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1.3.

FC

MCFC

FuelCell Energy, Inc.

250kW ()
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300kw MCFC
MGT

Ansaldo Fuel Cells Spa.

0.5-5MW
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HAPAN

® 1990
o
® 2002 12
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IAPAN
kTOE

2,280,791 | 531,169 921,411 | 519,169 | 205,310 95252 | 23960 | 71,292 | 60,300 972 0] 1427] 8593 0 7,928 552
100% 23.3% 40.4% 22.8% 9.0% 4.2% 1.1% 31%| 264%| 004%| 0.00%| 0.06% | 0.38% | 0.00% 0.3% | 0.02%
260,641 | 30,040 91,694 | 79172 19517 40,789 | 29,030 | 11,759 | 11,684 70 2 0 0 3 4 -576
100% 11.5% 35.2% 30.4% 7.5% 15.6% 11.1% 45% | 448%| 0.03%| 0.00%| 0.00%| 0.00% | 0.00% 0.0% | -0.22%
25414321 561,209 | 1,013,105 | 598,341 | 224,827 136,041 | 52,990 | 83,051 | 71984 | 1,042 21 1427] 8593 3 7932 -24
100% 22.1% 39.9% 23.5% 8.8% 5.4% 2.1% 33%| 283%| 004%| 0.00%| 0.06% | 0.34% | 0.00% 0.3% | 0.00%

[EA
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IAPAN
kTOE
347,118 | 85127 | 126513 | 79,186 | 43016| 11,237 | 1657| 9580 | 7576 1622 29| 212 141 0| 2082 -42
100% ) 245%| 364w | 228w| 1244 3.2% 0.5% 286 | 218% | 047%| 001%]| 006%| 004%| 000% 0.6% | -001%
271287 | 14352 | 91036 | 39371 | 114946 | 16,189 | 5088 11,101 | 10877 29 1 19 129 46| 1070 | -5676
100% 536 | 336w| 145%| 424% 6.0% 1.9% 41% ) 401%] 001%| 000%| 001%| 005%| 0.02% 0.4% | -2.09%
231954 | 38229 | 81412 85868 23112| 2,922 278 | 2,644 | 2512 111 0 20 1 0 226 | 186
100%) 165% | 351%| 37.0h| 10.0% 1.3% 0.1% 10% | 108%]| 005%]| 000%]| 001%| 0.00%| 0.00% 01% | 008w
181026 | 14875| 87407 | 63335 0| 10122 2906| 7,216 2269| 125 2 11| 4809 0 829 | 4383
100% 82w | 483w| 3504 0.0% 5.6% 1.6% 40%) 125%] 007%| 000%| 001%| 2.66%| 0.00% 05% | 242%
136102 | 20,110 | 69,042 | 21347| 16125| 9,232 3531| 5,701| 4606 | 1,038 4 45 8 0 139|109
100%) 148%| 507%| 157w | 118% 6.8% 2.6% 42%)| 338%| 076%| 000%| 003%| 001%| 0.00% 01% | 008%
80829 | 8746 | 31527 | 35988| 1047| 1,365 6| 1359 1206 114 3 16 0 0 675 | 1461
100%) 108%| 39.0%| 445% 1.3% 1.7% 0.0% 17% | 152%] 014%]| 000%| 002%| 0.00%| 0.00% 08h| 181%
59157 | 5911 | 24757 | 14398 12,347 771 21 750 [ 739 8 0 2 1 0 422 551
100%) 100w | 418%| 243%| 209% 1.3% 0.0% 13%| 125%] 001%| 000%| 000%| 0.00%| 0.00% 0.7% | 093%
51532 2685| 15548 888 | 17569 | 13085| 4576| 8509 | 8450 54 0 5 0 0 340 | 1417
100% 526 [ 302% 17w|  341%|  25.4% 8.9% | 16.5% [ 16.40% | 0.10%| 000%| 001%]| 0.00%| 0.00% 0.7% | 275%
37554 8231 10741 4083| 5924 7833 825| 7,008 | 7,000 8 0 0 0 0 24| 417
1006 ) 21.9%| 286w| 109%| 1584 | 20.9% 220 | 18.7% [ 1864% | 002%| 000%| 0.00%| 0.00%| 0.00% 09| 111%
33183 3966 | 14247 7,552 0| 6585| 3126| 3459| 3316 3l 1 79 32 0 350 | 483
1006 ) 1200 | 420%| 228% 00%| 19.8% 94| 104% [ 099w | 009w | 0.00%| 0.24%] 0.10%]| 0.00% 1% | 146%
20887 8905| 17195| 2,026 0| 1549 410 | 1139 945 88 ol 105 1 0 34| 180
100%) 29.8% | 57.5% 6.8% 0.0% 5.2% 1.4% 38%| 316%| 029%| 000%| 035%| 0.00%| 0.00% 01% | 060%
25778 | 3281 15282 2,636 0| 4241 1352 2889 2748 43 0 20 78 0 98| 240
100%) 127%| 593%| 10.2% 00%| 16.5% 52%| 11.2% [ 1066%| 017%| 000%| 0.08%| 0.30% | 0.00% 04% | 093%
20,755 | 5666 | 8374 4,659 0| 2513 2| 2511 2020 478 0 9 4 0 194 -731
100%)  27.3%| 403w | 2244 00%| 12.1% 00%| 121% | o73%| 230%| 000%| 0.04%]| 0.02%) 0.00% 0.9% | -352%
15092 2590| 8490| 3652 0 260 51 209 170 39 0 0 0 0 o[ 100
1006 ) 17.2% | 563w | 24.2% 0.0% 1.7% 0.3% 1.4% | 113%| 026%| 0.00%| 0.00%]| 0.00%]| 0.00% 0.0% | 066%
4262 78| 2742| 1,064 0 44 7 37 35 2 0 0 0 0 16| 319
100% 18| 643w 2504 0.0% 1.0% 0.2% 09%| 0826 005%| 000%| 000%| 000%| 0.00% 04% | 7.48%
EU 15 1525518 | 222,751 | 604,313 | 366,052 | 234,085 | 87,947 | 23835 | 64,112 | 54488 | 3,791 39| 544 5204 46| 6798 3400
1006 ) 146%| 396w| 240m| 153% 5.8% 1.6% 42%) 357%] 025%| 000%| 004%| 034%| 0.00% 04% | 0.22%
IEA
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HAPAN
kTOE
93,666 | 57,624 | 20244 | 11,257 0 4,885 144 4,741 4,723 11 0 0 7 0 529 -874
100% 61.5% 21.6% 12.0% 0.0% 5.2% 0.2% 51% | 504%] 0.01% | 0.00%]| 0.00%]| 0.01%] 0.00% 0.6% | -0.93%
44117 20870 8,771 7,840 6,742 1,169 119 1,050 | 1,050 0 0 0 0 0 119 | -1394
100% 47.3% 19.9% 17.8% 15.3% 2.6% 0.3% 24% | 2.38%| 0.00%| 0.00%]| 0.00%] 0.00%| 0.00% 0.3% | -3.16%
26,341 3,748 6,304 | 11,883 2,886 903 15 888 800 0 0 2 86 0 22 597
100% 14.2% 23.9% 45.1% 11.0% 3.4% 0.1% 3.4% ] 304%] 0.00%| 0.00%| 001%] 0.33%] 0.00% 01% ] 2.27%
18,521 4,563 3,128 5,667 4,704 621 299 322 314 0 0 0 8 0 29 -194
100% 24.6% 16.9% 30.6% 25.4% 3.4% 1.6% 1.7% ) 1.70%| 0.00%| 0.00%]| 0.00%] 0.04%| 0.00% 0.2% | -1.05%
8,930 187 2,188 2,383 4,087 708 28 680 677 0 0 0 3 0 0 -648
100% 2.1% 24.5% 26.7% 45.8% 7.9% 0.3% 76%| 758%] 0.00%] 0.00%| 0.00%]| 0.03%] 0.00% 0.0% | -7.26%
7,021 1514 2,490 906 1,357 731 271 460 460 0 0 0 0 0 8 14
100% 21.6% 35.5% 12.9% 19.3% 10.4% 3.9% 6.6% | 655%] 0.00%] 0.00%]| 0.00%] 0.00%] 0.00% 0.1% ] 0.20%
4915 3,146 732 680 0 521 1 520 519 1 0 0 0 0 0 -163
100% 64.0% 14.9% 13.8% 0.0% 10.6% 0.0% 10.6% | 1056% | 0.02% | 0.00%] 0.00% | 0.00%] 0.00% 0.0% | -3.32%
4,375 66 1,270 1,347 0 1,465 195 1270 | 1,266 4 0 0 0 0 0 226
100% 1.5% 29.0% 30.8% 0.0% 33.5% 4.5% 29.0% | 28.94% ] 0.09% | 0.00% | 0.00%] 0.00%| 0.00% 0.0%] 5.17%
2,677 35 2,598 0 0 45 0 45 9 0 0 36 0 0 0 0
100% 1.3% 97.0% 0.0% 0.0% 1.7% 0.0% 1.7% | 034%| 000%| 0.00%]| 1.34%] 0.00%| 0.00% 0.0% ] 0.00%
892 0 892 0 0 0 0 0 0 0 0 0 0 0 0 0
100% 0.0% ] 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% ] 0.00%] 0.00%f 0.00%]| 0.00%] 0.00%] 0.00% 0.0% ] 0.00%
EU 10 211455 91,753 | 48617 | 41,963| 19,776 | 11,048 1,072 9,976 | 9818 16 0 38 104 0 707 | -2,436
100% 43.4% 23.0% 19.8% 9.4% 5.2% 0.5% 47% | 464%| 001%| 0.00%] 0.02%| 0.05% | 0.00% 0.3% | -1.15%
EU 25 1,736,974 | 314,503 | 652,930 | 408,015 | 253,861 | 98,993 | 24907 | 74,086 | 64,304 | 3,807 39 582 | 5,308 46 7,506 964
100% 18.1% 37.6% 23.5% 14.6% 5.7% 1.4% 43% | 370%| 022%| 0.00%| 0.03%]| 0.31%| 0.00% 0.4% 1 0.06%
23,347 789 4877 6,370 0| 10,5513 9,073 1440 | 1421 19 0 0 0 0 108 683
100% 3.4% 20.9% 27.3% 0.0% 45.0% 38.9% 6.2% | 6.09%] 0.08%] 0.00%]| 0.00%] 0.00%] 0.00% 0.5% | 2.93%
27,075 140 | 12578 2,627 7,185 4,131 2,994 1,137 994 0 1 23 119 0 682 -268
EU 100% 0.5% 46.5% 9.7% 26.5% 15.3% 11.1% 42% ] 367%] 0.00%| 0.00%]| 008%]| 0.44%] 0.00% 2.5% ] -0.99%
3,386 91 839 0 0 2,457 610 1,847 1 0 0 0] 1846 0 1 0
100% 2.7% 24.8% 0.0% 0.0% 72.6% 18.0% 545% | 0.03%] 000%]| 0.00%| 0.00%| 54.52% | 0.00% 0.0% ] 0.00%
78,954 21370 | 29774 17,716 0| 10,035 3,038 6,997 | 5782 5 0 350 860 0 10 49
100% 27.1% 37.7% 22.4% 0.0% 12.7% 3.8% 89% ] 7.32%| 001%] 000%] 044%] 1.09%] 0.00% 0.0% ] 0.06%
[EA
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2.3.

TOE
2,280,791 3.1% 29.1% 86.5% 13.5%
260,641 4.5% -49.2% 77.1% 22.9%
EU-25 1,736,974 4.3% 50.7% 79.2% 20.8%
EU-15 1,525,518 4.2% 53.1% 78.2% 21.8%
347,118 2.8% 61.6% 83.8% 16.2%
271,287 4.1% 52.8% 53.4% 46.6%
231,954 1.1% -6.4% 88.6% 11.4%
181,026 4.0% 82.5% 91.5% 8.5%
136,102 4.2% 80.5% 81.2% 18.8%
80,829 1.7% 42.3% 94.3% 5.7%
20,755 12.1% -30.5% 90.1% 9.9%
51,532 16.5% 41.9% 37.1% 62.9%
37,554 18.7% 99.4% 61.4% 38.6%
23,347 6.2% -894.9% 51.6% 48.4%
27,075 4.2% 56.2% 56.7% 43.3%
3,386 54.5% 27.9% 27.4% 72.6%
517,103 1.9% 84.5% 84.2% 15.8%

[EA

2003

IAPAN
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1

National Energy Policy

2001 5

® 2001 1
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2

Energy Policy Act 2005
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DOE FreedomCAR o

Fue]Prmesbi

USCAR U.S. Council for

FreedomCAR and Automotive Research

Hydrogen Fuel Initiative

Fuel
Hydrogen
Fuel Cells and Cell F'ﬂdd ﬁmhli:[:lrﬁ ek
Infrastructure Vehicles ool o ot ol
and Technologies Vehicles

Technologies

Program Hz ICEs Program

H & Office of Energy Efficiency and Renewable Energy
z Office of Fossil Energy

Office of Science
DOE Hydrogen ram
SNEgm oy Office of Nuclear Energy, Science and Technology

e e

( ) U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy
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IAPAN
m 1999 14
1. Phase 1 (1999)
2. Phase 2 (2000-2001) FCV 18 FC 1 2
Phase 3 (2002-2003) FCV 56 FC 20
3. Phase 4 (2004-2007) FCV FC 300
4,
S
. e Ford Moters e BP o Ballard Power : Baeramenta
California Air Resources Board e General Motors e Shell Hydrogen Systems
. o DaimlerChrysler o ExxonMobil e UTC Fuel D
California Energy Commission ¢ Volkswagen e ChevronTexaco Cells San Francisco
e SCAQMD (South Coast Air Quality ]
Management District) . o
. U.S. Department of Energy . Hyundai LpsAnEereg‘J Pu‘.l-r’n Springs
(U.S. Department of Transportation) San Diego J
) (U.S. Environmental Protection Agency)
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Sustainable Development Strateqgy
1997

Natural Resources Canada
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o 2008 2012 1990 6%

Natural Resources Canada
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EU

EU

2001 9

® 2010

12

® 2010

22.1

EU-15

21.0%

EU-25

EU25
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. HAPAN

European Hydrogen & Fuel Cell Technology Platform

® 2002 10 High Level Group
HLG 2003 6
The hydrogen economy - a bridge to sustainable energy
2050
® HLG 2004
®
O Kellen Europe
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3.3. EU

1998 2002

IAPAN

HYSTRUC Low-cost, high-capacity Pressure Module Electrolyser for the Energy Hydrogen Market
FUCHSIA Solid-state Hydrogen Storage for Light Vehicles

HYSTORY Hydrogen Storage in Hydrides for Safe Hydrogen Systems

HYMOSSES Advanced Hydrogen Storage Material

SYSAF Systems for Alternative Fuels

BIO-H2 Producing Clean Hydrogen from Bioethanol

BIOHPR Decentralised CHP with the Biomass Heatpipe Reformer

CLEAN ENERGY
FROM BIOMASS

Progress in Coupling Biomass Gasification and MCFC Stack

RES2H2

Cluster Pilot Project for the Integration of RES into European Energy Sectors using Hydrogen

AER-GAS

New Approach for Biomass Gasification to Hydrogen

WINEGAS

Hydrogen-Rich Fuel gas from Supercritical Water Gasification of Wine Grape Residues and Greenhouse Rest
Biomass

BIO-ELECTRICITY

Efficient and Clean Production of Electricity from Biomass via Pyrolysis oil and Hydrogen, utilizing Fuel Cells

RENEWABLE.H2

Integration of Renewable Hydrogen into the Hydrogen Economy

SUPERHYDROGEN:Biomass and waste conversion in supercritical water for the production of renewable hydrogen
EURO-HYPORT Feasibility study for export of hydrogen from Iceland to the European continent
ECTOS Ecological City Transport System

USHER Urban Solar-Hydrogen Economy Realisation

FHIRST Fuel Cells and Hydrogen Improved R&D Strategy for Europe

EIHP2 European Integrated Hydrogen Project . Phase Il

HyNet The European Hydrogen Network

HYSOCIETY The European Hydrogen (based) Society

NFCCPP Numerical Fuel Cell Component Performance Prediction Tool

CERMOX Advanced Ultra-Thin Ceramic Membranes for Efficient Industrial Processes
SETRIS Sustainable Energy Technologies Reference and Information System
ACCEPTH2 Public Acceptance of Hydrogen Transport Technologies

31
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EU 2

1998 2002

MF-SOFC Scale-up of the IP-SOFC to multi-tens of kW Level
PROCON Decentralized Power Generation Plants based on Planar SOFC Technology; Proof of Concept
IM-SOFC-GT Intearated Modelling Study of FC/GT Hybrids

SOFC CORE-SOFC Component Reliability in Solid Oxide Fuel Cell Systems for Commercial Operation
CEXICELL SOFC Stacks by using Advanced Spray Techniques
NG-SOFC-COGEN :Natural gas SOFCs for Co-generation of Electricity and Chemicals
1IMWSOFC Demonstration of a MWel Class Power System combined with Micro-Turbine Generators
EFFECTIVE Biogas-MCFC Systems as a Challenge for Sustainable Eneray Supply

MCEC IRMATECH Inteqrated_ Researches on Mater_ials, Tech_noloqies and Processes to Enhance MCFC in a Sustainable
TWINPACK MCFC Twinstack® Powered — First of a Kind
MOCAMI MCEC/MTG Hybrid Power Plant Toward Low-cost Production
HELPS Hvdrogen-based Electrical eneray system for Local Power Storage
FUEL-SAVE Hybrid Fuel Cell/Heat Pump System

PEMFC 50PEM-HEAP 50 kW PEM Fuel Cell Generator for CHP and UPS applications
VIRTUAL FC Europe’s first Virtual Fuel Cell Power Plant
FEBUSS Fuel cell Energy systems standardised for large transport, BUSses and Stationary applications
FRESCO European Development of a Fuel-Cell Reduced-Emission Scooter

PEMFC CUTE The Largest Fuel Cell Bus Fleet Trial Worldwide
CityCell Fuel Cell Enerqgy in Cities
PEM-ED Proton exchange membranes for applications in medium-temperature electrochemical devices

PEMFC AMFC High-temperature PEMFC Stack with Methanol Reforming

APOLLON Development of Low-Cost, High-Efficiency PEM Fuel Cells
OPTIMERECELL _ :iHigh-temperature PEMFCs for Industrial Use
FIRST Fuel cell Innovative Remote System for Telecommunications

PEMEC H2-MINIPAC Hydrogen-fed miniature fuel cell for portable applications

DMEC DREaMCAR Direct Methanol Fuel Cell System for Car Applications
PORTAPOWER A 1 KW DMFEC Portable Power Generator
PROFUEL On-board Gasoline Reforming for Fuel Cell Vehicles
PMFP Plasma Reforming of Fuels and Hydroaen Purification
BIOFEAT Biodiesel Processor for an On-Board Fuel Cell Auxiliary Power Unit
MiRTH-e Fuel Processor Miniaturisation for Portable Power
MINIREF Miniaturised Gasoline Fuel Processor for Fuel Cell Vehicle Applications
DIRECT Diesel-fed SOFC Auxiliary Power Unit
FUERO Fuel Cell Systems and Components General Research for Vehicle applications
SOFCnet Thematic Network on SOFC Technology
FCTESTNET Fuel Cell Testing and Standardisation Network
FUEVA European Fuel Cell Vehicles Technologies Validation
FCSHIP Marine Applications of Fuel Cells
ELEDRIVE Thematic Network on Fuel Cell Vehicles
FCTEST Fuel Cells Performance Testing and Standardisation

32
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3 3.3. EU

EU

HAPAN

2002 2006
CHRISGAS Clean Hydrogen-rich Synthesis Gas
SOLAR-H Linking molecular genetics and bio-mimetic chemistry to achieve renewable hydrogen production
SOLREF Solar Steam Reforming of Methane Rich Gas for Synthesis Gas Production
HYTECH HYdrogen THErmochemical Cycles
Hi2H2 Highly Efficient, High Temperature, Hydrogen Production by Water Electrolysis
StorHy Hydrogen storage systems for automotive application
HySafe Safety of hydrogen as an energy carrier
HarmonHy Harmonisation of standards and regulations for a sustainable hydrogen and fuel cell
HyWays European Hydrogen Energy Roadmap
HyCell-TPS Development and implementation of the European hydrogen and fuel cell technology platform secretariat
NATURALHY Preparing for the hydrogen economy by using the existing natural gas system as a catalyst
INNOHYP-CA Innovative high temperature routes for Hydrogen Production — Coordinated Action
HY-CO Co-ordination action to establish a hydrogen and fuel cell ERA-Net, hydrogen co-ordination
WETO-H2 World Energy Technology Outlook-2050

CASCADE MINTS

Case Study Comparisons and Development of Energy Models for Integrated Technology Systems

Lombardia and Rhein-Main towards Zero Emission: Development and Demonstration of Infrastructure Systems

ZERO REGIO for Hydrogen as an Alternative Motor Fuel

HyICE Optimisation of the hydrogen internal combustion engine

PREMIA R&D, demonstration and incentive programmes’ effectiveness to facilitate and secure market introduction of
alternative motor fuels

Real-SOFC Realising reliable, durable, energy-efficient and cost-effective SOFC systems

Biocellus Biomass Fuel Cell Utility System

SOFCSPRAY Development of low temperature and cost effective solid oxide Fuel Cells

GREEN-FUEL- SOFC fuel cell fuelled by biomass gasification gas

HyTRAN Hydrogen and Fuel Cell Technologies for Road Transport

FURIM Further improvement and system integration of high temperature polymer electrolyte membrane fuel cells

PEEC PEMTOOL Dev_elopment of novel, efficient and validated software-based tools for PEM fuel cell component and stack

designers

INTELLICON Intelligent DC/DC converter for fuel cell road vehicles

DEMAG Domestic EMergency Advanced Generator

ENFUGEN Enlarging fuel cells and hydrogen research co-operation

MOREPOWER Compact Direct (m)ethanol fuel cell for portable application

FEMAG Flexible Environmental Multipurpose Advanced Generator
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Icelandic New Energy

Icelandic New Energy Ltd.

lcel., Hew Business Yenture Fund
Reykjavik Energy
The Hational Power Company

Malority shareholder; 21%
Icelandic Holding Compamy
VistOrka hf (EcoEneray)

Aflvaki h
Government of lceland
s ler 16,33%

Morsk Hydro 16,33

Icelandic New Energy
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4.1.

IEA

IEA

F

IEA GOVERNING BOARD

" CERT - Committee on Energy Research and Technology
1 1 1 1 1
- Hydrogen Fusion Power
End Use Renewable Fossil Fuel Co- zr dir?ali on | co-ordination
1 Working Party || Working Party || Working Part 1 i
grary grary grarly Group Committee
IMPLEMENTING IMPLEMENTING Ij'ulPLEMEﬂTlHE’im i IMPLEMENTING
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International Partnership for the Hydrogen Economy
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