=-====-mmm=mmmmma Ressarch to mest customer
e RD&D [ &l requirements and establish business
-------------------- 5290 leacs to & commercigization

decislon

’Cummerciatization Decision

. Initial Market
Penetration Phase
Fortabls power and siationary! trensport
systems bagin commencialzaion:
Infrastruchure invesiment begine
with governmertal policios

. Infrastructure
Investment Phase

H. power and transport systems
commercially available, infrastructure

business case realized
fitne v
IV. Fully Developed Market

Phase

I | Transition to the Marketplace I||

Phase

" I Expansion of Markets and Infrastructure I 1] 1

| | | | and Infrastructure Phase
) ] N S Tk H, power and transport systems
g = S 3 £ commercially availabie In all reglans;
national Infrastructure

The timeframe is long and the investment is large to develop a hydrogen and transportation market that reduces our Nation's dependence on

foreign sources of energy while minimizing environmental impacks.
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IPHE Vision

“The vision of the International
Partnership for the Hydrogoen
Economy is that a participating
country’s consumers will have
the practical option of
purchasing a competitively
priced hydrogen power vohicle,
and be able to refuel it near their
homes and places of work, by
2020.7

Secretary of Energy Spencer Abraham,
April 28, 2003 T
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HVDC Transmission (ND-Chicago) — H, Production

= - e 7.?‘\"‘-
T 3060 kg (102 MWh)
500 M - =y $100/kwWh
$1000/kW [ o
util. 40% o
: . Buffer Storage
14 o= L il
North Dakota - Chicago w
1000 miles g
o
2 5MwW
170 MW
$1000/kW g

n~75%

Pl T‘ 3825 kg/hr, 25 bar
HVDC Electricity Transmission Cable
2/3 Overhead: $0.8 MM/mile / -

North Dakota-Chicago: 1000 miles

1/3 Underground cable: $1.2 MM/mile o
1 ~85% (1000 miles) g
0, Gas x H, Production
91,810 kg/day
@ $8.85/kg
Water
275,427 gal/day

140



141



EUO Natural-hyO OO OO0

gioboooooooooboooobooobbooboooobbooooooooooooooon
O0O0oOoooOoooco200OxOOdOsm o0 o000 ooooooo00ooooon
oo0ooooooo

oooooboooooooooob0oboobooo0oDoooOOo0DOo0obOoooononDO
gboboboobooooboooboobboooDbobobboooobbbobooooDObOo0ODn
gb0b0oO00O00ooOxOoobosbODooOooOooooOooooooooboooboooobooooon
oo

go00oO00O00o0o0O0oOooOobODOCECo200000mooOoO0O0nooooooooooooon
ooodoooooDoooDoooDpDooooobooobbboobobOobbOooboboboooon
00000000000 oOo0O0dOMNaturalhy)DO DO OOO0OO0O0O0OOOOOOOOO0OOOOOO
doodoooo0oOoo0oooOooo0OoOooobOnooobooObOoO0b000OobonbooOa
oobooooooooOoOoOoO000oboc000o0oooo0boooooobcoobooooobooo
00000000000o0o0ooofco20000onoooobo0ooonoooooooooon
oooooooood

godbooboooooOobDoDOoOooboooo O ooooOOOooOoooobooooooon
gooooooooobooobbocooboooboooobOboooOooobooocoboooobooon
dooooooobOooobooooOoOoooooboboooooOoo

0000000019700 000 0 O 0O O OO0 OO0 Chydrogend methaned hythane[TGHIO O O O
00000000 0000000000 OSunline TransitU D00 00 00000OOCO0OO

| BPOODOOODOOODOOOOOOOOO |

e JOOOOODODDOOOOOODDOOODOODODOOOooooooOon
. ooooooooooooooo

- JOOOOCODOOOO0OOOO0ORO0O0O0O0OOO0000000OO0
0 ooooonooooooooaoo

 JO0DMOOOOOOOOOO0OOOOcOCO0OOOOOOOOOn0O0n
e ooboboobooooooooon

- DOOCOOMOODO0OOOO0OOO0OO0DOODOOO000O0O0000n
. obooboobooonoobooboooooooooao

- JOOOOOOCOODOOOOCO0ODOOOOOOOO0OOO00o00
oooooo

142




143



144



OO0O000O0O0O0O00O0DO0OOoOoOOoOgonoodnn

0000000000000 00O0O000000020100000000000000000O000000
0000000000000 00000000000000000002003090001000000000
oooooooooo

000000000 00o0oOoDoOoz2005000008000000000000010000000000
gooooooooo400o00oog
0000000000 00000000000000000000000000000000000O00000
0000000000 000000000000 0000000 000000000000 DO0OOO0O000OOaO
goooooOooooosoonooooooooooon
00000000000 o000oo00000000000000000oo0oOooooOooooooon
go0ooooOoooosmwOOOO
0000000000000 00O000000OO00000000O0OOOOOOoBMwO OO 00
OooooooooDooooDOoooo000oDDO0o0oooDoODbO0o0DooO0oOooooooan
00000000 oOoOoOooooooooooon
HROKFEEBHGEHREBEL (2010 4)
Db
oooooooooo
Other . F
4% Spaﬁe operations
1
Methanol - 1% ﬁ
B |
L
.
Amonia 1
0% .
Refinin
3?%9

Norsk HydroO OO OO QOGO QoQOQO

¥

ooooooooooooooooboon
doboooooooooobooooonn
oooooooooooooooood
oooaon

145




Global Hydrogen Supply H,-Fuel Cells and Electricity

a0

B:Scdar Tharmal

B hhcdar High Tamg
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W Coal il ation

B

Warkd Hydrogen Supply (EJ)
Bl ety G e (B e

=

o0 20 2040 2080 e 2100 e =

H, as Main Final Energy Carrier
Merchant

2.5 million tonnes per year

£
e O Hydrogen
5 H Electricity
Captive > O Natural Gas
95% E‘ @ District Heat
- o 5 Aleohols
43.5 million tonnds per yes w M Alco
g O Cil products
E @ Biomass
E] W Coal
F seemb B on ored caemiang of 5£ m 5

Sowece Asatysr & invesioe Seemmar Air Ligu
December 2001

Global H2 demand is approxi Iy 46 million t per year
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