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1 |BIEORRKAEE 1) ENEECCSHEHEE T (2). 2020% (1). 2025% (1) (Wh7B). 2040% (1) (B RM CIIHETC. AR E L RmNI L—JA)L—hBilk). 4B
(R K IRE) 2) BRABEOCCSIXE 3FH/k>C0O2(1), 5FH/F>CO2(1), 7FH/brCO2(1). FBHN)
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| 1990 2000/ 2010| 2020 2030 2040 2050
AR HERE = 16 16 16 18.7 23.9 323 355
KEHRFEMEBEFECY) 46.9| 51.95 57 57 57 57 57
EXEEHEEV) 67.6 67.6 67.6 68 68.4 68.8 69.2
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Mfars | Ty | ooO W | FORRS T o

: . . . Eg=lP . ..
—~r megsjoule | ki kilocalore kilocalorie o tonofoil British

P ot s Gealp) | (kealp) “L'f;'f U;f equivalent | thermal unit
IR *1 | BV 22| ey | 0% | (Bu)
AH S m— 27777810 | 2.38846x10% | 238889107 | 2.58258x10° | 2.38846x10°° | 9.47817x10°
*00 N 35000?! 8.59845%10% | 8.59999x10% { 9.29729x16° | 8.59845x10° | 3.41214x10°
Hoho—p 418630x1i) 1.16300x10° I Looo18 | 108127107 1x107 396832
Fapral—p | 4.18605x10" I 16279x10° | 99982110 i 1.08108x107 | 9.99821x10% | 396761
;ﬁf;ﬁ,ﬁ 387210x10" | 1.07558x10" | 924834x10° | 925000<10° 1 924834x10" | 3.67004x10”
TpaEh | 4.18680x10° | 1.16300x10° | 1x107 | 1.00018<107 |  1.08127 1 396832x10"

Bin 105506107 | 293071107 | 251996107 | 25204110 | 2.72477x10% | 25199610 1

*1 Intemnational System of Units (Burcau Intenational des Poids ef Mesures)iC. 5 E#5 5L
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1 Profile of The Institute of Applied Energy

*Nonprofit corporation, operated under the General Policy Planning Division of
the Ministry of Economy, Trade and Industry(METI) of Japan

eFoundation: April 1st, 1978

*Basic assets: approx. 6 million USD

*Scale of op.: approx. 33 million USD

(as of FY2008) _ Mission
«Office: Tokyo, Japan To contribute to solving issues on
<Employees: 70 (inc. board members)
*Supporting company: 82 energy development, supply and use
+Home page: http://www.iae.or jp from technological standpoints

(1)Viewpoint of applied energy:
science and engineering

/ Activity

Since 1978, IAE has
conducted research
and development

in collaboration with
the industry,

the academia and
the government as
a leading Think Tank

R Next generation
p
specialized in energy

<D
@chnology J

IAE The Institute Of ADD|IEd EI"IEFQV Copyright; 2012 IAE. All rights reserved. Open session of IEA HIA TASK28 in Tokyo, Japan

(2)various energy and
environmental technologies

(3)Collaboration

V.

Global
environment

Profile of the Hydrogen Group

Mission
To contribute to suppressing global warming by
realizing global green H2 energy system (using
Renewable Energy)
through clean H2 energy system
(using Fossil Fuel with CCS)

=Grouping
Started as the WE-NET Center in
1994 in line with the launch of the
National “WE-NET Project”
*Current members: 6

Technology |

Innovative Technologies | | International Joint Research |
Development

Feasibility Study on Green Hydrogen
| H2 from Renewables |

f_ ACtiVity Technology Strategy Planning
Since 1994, H2 Group | Evaluation H2 Technologies—!
has conducted
entrusted H2 related

I H2 from Nuclear Energy |

| RD&D Roadmaps |

Strategy Planning, Education
R&D, Feasibility Study | | —urpl costs of 2 Guidebook on Effective
Educ;ation etc |Dap|oyment8cenarios Utilization of H2

Deployment Strategy Plannij

as a leading Think
Tank specialized in H2
\tgchnology.

Study on H2 Safety Basic Properties of H2 |

Fundamental Research l w and International Policies and RD&D ]
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2 Overall Schedule of the Voluntary Study Groups

FY2010 FY2011 FY2012

Concept Stud v v M M

1) P VI 41 Mar) (#2:July) (#3:0ct) | (#4:Feb.)

(IPCC doc.) (IEA doc.) (Simulation)

2)

3) Proposing for Proposals reflecting 3.11

New Basic disaster to the Government

Energy Plan reviewing the current Basic

Energy Plan.

) v v
Action Plan Study (#1:June) (#2:Nov.)
1 Demand Survey _ @Total Sch. | |@DTo discuss
2) Simulation (Case studies) @Objective drafts of Item
3) Visual Vision, Scenarios @Simulation 1)~4)
4)Road Map, Action Plan @Topics @To discuss
5)Many-sided Evaluations "ETP2012 FS reports by

-NH3 KHI & Chiyoda
| | |
5

|AE The Institute of Applied Energy
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3 Concept Study Group

<Background to the Setup>

Government’s Trend
1 The Basic Energy Plan (decided in 2010)
1) Targets (@2030)

(1) Self-sufficiency ratio 140 %
(2) Independent energy ratio :70 %
(3) Zero-emission power ratio 170 %

2)Realization of H2 Society
(1)Vision goals = Now: Fossil H2, By-product H2
Future: Fossil with CCS H2
Ultimately : Non-fossil H2
(2) Concrete Efforts = Public-Private partnerships
2 CO2reduction : A25% @2020 (from 1990 levels)
: AB80% @2050 ( ditto )

Associations’ Trend
1 HySUT (The Research Association of Hydrogen
Supply/Utilization Technology) est. in July 2009
-H2 Highway PJ (under market demonstration)
*H2 Town PJ (under market demonstration)
2 FCCJ (Fuel Cell Commercialization Promotion
Council)
-Commercialization Scenario for FCEV & H2 ST
(announced in March 2010) :
1000 H2 STs & 2 million FCEVs at 2025

Private Firms’ Trend : Very Active
*KHI:Liquefied H2 based global supply chains
-Chiyoda: MCH based global supply chains

(D What concrete contributions with CO2-free H2?
@ What possible chains?
@ What large demands other than FCEVs?

IAE H2 Group’s Awareness of the Issues:

H2 suppliers are very active and their technologies seem to have been considerably progressed, but end-
users’ H2 demands other than FCEVSs are not clear, and

Now is the time to discuss and foster common understanding of the above issues

- =
IAE organized the Concept Study Group and held #1 meeting in the morning of March 11, 2011.

IZE The Institute of Applied Energy
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<Organization of the Concept Study Group>

Chairperson Basic Energy Plan is still being reviewed in
. . the Basic Issues Committee
(DI’. Ken]' Yama]' of the Japanese Government
-General Policy Planning Division of METI with RITE*) I e WENE O 5 11 S

-Coal Division of METI
-New Energy Policy Division of METI A key member of “Basic Issues J

*New Energy Tech. Dept. of NEDO Committee on Energy and Natural
(New Energy and Industrial Resources Committee *
Technology Development Organization)

(*RITE:Research Institute

METI (3)NEDO (1) IAE (7 of Innovative Technology
(Observers) (Secretzglri)ats) for the Earth)

Associations (4) Industries (9) Academia (3)

+Chiyoda Corporation \

-Kawasaki Heavy Industries
*Mitsubishi Heavy industries

-Nippon Steel Corporation

*Nippon Steel Engineering

-JX Nippon Oil & Energy Corporation

*Osaka Gas Co i .
Tokyo Gas Co (Total participants excl. IAE :

wwatani Corporation J 21 at the 4th Meeting)

IAE ThE Institute Of Apphed Energy Copyright; 2012 IAE. All rights reserved. Open session of IEA HIA TASK28 in Tokyo, Japan

*Yokohama National University
= Tokyo Institute of Technology
-Kyushu University

-Advanced Industrial Science and
Technology (AIST)

-Central Research Institute of
Electric Power Industry (CRIEPI)
-Hydrogen Energy Systems Society
of Japan (HESS)

-Japan Petroleum Energy Center
(JPEC)

< Simulation Results of Zero-emission Electric Power Ratio>
{Comparison between domestic CCS Yes and No)

/Results based on Input conditions: \
IAE’'s GRAPE Model *Nuclear Power Plants : Phasing out in 40 years

: no new installatons & no expansions

© GRAPE stands for Global | *CO2 reduction = A15% @2020 (from 1990 Ievels)
! Relationship Assessment A80% @2050 ( ditto )
! to Protect the Environment I *H2 cost = 50 yen/Nm3 = US$ 7 /kg-H2 @CIF (yen 80/US$)

(Note:US$ 4 & less /kg-H2 @CIF is said to be possible by makers)

(Japanese Government's (Calc. results) (unit: %)
Current targets) < Domestic CCS : Yes> <Domestic CCS : No>
@2030 @2030 @2035 @2040 @2030 @2035 @2040
(- 12.3 0 0 0
Renewables (ca.20) 32.9 40.8 45.3 28.2 36.2 40.6
Nuclear (ca.50) 194 13.2 7.0 19.4 13.2 7.0

(- 1.6 2.7 8.4 2.8 10.3
Zero—emissions (ca.70) 66.2 79.5 87.9 50.4 59.7 70.3

For Japan, potential options are either execution of domestic CCS or
import of CO2- free H2 in order to keep both the CO2 reduction targets
and zero-emission electric power ratio under these input conditions.

IAE The INStitUte Of Apphed Energy Copyright; 2012 IAE. All rights reserved. Open session of IEA HIA TASK28 in Tokyo, Japan




< List of CO2-free H2 Chains (part)>

(A:Conventional)
(B:Non-conventional)

<Upstreams> — «

—<Downstreams >

Overseas Ocean Domestic
Pass transport End Users
Resources Process ation Process
Refining* CCS*H2 (DH2 Stations
IA & BPetroleum Petroluem iy LPG-Naptha, via Heavy of)| /FCVs
2 Goal Gasification* CCS*H2 @Household Fuel Cells
1 Codl CGS+H2-Lig. Lig. H2  [Vaporization
10 GCS+H2+*MCH MCH Dehydrogenation (JBusiness Fuel Cells
13 CGS* NH3 NH3 Decomposition
JA&B GCS*LNG LNG Vaporization* CCS*H2 (@)Gas Turbine CHPs
8A&B GGS+H2:MCH Lig. H2  |Vaporization
& B (5)Gas Engine CHPs
14A & B GCS* NH3 NH3 Decomposition
22 |RE(Power GeneratiorPower gen.*Electrolysis:Lig. Lig. H2  [Vaporization ©H2 Power Gen. Plants
23 | (Wind* Photo- |Power gen.*Electrolysis*MCH MCH  |Dehydrogenation (Air combustion)
voltaic* Hydraulic* etc)
25 Photovoltaic Visible light Photocatalitic H2+Lia. |Lig. H2  |Vaporization (DH2 Power Gen. Plants
26 (Direct Ullization) Visible light Photocatalitic H2*MCH|MCH Dehydrogenation (02 combustion)
27 Visible light Photocatalitic H2*NH3 [NH3 Decomposition

|AE The Institute of Applied Energy

Note) Toluene + H2 ¢ Methylcyclohexane(MCH)
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<Expected Technology Progress of CO2-free H2 Chains>

Technology Maturity
of CO2-free H2 Chain

Fossile derived
CO2-free H2

Renewables derived
CO2-free H2

Commercial _ ( N - x
~ization Government's Sopport | <'|\ A
reauired for the time .. Liqufied  Wind Power Visible Light Photocatalytic
| H2 Challn H2 Chairl1 ..« Water Decomposition
Practical- _ e . A H2 Chain
ization : '
Demonst- e
ration”| O :
Develop. _| e
Research g
Respective stance for CO2-free H2 chain realization :
Basic_| @ IAE : To form the foundation in the neutral position
Research Members : To organize the onsortium for national
project outside the Study Group
Government : To Understand the financial support
Idea T ! ! ! T
2010 Present 2015 2020 2025 2030 2035 2040
(Year);

|AE The Institute of Applied Energy
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< Proposals for New Basic Energy Plan>

(in the wake of 3.11 Disaster)

= received as a person’s proposals

{Proposal 1 :
Wordings would like to be added to the current ones)

@ CO2-free H2 global networks to be formed

@ CO2-free H2 global networks derived from fossil fuels with
CCS to be formed firstly, and smoothly be shifted to ones
derived from renewable energy.

Current Basic Energy Plan
Current wordings are focused on domestic supply networks in the article of
4. 2 Realization of H2 Society
(1) Vision goals = Now: Fossil H2, By-product H2
Future : Fossil with CCS H2
Ultimately : Non-fossil H2

11
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{Proposal 2 : H2 would like to be added in the Primary Energy Constitution )

Current Basic Energy Plan (primary energy)

(Results in 2007)
(approx. 600 million KL)

Renew. P
Energy
Nuclear

H2 can be
considered as a

(presumptions in 2030) Pseudo-primary

(approx. 500 million KL)

Energy
Coal| 23%
L ————
Natural
Gas 19% 17% Coal
Natural
16% Gas Import H2 is a new
concept like LNG

oil+ at its import
LpG| 42% . Oil+ beginning

30% LPG

12
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<Summary & Issues of the Concept Study Group >

(Summary
@ CO2-free H2 is an potential option
contributing to solving energy and environmental issues

@ Versatility is very important,
so, multiple CO2-free H2 chains need to be realized.

@ CO2-free H2 chains can be realized
under the collaboration of Industry , Academia and Government.

( Issues)
@ Survey on end-users’ H2 demand
@ Simulation of H2 demand (case studies)
® Drawing visual vision and scenarios for H2 energy society realization
@ Road mapping and action planning
(® Many-sided evaluations of CO2-free H2 chains
(cost/supply stability, competitiveness, innovation, etc.)

13
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4 Action Plan Study Group
<Schedule>
Schedule of the AP Study Group
Targets
#1 #2 #3
(2012.6.28) (2012.11.1 fixed) | (2013.2 planned)
@ | Survey on end-users’ H2 Method discussion Status reporting Completion
demands (questionnaire)
@ | Simulation of H2 demands Case studies: Case Studies Completion
(case studies) [Domestic CCS: Yes.”No] x
[CO2 restriction: mild.~severe]
@ | Visual Vision Method discussion Ideas & Drafting
for H2 Society discussion
Scenarios Method discussion Ideas & Drafting
discussion
@ | Road Mapping Method Drafting
discussion
Action Planning Method Drafting
discussion
® | Many-sided Evaluations Method Drafting
discussion
14
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< Results of simulation case studies on H2 demands >
(@ #1 AP Study Group meeting)

H2 Demand @2050 (unit: billion Nm31/y)

H2 cost = 50 Yen/Nm3 @CIF Domestic CCS
= US$ 7/kg @CIF (80 yen/US$) Yes No
Power Generation 0
Q | mild Stationary g | No calc.
N | (*RCPA4.5) Transportation 0
ﬁ Total 8
% Power Generation 0 170
§' Severe Stationary 93 90
(Gov. current | Transportation 67 80
commitment) | Total 160 340

*RCP4.5(Representative Concentration Pathway 4.5) is a scenario that stabilizes radiative
forcing at 4.5 Watts per meter squared in the year 2100 without ever exceeding that value.

15
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" GHIYODA cospousron .
5 Hydrogen Energy Supply Chain
Target schedule (earliest)
+ 2013 : Tech. demo. completion
+ 2015 : Commercial operation
Thermal Power Plant
[Abroad] > [Sea] S {Japan] (heII;nt;:aneo/VI:ezrfu:l)
r 3
Chiyoda H, storage & Transporatation
System by Organic Chemical Hydride method
-
A o
Hydrogenation | x\.7c " L : P
[Abroad] ly I’;Ig:nnta ion N{: Storage | ——gfjI Dehydrogenation q@D Eﬁ‘
v N Tank \ Plant 3
[H, Plant] M
I Toluene Toluene
v
G &
co2 H, 4_|?|
GO, Sep. [H, Plant] Electrolysis :l
P coz J& ©O, Sep. t < Nuclear Energy
EOR Reforming * f - -
Reforming Eggfll Gasification Wind Energy Hydraulic Energy
w PV Energy | Renewable Ener
i
N
field [ Coal
16
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6 KHI's CO2-free Hydrogen Energy Supply Chain

Australia

Low-cost hydrogen production

from unused resources (brown coal)

Brown coal

Gasification

Target schedule
» 2017 : Pilot chain operation
« 2025 : Commercial chain operation

p——

Liquefied

s
Liquefied

hydrogen
trucks

% hydrogen hydrogen carriers B

*. storage St

%, Liquefied

High-efficiency CCS %, hydrogen
[ Carbon dioxide ] Elec‘t'KJIysis tanks -

Capture and Storage

Renewable
energy

Hydrogen Production

|AE The Institute of Applied Energy

Hydrogen Transport
and Storage

Japan

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

Power plants

Energy equipment

Hydrogen gas engines,
* gas turbines, boilers,
fuel cells, etc.

Transportation equipment

Hydrogen station,
cars, etc.

Hydrogen Use

17
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(For reference)

Electric Power Constitutions in 2030
shown by the Japanese Government

(not yet committed)

Nuclear Renewable Fossil Fuel | Combined Eneray savings Energy-related CO2 emissions
Power Ener Power Heat & (Electrii!i/t savi o) (Electric power—related CO2 emissions)
Generation & | Generation | Power Y Saving [from 1990 levels])
. A16%
Option(1) 0% ca35% | ¢cab50% | ca.15% (+5%)
Option(2) | cal5% | ca30% | cad0% | ca15% |  LFrom FY 2010 levels] A20%
Energy savings:ca.20% (A8%)
(Electricity savings: Aca.10%)
, ca.20%~ |ca.25%~ — ca.Ttrillion yen A23%
Option(3) a25% | ca30% ca.35% | ca.15% (A15%)
Reference 0 hoEQ 0 0 A28%
Seenario ca35% | #925% | ca25% | ca15% (A33%)
Gurrent Plan o
(decided in 45% 20% 27% 8% - (:2;0//2)
FY 2010)
Results in 0 0 0 ) _ +6%
FY 2010 26% | 11% | 60% S (+25%)

|AE The Institute of Applied Energy
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Thank you very much
for your attention!

The Institute of Applied Energy (IAE)
Action Plan Study Group
Secretariat, Masaharu Sasakura

IAE
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