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CANADA

VITAL STATISTICS

Population
34.1 Million

Territory

9.984.670 KM2

Capital
Ottawa

GDP/capita
40,457 (CAD 2011) 

Average Annual GDP 
Growth 
2.4% (2011)

Primary Energy Structure

Production
Total production
15,326 PJ
See energy production break-down to the 
immediate left.

CANADA

CanmetENERGY

Natural Resources Canada

INTRODUCTION AND BACKGROUND
Canada has been a long time supporter of hydrogen and fuel cell technologies and 
is home to some of the world leaders in the industry. Research, development and 
demonstration activities are supported by both government and industry.  Th e 
government of Canada has invested over $300 million since the mid-1980s and over 
$982M in the industry since 2001.

Canada is well positioned to be a leader in hydrogen production technology as we are the 
largest per capita producer of hydrogen in the OECD, producing approximately 3 million 
tons annually.  Canada has supported the development of a variety of technologies to 
produce hydrogen, primarily from renewable sources and purifi cation of waste hydrogen.   
Th e main focus of the research has been on lowering the cost of hydrogen by 50%, in 
order to be competitive with gasoline. 

Canadian technology is used in more than 60% of all hydrogen and fuel cell demonstrations 
worldwide and Canada exports more than 90% of its hydrogen and fuel cell technology.

TYPE PJ % OF TOTAL PRODUCTION

Fossil Fuels 13180 86% 

Sub-Type PJ % of sub-total

Coal 1379     10%

Natural Gas (dry) 5977 45%

Crude Oil 5211 40%

NGPL 613 5%

Renewables 16.109 10.636% 

Sub-Type PJ % of sub-total

Hydro 1226 8%

Biomass 613 4%

Nuclear 306 2%

Break-down of Total Canadian Energy Production

UPDATE ON MEMBER’S ENERGY FRAMEWORK 

UPDATE ON RELEVANT POLICIES

Hydrogen and fuel cell technologies represent a unique opportunity for Canada to reduce 
the environmental footprint from many sectors, such as transportation, which accounts 
for approximately 30% of total energy use and 28% of all greenhouse gas emissions in 
Canada. 
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UPDATE OVERVIEW ON RELEVANT PROGRAMS AND PROJECTS

Highlights of Progress

Hydrogen Production

Canada is working to increase the viability of hydrogen production and purifi cation 
technologies through R, D&D that reduces costs and improves safety, durability, and 
effi  ciency. 

Activities include: 
• Developing cost eff ective technologies to collect and purify hydrogen which would 

normally be vented as waste from industrial processes:
• Advanced pressure swing adsorption
• New ceramic materials
• Improved economics, durability, and effi  ciency of water electrolysis process: 
• Lower cost catalyst materials
• Increased operating pressure
• Increased durability beyond 24,000 hours 
• Integrate renewable energy (wind, solar) with electrolysis, for on site (distributed) 

hydrogen production
• Distribution infrastructure improvements

Hydrogen Storage
Activities to design, develop, and demonstrate aff ordable, durable, and lightweight 
hydrogen storage systems for transportation are being undertaken. Th e vehicle 
applications will allow suffi  cient vehicle range, at a reasonable cost and effi  ciency, to 
be competitive with current gasoline internal combustion engine vehicles and other 
advanced vehicle technologies. 

Activities include: 
• Improved economics and effi  ciencies of gaseous hydrogen storage systems 
• Low-cost high volume manufacturing methods
• Technologies which can capture some of the energy lost to compression
• Comprehensive hydrogen storage system models based on real world data
• Improved economics, capacity, durability, and operating parameters of hydrogen storage 

systems based on solid state materials

Utilization (Fuel Cells)
Work is being conducted to increase the viability of fuel cells in transportation, through 
R, D&D that reduces costs and improves safety, durability, and effi  ciency of PEMFCs.

Activities include:
• Improve economics, performance, and durability of PEM Fuel cells 
• Reduced platinum loading
• Improved catalyst activity
• Improved water transportation in membrane electrode assembly (MEA)
• Better mass-transport in the charge transport layer
• Increased power density
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• Identifi cation and mitigation of PEM – MEA failure modes
• Development of higher temperature PEM systems
• Comprehensive fuel cell systems models based on real world data
• APU development for long-haul trucking
• Manufacturing techniques developed which are specifi c to fuel cell systems and 

components

Safety, Codes and Standards
Canada is active in the development of codes and standards pertaining to the production, 
quality, storage, dispensing, and refuelling infrastructure for hydrogen and fuel cells 
in the transportation sector. Th is includes the development of harmonized codes and 
standards with the United States. 

Activities include: 
• Harmonized codes, standards, and practices developed with the United States
• Models developed for complete refuelling stations, which allow safety analysis and code 

development 
• Real world testing of the components of the fuel storage and dispensing infrastructure, to 

determine and confi rm best practices
• Revised Canadian Hydrogen Installation Code, which takes into account indoor 

refuelling
• Examined impurities in the fuel produced from waste hydrogen streams, for 

use in fuel cells.

HYDROGEN R,D&D SPECIFICS

PROGRAMS, PROJECTS, INITIATIVES IN BRIEF

Th e following are examples of signifi cant accomplishments that are helping to 
build Canada’s hydrogen and fuel cell industry.

Hydrogenics Corporation, a Canadian company and a leader in electrolyzer 
technology has recently installed 4 electrolysis based hydrogen fuelling stations 
in Europe, including one in Hamburg, Germany, capable of delivering 750 
kilograms of hydrogen per day. It is Europe’s largest station and will deliver fuel 
for 20 fuel cell buses operated by public transport as well as making hydrogen 
available for fuel cell cars. One half of the hydrogen is produced on site by 
electrolysis of water using renewable energy and the other half is delivered.  

Researchers at the Hydrogen Research Institute, located at the Université du 
Québec à Trois-Rivières has been included in the US Department of Energy’s 
Hydrogen Storage Systems Center of Excellence, whose focus is developing 
and optimizing onboard hydrogen storage systems for fuel cell vehicles. 

Th e 20-bus fl eet operated by BC Transit in the Resort Municipality of Whistler, 
British Columbia and powered by Ballard FCvelocityTM-HD6 fuel cell 
modules recently surpassed 1 million miles (1.6 million kilometers) of revenue 
service. Th e BC Transit fl eet has been the largest hydrogen fuel cell-powered 
bus fl eet in operation anywhere since it went into service approximately 2 years 
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ago and is the fi rst hydrogen fuel cell bus fl eet to achieve the 1 million mile revenue 
service mark. By end-November 2011 a number of important results had been achieved:

• Th e 20-bus fl eet had operated a total of 80,000 hours;
• More than 9,600 safe refuellings had been completed, by which 220,000 kilograms of 

hydrogen was dispensed to the fl eet’s buses; and
• 2,200 tons of greenhouse gas (GHG) emissions were avoided, in comparison to diesel 

buses, which is equivalent to removing approximately 400 passenger vehicles from the 
roads.

A committee draft was compiled for the development of a new ISO standard on hydrogen 
fuel product specifi cation, specifi cally “Part 2: Proton Exchange Membrane (PEM) fuel 
cell applications for road vehicles.”  Th is standard involves creating a fuel quality standard 
for fuel cell vehicles.  Th e committee draft will take the standard to the next level of 
development.  Once the standard is complete and available to the public, hydrogen fuel 
quality will be the same at all hydrogen fuelling stations. Th is will increase the viability of 
fuel cell vehicles.

REFERENCES

MEMBER WEBSITE

CanmetENERGY:

http://canmetenergy-canmetenergie.nrcan-rncan.gc.ca/eng/transportation/hydrogen_
fuel_cells.html 

OTHER IMPORTANT WEBSITES

Atlas of Canada: 

http://atlas.nrcan.gc.ca/site/english/maps/economic/energy/1 
• Statistics Canada: http://www40.statcan.gc.ca/l01/cst01/prim72-eng.htm 
• NRCan Economist – Matthew Lam, Senior Economist, mlam@nrcan.gc.ca 

CONTACT INFORMATION 
Nick Beck 
Director, Transportation Energy Technology 
CanmetENERGY 

Natural Resources Canada 

nbeck@nrcan.gc.ca
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DENAMRK

VITAL STATISTICS 

EU Member since 1973 
(Faroe Island and Greenland are not 
members of EU)

Population 
5.56 million 

Territory 
43,098 km2

Capital 
Copenhagen

GDP/capita 
315,000 DKK (2010)

Average Annual GDP 
Growth 
(Source: Statistics Denmark)

2007: 1.5%
2008:    -1.5%
2009:    -5.8%
2010:   +1.3%

Primary Energy Structure 
2010

Production  

Total production: 983 PJ
Oil:   523 PJ (53%)
Natural gas:  307 PJ (31%)
Renewables:  137 PJ (14%)
Waste:     16 PJ (2%)
Total:   140 PJ (2010)

Imports 
Oil:  117 PJ (51 %)
Coal:  112 PJ (49 %)

Exports  
Oil:  335 PJ (72%)
Natural gas: 132 PJ (28 %)

DENMARK

Henrik Iskov and Jan K. Jensen 

Danish Gas Technology Centre (DGC)

INTRODUCTION AND BACKGROUND

”Our Future Energy” 

Th e new Danish government, which was elected in mid-2011, wishes to continue the clear 
course towards a society independent of fossil fuels. Th e new government has launched a 
new plan, “Our Future Energy,” that increases the already ambitious goals for how fast 
society should convert to 100% renewable energy. Th e new main milestones are:

• 2020: 50% of the traditional consumption of electricity is covered by wind power
• 2030: No more use of coal in Danish power plants and phase out of oil burners
• 2035: All supply of electricity and heat is based on renewable sources
• 2050: Th e Danish energy supply is 100% based on renewable energy. Th at applies to all 

sectors, such as electricity, heating, industry, and transport.

In order to reach these goals, three focus areas are of vital importance: Energy effi  ciency, 
electrifi cation (smart grids, electric cars and heat pumps), and expansion of renewable 
energy. Further research, development, and demonstration of the new technologies are 
required. 

Increased eff orts to improve the energy effi  ciency of households and industries will 
be brought about by raising the energy savings target that energy companies have to 
implement among their consumers. A new strategy for energy renovation of existing 
buildings will include minimum requirements for building components. Subsidies will be 
available for green energy renovation of housing.

Promotion of electrifi cation will be realised by expanding the capacity of transmission 
lines to neighbouring countries. Smart grids will be enabled by agreement with energy 
companies for installing intelligent electricity meters. Incentives will increase demo 
projects with dynamic tariff s.

Substantial subsidies are expected to accelerate charging network for electric vehicles.

Biogas will be given access to new outlets through support that allows biogas to be used 
for industrial applications and concentrated to meet natural gas standards.

UPDATE ON MEMBER’S ENERGY FRAMEWORK 

Public funding of hydrogen and fuel-cell R,D&D continued to increase during the last 10 
years. From 2009 to 2011, the national funding increased from 130 million DKK to 190 
million DKK, equal to around 50% in two years. 
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Electricity 

Production
Total:   140 PJ (2010)

Coal:    44% of total 
Natural gas:   20% of total
Renewables:  32% of total
  - Wind:  20%

- Biomass: 11%
- Biogas: 1%

Total Demand/
Consumption 

Total end user consumption 
2010: 

662 PJ
Oil:  286 PJ (43%)
Natural gas:   75 PJ (11%)
Coal:      6 PJ (1%)
Renewables:   60 PJ (9%)
Electricity: 115 PJ (17%)
District heating:  119 PJ (18%) 

 
Transport: 32%
Industry:  21%
Commercial: 14%

Residential: 32%

HYDROGEN R&D&D SPECIFICS

Realisation of the new national energy plan with a high percentage of renewable 
energy includes handling of considerable balancing problems. Th is has increased focus 
on development of effi  cient electrolysers. A number of projects with electrolysers have 
received public funding lately. Notably,  a couple of projects are based on the “Power to 
Gas” concept; that is, how to store surplus renewable power as gas (hydrogen or methane) 
in the gas network, including caverns. A key component is an SOEC electrolyser, which 
has the potential to enable high system effi  ciencies above 80%.

A national fi eld test of hydrogen in polymer distribution 
pipes for natural gas is now running in its third phase. 
Th e test project began in 2003. In phases 1 and 2, 
samples have been analysed annually for possible 
material deterioration. Th e tests are carried out in a 
small grid at Danish Gas Technology Centre. Hydrogen 
is circulated in the grid under conditions similar to 
real operation. Th e results from phases 1 and 2 are 
quite positive. Due to some minor uncertainties in 
the development of polymer material characteristics, a 
third test phase was decided upon. Based on the project 
results, two smaller hydrogen grids with polymer pipes 
have been put into operation in Denmark, and a third 
grid is expected in 2012 (as a part of the Danish fuel-
cell based micro-cogeneration program). Th e phase 2 report is available from the DGC’s 
website.

A new test centre for hydrogen and fuel cells in Hobro has also been approved, and it w ill 
be operational in 2014. Funding consists of regional and EU support. Its main task will 
be to support the local fuel-cell industry cluster with testing and certifi cation, according 
to European directives and international standards.

During 2011, the fi rst 700 bar hydrogen fi lling station in Denmark was opened 
in Holstebro. Subsequently a couple of Hyundai fuel-cell cars were acquired for 
demonstration purposes.

Th e national network for hydrogen in the transport sector continues to arrange workshops 
on the Danish and Scandinavian future. Th e most recent was held in December 2011. A 
brief introduction is available through the presentations available at the website www.
hydrogenlink.net. 
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ENDNOTES

Danish Energy R&D projects (database): http://iis-03.risoe.dk/netahtml/risoe/ENS/efp_
uk.htm

Denmark in fi gures 2011(report): http://www.dst.dk

Key energy statistics 2010 (report): http://www.ens.dk

REFERENCES

Danish Gas Technology Centre (www.dgc.dk)

Danish Energy Agency (www.ens.dk/en-us) 

Partnership for hydrogen and fuel cells (www.hydrogennet.dk) 

National network for advancing hydrogen for transport in Denmark (www.hydrogenlink.
net) 

CONTACT INFORMATION

Mr Jan K. Jensen (jkj@dgc.dk)

Danish Gas Technology Centre (www.dgc.dk)
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EUROPEAN COMMISSION

VITAL STATISTICS 
Executive Arm of EU-27
27 member states

Population 
499,694 million

Territory 
4,323,000 km2

Nominal GDP
2,405409 billion Euro

Average Annual GDP 
Growth 
1.8%

EUROPEAN COMMISSION

Marc Steen

INTRODUCTION AND BACKGROUND

Th e European Commission (EC) is the executive arm of the European Union (EU), a 
unique treaty-based, economic, and political partnership between currently twenty seven 
member states, covering a territory of 4,323,000 km2. Th e EU-27 has an estimated total 
population of 502,480 million with a nominal GDP in 2011 of 12,629 billion Euros 
and an average GDP growth rate of 0.2%. Th e most recent data on the EU and of 
the individual member states’ primary energy structure and electricity production and 
consumption can be found in the EC issued statistical pocketbook 2010, “EU energy and 
transport in fi gures.”1

Th e EC is responsible for proposing policy and legislation, implementing decisions, 
ensuring that all abide with the European treaties and laws, and for managing the general 
day-to-day running of the EU aff airs. It therefore handles a number of policy areas 
and portfolios, including science and research. Th e Commission Directorates-General 
responsible for the policy areas most relevant to IEA-HIA are DG Energy (ENER), DG 
transport and mobility (MOVE), and DG Research and Innovation (R&I). Additionally, 
the Directorate-General Joint Research Centre (JRC) provides independent scientifi c and 
technological support for EU policy-making. Th e JRC Institute for Energy and Transport,2 
located in Petten (the Netherlands) and in Ispra (Italy), focuses on energy and transport 
issues, and represents the EC in the IEA HIA.  Sources for this update include the seven 
JRC Institutes, as well as close cooperation and networking at European and global levels. 

2011 RELEVANT POLICY UPDATES & MILESTONES

Th e EU policy document EU 2020 Strategy (COM[2010]2020) sets out the main policy 
lines for delivering smart, sustainable and inclusive economic growth in the EU. Th is 
overall strategy is implemented through a number of Flagship Initiatives, one of which is 
directly relevant for energy-transport-climate change issues, namely, the Flagship Initiative 
Resource Effi  cient Europe (COM[2011]571). 

As for energy policy within this overall frame, the Commission has published the EU 
2050 low-carbon roadmap (COM[2011]112), as well as the Energy 2050 Roadmap 
(COM(2011)885), which explores the challenges posed by delivering the EU’s 
decarbonisation objective while at the same time ensuring security of energy supply and 
competitiveness. In the transport policy area, the Commission has published the White 
Paper on Transport (COM[2011]144) with ambitious goals to reduce transport-generated 
carbon and pollutant emissions, through cleaner, more integrated and accessible transport 
systems. A number of European Industrial Initiatives (EIIs) have been launched in the 
frame of the Strategic European Technology Plan (SET-Plan) to address technology as 
a policy-enabler for energy and transport.3 All of these are industry-led public-private 
partnerships that have established a dedicated roadmap with a 2020 time horizon for the 
energy technology considered.  Such a roadmap sets RDD priorities and also includes 
information on required budgets. A Strategic Transport Technology Plan is expected for 
publication in 2012.



HYDROGEN IMPLEMENTING AGREEMENT

H I A

ii

EUROPEAN COMMISSION

EUROPEAN FUEL CELLS AND HYDROGEN JOINT UNDERTAKING

In the aforementioned policy-papers, the potential of hydrogen and fuel cells technologies 
is mentioned, stressing, however, that further technology development is needed. EU-
level eff orts related to that goal are mainly performed within the Fuel Cells and Hydrogen 
(FCH) Joint Undertaking (FCH JU).4 Th is public-private, industry-led, partnership 
composed of the European Industry, the European Commission and the European 
Research Community has been set up to overcome fragmentation and co-ordinate the 
European research, technological development and demonstration eff orts in this fi eld 
in a market driven fashion. Th e FCH JU is investing nearly 0.5 billion Euros, to be 
matched by contribution of all the legal entities participating in the FCH JU activities,  
in the period 2008–2013 while ensuring the involvement of all key stakeholders and 
striving at enhancing international collaboration. Its Multi-Annual Implementation 
Plan (MAIP) 2008–2013 has been revised in 2011, and, as required for the SET-Plan 
European Industrial Initiatives, an FCH Technology Roadmap containing a fi nancial and 
technology outlook on the European sector ambition for the period 2014–2020 has been 
developed under industry leadership.5  In 2011, the 4th call for FCH-JU proposals with 
a total indicative funding of 109 M€ was launched. In November 2011, during the FCH 
JU Stakeholders General Assembly, the progress of the on-going FCH JU was reviewed in 
relation to the targets of the MAIP. Th e report on this Review exercise is available on the 
FCH JU website.6 

Figure 1:  Cover page of FCH
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ENDNOTES

“EU energy and transport in fi gures - Statistical pocket book 2010”, issued by EC Directorate 
General for Energy and Transport ISBN 978-92-79-13815-7; http://ec.europa.eu/energy/
publications/statistics/statistics_en.htm 

JRC/IET web site:  http://iet.jrc.ec.europa.eu/   

www.setis.ec.europa.eu

Th e Fuel Cells and Hydrogen Joint Technology Initiative - webpage: http://www.fch-ju.eu/

http://www.fch-ju.eu/sites/default/fi les/111026%20FCH%20technologies%20in%20Europe%20
-%20Financial%20and%20technology%20outlook%202014%20-%202020.pdf

http://www.fch-ju.eu/sites/default/fi les/FCH%20JU%20Programme%20review%202011%20
fi nal%20report%20pdf%20-%20April%202012.pdf
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JAPAN

VITAL STATISTICS

Population
128 Million

Territory  
377,947 km2

Capital  
Tokyo

GDP/capita
USD 39,530 (FY2009)

Average Annual GDP 
Growth 
-5.2% (FY2009)
Primary Energy Structure
FY 2009

Production  

Total production 20,893 PJ
Coal:  21% 
Oil:  42%
Natural Gas:  19% 
Large-scale Hydraulic: 3%
Nuclear:  12% 
Others:  3% 

Imports 
17,831PJ
Coal:  25%  
Oil:  55%
Natural Gas:  20% 

Electricity 
1,113 MWh

Production 
Hydro:  8% 
Thermal: 67 % 
Nuclear:  25% 

JAPAN

New Energy and Industrial Technology Development Organization

INTRODUCTION AND BACKGROUND

NEDO’s New Energy Technology Department is promoting technology development 
projects encompassing basic research, experimental studies, and the establishment of 
benchmarks and standards in cooperation with industry, academic institutions and public 
research institutes. NEDO is now carrying out seven projects in the fi elds of stationary 
fuel cell systems, FCVs and hydrogen infrastructure.

UPDATE ON MEMBER’S ENERGY FRAMEWORK 

On January 13, 2011, 13 Japanese companies (automakers and hydrogen fuel suppliers) 
jointly announced the launch of FCVs in the Japanese market in 2015 and the 
development of a hydrogen supply infrastructure. 

• Automakers are aiming to launch FCVs in the Japanese market, mainly in the country’s 
four major metropolitan areas, in 2015.

• Hydrogen fuel suppliers are aiming to construct approximately 100 hydrogen refueling 
stations (HRS) by 2015.

• Automakers and hydrogen fuel suppliers will work together to expand the introduction of 
FCVs and develop a hydrogen supply network throughout Japan. 

Figure 1:  Allocation of HRS
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UPDATE ON HYDROGEN R&D&D SPECIFICS 

JAPAN HYDROGEN FUEL CELL DEMONSTRATION PROJECT PHASE 3 (JHFC3) 

Status and accomplishments

After successful completion of JHFC2, JHFC3 was commenced in April 2012. Sixteen 
hydrogen refueling stations and approximately 50 FCVs are being operated in the Tokyo, 
Aichi, Osaka and Fukuoka regions. Th e project is planned for fi ve years from 2012 to 
2016.

Participation
• Research association: HySUT (Th e Research Association of Hydrogen Supply/Utilization 

Technology)
• Local governments: Fukuoka Prefecture, Saga Prefecture, Yamanashi Prefecture, Nikko 

City
• Energy suppliers: JX Nippon Oil & Energy, Idemitsu, Showa-Shell, Cosmo Oil, Tokyo 

Gas, Osaka Gas, Toho Gas, Iwatani, Taiyo Nippon Sanso, Japan Air Liquide
• Auto manufacturers: Toyota, Nisan, Honda
• Universities: Kyushu University
• Electric power companies: Kyushu Electric Power Company, Kyuden Technosystems,
• Others: Kawasaki Heavy Industries, Nippon Steel, Tosu Environment Development 

General Center, Engineering Advancement Association of Japan, Nikko Hydrogen Energy 
Society Promotion Council

Funding

JPY 3 billion will be funded by NEDO in FY2012.

DEVELOPMENT OF PEFC TECHNOLOGIES AIMING AT PRACTICAL 
APPLICATION

Status and accomplishments

Th e project includes three sub-projects as outlined below. Th e targeted advancements are 
expected to be achieved during the full-scale commercialization stage (2020 to 2030) when 
FCVs are expected to have a lifespan exceeding 100,000 km and residential stationary fuel 
cells are expected to have a service life comparable to that of home appliances.

Base technology
• A number of academic-industry consortia have been formed to carry out R&D on 

improving the performance of PEFCs and reducing the amount of Pt catalyst in order to 
realize a cost reduction.

• Development of basic production technology
• Technologies for a residential fuel cell system (“ENE-FARM”) are being refi ned in order 

to further promote the use of fuel cells and expand the market.
• Development of technology for next-generation fuel cells
• Innovative and advanced research and development is being carried out to contribute to 

achieving high reliability and reducing the cost of PEFCs. 
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Participation

Academia and industry participate in these activities.

Funding

JPY 3.5 billion will be funded by NEDO in FY2012.

OTHERS

• Other NEDO funded R&D&D projects related to hydrogen and fuels cell are as below.
• Development of System and Elemental Technology for SOFCs
• R&D on Industrial Electric Power Generation Using SOFCs
• Development of Technologies for Hydrogen Production, Delivery and Storage Systems
• Fundamental Research Project on Advanced Hydrogen Science
• Advanced Fundamental Research on Hydrogen Storage Materials

REFERENCES

MEMBER WEBSITE

http://www.nedo.go.jp/english/index.html

OTHER IMPORTANT WEBSITES

http://fccj.jp/index_e.html

http://hysut.or.jp/en/index.html

CONTACT INFORMATION
Mr. Tadashi Ito
Chief Offi cer
Fuel Cell and Hydrogen Technology Group
New Energy Technology Department
New Energy and Industrial Technology Development Organization
18F, MUZA Kawasaki Central Tower, 1310 Omiya-cho, Saiwai-ku
Kawasaki City, Kanagwa 212-8554 Japan
E-mail: itohtds@nedo.go.jp
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LITHUANIA

VITAL STATISTICS
EU member state 

Population
3,286,820 (Department of 
Statistics of the Government of 
the Republic of Lithuania, 2010)

Territory
65,300 km2

Capital 
Vilnius

GDP/capita
28,793 LTL or 8,339 EUR
Average Annual GDP Growth 
1.3% (2010)

Primary Energy Structure 

Production 
8,507.6 million toe (year 2009)

Demand/Consumption

Gross Consumption
11,457 GWh (year 2009)

Electricity 

Production 

Imports 
1,681.0 GWh (2008)

Exports 
2,638.4 GWh (2008)

Total Demand /

Consumption 
Gross Consumption
12,426 GWh (2009)

LITHUANIA

Dr. R. Urbonas and Dr. D. Milčius

Lithuanian Energy Institute

INTRODUCTION AND BACKGROUND

MACROECONOMIC SITUATION

Th e structure of the Lithuanian national economy inherited from its Soviet past was 
inappropriate in terms of size and access to raw materials and primary energy. Lithuania’s 
transition to a free market economy occurred in two phases. From 1990 to 1995, new 
political and economic institutions were developed, simultaneously transforming the 
centrally planned economic system into a market economy. Despite many diffi  culties 
during transition period, steady progress in strengthening the performance of market 
supporting institutions and undertaking the necessary reforms has enabled the possibility 
of a strong and comparatively long term economic recovery. After the striking decline of 
the Lithuanian economy in 1990–1994, when GDP dropped 56.1% compared with its 
level in 1990, the period of 1995–2008 was characterized by stable economic expansion.

Since 1995, the country’s economy has been recovering very fast – on average by 6.3% per 
annum. One important factor stimulating the country’s economic development during 
the period of 2000–2008 was economic support from the EU structural funds and various 
programs. Successful use of the EU membership and new opportunities are playing very 
positive roles in reducing social and economic diff erences between Lithuania and the 
developed EU countries, as Lithuania gradually approaches average indicators in the EU-
27. Owing to such fast economic development, GDP per capita in Purchasing Power 
Standards (compared with the average of the EU-27) increased in Lithuania from 39% in 
2000 to 62% in 2008.

UPDATE ON MEMBER’S ENERGY FRAMEWORK 

ALTERATIONS IN PRIMARY ENERGY BALANCE

Th e development of the total primary energy consumption in million tons of oil equivalents 
is shown in Fig. 2. Oil and oil products were, over several decades, the most important 
fuels in Lithuania. However, since 1990 their share in the primary energy balance has been 
fl uctuating in a comparatively large range – from 44.2% in 1991 to 25.6% in 2003, with 
a clear tendency to a reduced role of heavy oil products due to decreasing consumption of 
heavy fuel oil for production of electricity and district heat. During the period of 2003–
2008, the contribution of oil products to the primary energy balance was increasing due 
to growth in consumption of motor fuel, and in 2008 it was equal to 31.7%. However, 
in 2009, due to signifi cant reduction of motor fuel consumption, share of oil products 
decreased to 29.3%.

At present, natural gas is one of the most important fuels in the Lithuanian primary energy 
balance. Th e share of natural gas, the most attractive fuel in a long-term perspective, was 
about 25% over the period 1990–2008. During the last two years total consumption of 
natural gas was decreasing, mostly owing to reduction of its non-energy use – in 2009 
consumption of gas for production of mineral fertilizers was by 1.6 times less than in 
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2008 and by 1.9 times less than in 2007. Th is caused a reduction of natural gas share in 
the balance of primary energy from 30.8% in 2007 to 27.9% in 2008 and to 25.6% in 
2009. 

Th e role of coal was decreasing – from 4.8% in 1990 to 1.0% in 2001. During the period 
2002–2007 share of coal in the primary energy balance was increasing and reached 2.7% 
in 2007, but in 2009 its contribution decreased again to 1.8%.

During the period 1990-2009 the share of nuclear – the cheapest imported fuel – was 
very high and fl uctuated about 30% with the lowest value of 19.7% in 1991 and the 
highest value of 37.0% in 2003. Th e role of nuclear fuel was very important because, 
being comparatively cheap, nuclear fuel helped to relieve certain burden of balance of 
payments and therefore softened social problems. Nuclear fuel helped to increase the 
security of the primary energy supply, especially in the power sector. Th e share of nuclear 
energy in the primary energy balance in the year 2009 (year of fi nal closure of Ignalina 
NPP) was 30.3%.

Primary energy resources in Lithuania are rather scarce. Local oil, peat, wood, geothermal 
and hydro energy, as well as energy from chemical processes could be used to meet 
consumer energy requirements. In 2009, their share in the country’s primary energy 
balance was 14.3%. Th eir contribution was increasing very fast during the period 1990–
2001 owing to steady growth of local oil extraction – from 12 thousand tonnes in 1990 
to the maximal amount of 471 thousand tonnes in 2001. But during the last 8 years, 
extraction of local oil decreased more than 4 times to 115 thousand tonnes in 2009. 
Certain contribution into balance of indigenous resources is originated from energy of 
chemical processes. Th is energy corresponds to the content of the thermal energy gained 
in the chemical processes (production of fertilizers), which is transferred into hot water 
and steam. Th e share of heat utilized at factories producing mineral fertilizers in the 
balance of indigenous resources was fl uctuating with the highest value of 19.6% in 1990 
and the lowest value of 5.8% in 1994. In 2009, their share was equal to 17.7%. 

Figure 1: Primary energy supply, million toe
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Since 2001, renewable energy sources are playing more and more important role. In 2009, 
their share in the balance of indigenous energy resources increased to 71.9%. Currently 
the main renewable energy resource is biomass (including wood waste, boughs, wood 
chips, pellets, sawdust and waste from agriculture). Th e contribution of hydro energy in 
absolute value is fl uctuating depending on climatic conditions with small changes, and 
since 2006 contribution of bio-fuels, used as a motor fuel for the road transport, as well as 
of wind energy is increasing.

Figure 2: Final electricity consumption, TWh

Final electricity consumption decreased from 12 TWh in 1990 to 6.2 TWh in 2000 but 
was increasing by 4.8% per annum during the period 2000-2008 (Table 5). Electricity 
consumption was increasing in all sectors of the national economy (Fig.2). Th e highest 
growth rates during the period 2000-2008 were in the services sector (7.1%) and in 
households (5.6%). Electricity consumption was growing comparatively slowly in the 
industry and construction (2.5%) and in particular in agriculture (0.6%). In 2009, due 
to economic recession the total fi nal electricity demand decreased by 7.4%, including its 
reduction in the construction sector by 20.4%, in manufacturing by 12.7%, the services 
sector by 8.8%, but in households reduction electricity demand was negligible. 

ENERGY POLICY

Lithuania and the other Baltic States have no relevant gas or electricity interconnections 
with the rest of the EU. Dependence on single external supplier and status of an “energy 
island” in the EU are two main factors describing Lithuania’s current energy situation and 
its energy policy objectives.

A number of projects are being developed which are expected to decrease Lithuania’s 
dependence on single external energy supplier. Th ese include, among others, the 
electricity interconnection “NordBalt” between Sweden and Lithuania, the electricity 
interconnection “LitPol Link” between Poland and Lithuania, new Visaginas Nuclear 
Power Plant in Lithuania (Visaginas NPP), an underground natural gas storage facility, 
and a liquefi ed natural gas (LNG) terminal. 



HYDROGEN IMPLEMENTING AGREEMENT

H I A

4

LITHUANIA

From December 31, 2009, due to the shutdown of the state-owned Ignalina Nuclear 
Power Plant (Ignalina NPP), Lithuania’s electricity generation structure has changed 
signifi cantly and Lithuania changed from a net exporter of electricity to a net importer of 
electricity.

Th e energy sector is particularly important to the Lithuanian economy and energy 
security is a strategic priority for the Government. In October 2010, the National Energy 
(Energy Independence) Strategy was endorsed by the Government and submitted to the 
Parliament for the fi nal approval. It foresees the most crucial assignments for Lithuania 
to achieve its energy independence until 2020. It will be ensured by breaking Lithuania’s 
energy isolation (alternative ways to import energy resources will be established) and by 
securing suffi  cient and competitive internal capacities of energy production.

Th e shutdown of Ignalina NPP at the end of 2009 required clear thinking and strategic 
resolve to assess how the generation capacities of Ignalina NPP could be replaced by 
alternative generation capacities. National Energy (Energy Independence) Strategy states 
that suffi  cient local power generation capacities (estimated at 12–14 TWh in 2020) will 
be ensured by construction of a new Visaginas Nuclear Power Plant and by the increase 
of power generation from renewable energy sources (their contribution is increasing fast, 
Fig. 6), as well as power purchased in electricity market through existing and constructing 
power interconnections.

Lithuania has recently taken steps to liberalise its electricity market and expects the 
Lithuanian electricity market to be fully liberalised for all consumers by 2015. Lithuania 
intends to use “Nord Pool”, the single power market for the Nordic countries, as the 
model for its electricity market. Th e liberalisation of the Lithuanian electricity market 
is expected to be a crucial step towards the creation of a common electricity market in 
the Baltic States and Lithuania’s subsequent integration into the “Nord Pool” and the 
electricity market of continental Europe.

As a consequence of the shutdown of Ignalina NPP from the of January 1, 2010, the 
average electricity price for households, which is regulated, increased by approximately 
30 % as compared to the price on December 31, 2009. January 1, 2010 also marked the 
offi  cial start of the electricity market in Lithuania (in the fi rst among the Baltic States) – a 
crucial step towards the common Baltic electricity market. In 2010 approximately 70% 
of all Lithuania’s electricity needs were purchased through the electricity market and this 
market platform conditioned the cheapest available power for the consumers. However, 
absent suffi  cient domestic competitive generation capacities Lithuania was forced to 
import a huge part of the electricity. In 2010, Lithuania imported more than 62% of 
the electricity needed to satisfy its demand. It is the highest import score among the EU 
member states.

In June 2010, the Government approved National Renewable Energy Sources 
Development Strategy, which aims in 2020 to achieve at least 23% share in the gross fi nal 
energy consumption to be produced from renewables. Th e biggest potential is foreseen 
in wind energy, hydro energy (for power generation), and biomass (mostly for heat 
production). At the end of 2009, renewables comprised 17% of all energy used by fi nal 
consumers, 9 % of electricity produced in the gross electricity consumption.
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THE ELECTRICITY SYSTEM

In January 2009, the Ministry of Energy of the Republic of Lithuania was re-established 
for the purpose to reform the Lithuanian energy sector. Since then, a number of reforms 
have been undertaken in the energy sector.

In 2009, the EU adopted the Th ird Energy Package, a package of legislative measures 
aimed at liberalising EU energy markets. Based on the ownership unbundling 
requirements of the Th ird Energy Package, Lithuania is successfully reforming the 
electricity sector by separating transmission from generation and supply activities. In 
2010, four blocks of energy companies were established (consisting of energy transmission, 
production, distribution and maintenance activities). Th e ownership unbundling will 
increase the overall effi  ciency of the power system, prevent discrimination against new 
market participants willing to connect to the grid, optimize the use and development 
of infrastructure, incentivise economic investment and ensure competitive prices for 
electricity consumers.

Due to historical factors, Lithuania’s high voltage electricity transmission grid is directly 
interconnected with the high voltage grids of Latvia, Belarus and the Kaliningrad Region 
of the Russian Federation. Th ese interconnections allow extensive exchanges of power with 
such neighbouring systems. However, a core objective of Lithuania’s energy strategy is the 
integration of its power system into the common European electricity market as well as 
synchronous interconnection with Continental system of ENTSO-E. Seeking integration 
into EU energy systems, a number of energy projects are being carried out. 

A marine underwater high voltage cable (Estlink) was completed in 2006 as a result 
of a joint venture between power companies in Finland and the Baltic States. Estlink 
allows the transportation of electricity between Finland and Estonia. Th e electricity is 
then transported from Estonia through the electricity transmission grid to Lithuania and 
Latvia. As key parts of the integration of the Baltic electricity market into the common 
European electricity market, new interconnection lines with Sweden (NordBalt) and 
Poland (LitPol Link) are in the process of being implemented.

NordBalt is a planned 700 MW submarine power cable between Lithuania and Sweden. 
In an eff ort to further exploit renewable energy sources, NordBalt will be constructed 
with the capability to access energy produced by off shore wind farms that may be 
constructed in the future. NordBalt is expected to cost EUR 516–738 million, of which 
EUR 175 million will be provided by the European Economy Recovery Plan. NordBalt 
is currently targeted for completion by the end of 2015. A number of preparation works 
for the construction of the interconnection has already been completed, including: a) a 
seabed survey for the NordBalt interconnection in the Baltic Sea, b) the preparation of the 
technical specifi cations for the NordBalt cable and converters, c) the tender process has 
successfully fi nished and on December, 2010 Swedish (Svenska Kraftnät) and Lithuanian 
(Litgrid) transmission system operators have signed a EUR 270 million worth contract 
with the Swedish energy and automated technologies company ABB, which will produce 
and install the 300 kV HVDC cable for the NordBalt interconnection.

LitPol Link is a planned 1,000 MW electricity link between Lithuania and Poland and 
is listed among the EU’s priority energy infrastructure projects. According to the pre-
feasibility study the cost of establishing LitPol Link is expected to be EUR 237 million 
and the project is expected to be completed by the end of 2015. In addition, Poland 
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will invest EUR 650 million and Lithuania EUR 262 million to upgrade existing energy 
infrastructure. Preparation for the construction of the LitPol Link has already commenced 
in the form of: 

• the fi nancial and action plan for the interconnection; 
• territorial planning; and 
• environmental impact assessments for the 400 kV overhead power transmission line and 

Lithuanian substation.

HYDROGEN R, D&D SPECIFICS

In 2011, the researchers of the Center actively participated in International Energy Agency 
Hydrogen Implementation Agreement (IEA HIA) Task 22, Fundamental and Applied 
Hydrogen Storage Materials Development. In this activity, chemical destabilisation of 
metals and their alloy hydrides was carried out by introducing new elements into materials, 
which form intermediate derivatives during hydride decomposition and, thus not allowing 
the system to get fully relaxed to the lowest energy state, or form a destabilized hydride 
during hydrogenation.

In 2011, a state subsidy funded project “Synthesis and Property Analysis of Nano-
crystalline Metal Hydrides, Designed for Energy Storage and Optical Devices” was 
continued. In the modern world, the greatest share of energy is obtained from oil, but its 
resources are fi nite.

Th e use of oil causes global problems which could be solved by replacing oil with an 
energy carrier, hydrogen. Hydrogen may be stored in metal hydrides: one of such hydrides 
currently under the most exhaustive research is magnesium hydride. However, due to the 
issued related to hydrogen absorption/desorption kinetics and excessively high formation/
decomposition temperature, magnesium hydride has not yet been widely used in the 
energy sector. Th e most effi  cient methods for improving the properties of this hydride is 
to introduce small amounts of various additives (e.g. Ti) and in this way destabilise the 
Mg-H system. 

During the implementation of this work, the researchers aimed at obtaining thin-layer 
Mg7TiHx structures by applying physical vapour deposition method for the synthesis 
of magnesium-titanium on silicon plates, which were cleaned before the process using 
plasma based pre-treatment.  Hydrogenation of the resulting structures was performed 
by applying high-pressure and temperature hydrogenation chamber. Th e received samples 
were then tested by profi lometer, scanning electronic microscope, energy dispersive X-ray 
spectrometer, X-ray diff ractometer, and glow discharge optical emission spectroscope. Th e 
results of the experiments demonstrated that the compounds developing in the hydride 
depend on the material, used for synthesis, and its surface structure.

During the implementation of the EU SF project “Foundation of National Open Access 
Scientifi c Center for Future Energy Technologies,” ULVAC-PHI X-ray photoelectron 
spectroscopy equipment (standard abbreviation XPS or ESCA) Versaprobe 5000 was 
bought and installed in LEI Center for Hydrogen Energy Technologies in 2010. It is the 
highest-quality analytical equipment, which distinguishes from other XPS by the lowest 
probing diameter as its size may be set from 300 to only 10 μm. Th is enables carrying out 
high special resolution XPS analysis encompassing the identifi cation of separate elements, 
resolution of their chemical state and formation of extremely accurate phase maps. 
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Moreover, the spectroscope is equipped with a unique patented function of dual-beam 
charge neutralisation (low-energy ions and electrons). For this reason, both conductive 
and dialectric materials may be easily tested. In order to observe the material distribution 
in depth, an angle-dependent XPS (ADXPS) analysis may be performed, or the sample 
may be sputtered using the installed argon ion gun in order to carry out the grading of 
samples.

In cooperation with lectors and students at Department of Physics of Vytautas Magnus 
University and Department of Physics of Kaunas University of Technology, the Center 
for Hydrogen Energy Technologies concentrates equipment necessary for investigations, 
allowing teachers at Department of Physics of Vytautas Magnus University and 
Department of Physics of Kaunas University of Technology to use modern educational 
aids, prepare high-qualifi ed specialists (including all study cycles) and develop competitive 
research. It is equally important that LEI has become a powerful centre of attraction for 
young researchers.

On 25 November 2011 the researchers of the Center for Hydrogen Energy Technologies 
were granted patent No. 5789 “Hydrogenation method of metals and their alloys,” 
registered in the State Patent Bureau of the republic of Lithuania. Th e patent application 
for the metal hydrogenation technology developed by the researchers of the Center is 
currently processed in the European Patent Offi  ce in order to obtain a European patent: 
https://data.epo.org/publication-server/rest/v1.0/publication-dates/20110629/patents/
EP2338834NWA1/document.pdf.

In 2011 a two-year project “Hydrogen Extraction from Water Vapour Plasma by Molecular 
Implantation” was completed as a part of the programme “Future Energy” fi nanced by 
Research Council of Lithuania. Th e work has demonstrated that proton conductive oxide 
electrolyte fuel cells (PCFC) are capable of successfully changing solid oxide fuel cells 
(SOFC) and operating at lower temperatures by noticeably reducing the total price of fuel 
cell system. Th is project was one of the four hydrogen-related projects funded by Research 
Council of Lithuania

REFERENCES

Lithuanian Energy Institute http://www.lei.lt 

CONTACT INFORMATION

R. Urbonas rolandas@mail.lei.lt, Lithuanian Energy Institute

D. Milčius milcius@mail.lei.lt, Lithuanian Energy Institute
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VITAL STATISTICS
Non-EU Member state

Population
4 985 900 (01.01.2012)

Territory 
323 802 km2

Capital 
Oslo

GDP/capita 
547 268 NOK 
Average Annual GDP Growth 
(l0.7% (2010)

Primary Energy Structure
(2010) 

Production
Total production 2 437 TWh
Coal:    15
Fuel wood  12
Crude oil  1 049
Gasoline, liquid gas 138
Natural Gas  1099
Waterfall  125
Wind   1

Renewable energy share of total 
energy consumption: 60% (2010)

Consumption
Total consumption:   247 TWh

Coal:   7
Petroleum products 80
Natural gas  7
Electricity  132
Wood   12
District heating  4

NORWAY

Trygve U. Riis

The Research Council of Norway

INTRODUCTION AND BACKGROUND

Norway is in a unique energy situation compared to most other countries. Being a 
highly developed industrial country, we produce 10 times as much energy products as we 
consume. Almost 95% of the produced energy is oil and gas, for the world, and particularly 
the European market. In addition to the fossil energy, Norway has a production capacity 
for electricity from hydropower comparable to the domestic consumption. In addition 
to hydro power, around 1 TWh wind energy, and 3-4 TWh gas fi red power is produced 
in Norway. Due to the high share of hydro power, the actual production varies from year 
to year, and the variations can be as high as 30-35TWh. With a number of cables to 
Sweden, Denmark, and the Netherlands, Norway is exporting surplus energy in wet years 
and import in dry years. Due to the high number of water dams in the Norwegian system, 
we also have an important role as swing producers in balance with the mainly thermal-
based power system in Europe and the increasing production of intermittent wind energy 
in Germany, Denmark, etc. In total, the Norwegian energy consumption is about 60% 
based on renewable energy. Due to EU regulations, and as a consequence of the renewable 
energy certifi cate system with Sweden, the rate of renewable is expected to increase in 
the coming years, and Norway is expected to become to a larger extent a net exporter of 
electricity as well.

UPDATE ON MEMBER’S ENERGY FRAMEWORK 

UPDATE ON RELEVANT POLICIES

A political agreement on the climate policy was decided on in 2008, and a white paper 
from the government will be issued in the near future. Th e climate agreement included a 
substantial increase in R&D spending for renewable energy and clean energy technologies.

UPDATE OVERVIEW ON RELEVANT PROGRAMS AND PROJECTS

Th ere is no specifi c hydrogen and fuel cells program in Norway. Th e R&D activities 
are mainly supported under the large RENERGI program, covering renewable energy, 
energy effi  ciency, and other clean energy topics, all topics except carbon capture and 
storage (CCS), where there is a dedicated R&D&D program in Norway. Th e RENERGI 
program period is soon coming to an end, and a new program is under development. Th e 
structure and content will be the same, but a new program plan with a revised strategy is 
under development. Hydrogen and fuel cells will still be part of the program.

Transnova was established in 2009 and is a Norwegian government organization dedicated 
to promotion of climate friendly transport. Transnova supports demonstration activities 
in Norway that contribute to reduced greenhouse gas emissions by replacing fossil fuels 
with clean or renewable fuels, by reducing transport volumes and by moving goods and 
passengers from lorries and private cars to more effi  cient modes of transport. In 2012, 
Transnova has a budget of 70 million Norwegian kroner, (US$12 million) and has the 
fi rst three years of its existence spent around US$8 million on hydrogen related projects – 
representing around 25 percent of our budgets.  
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HYDROGEN R,D&D SPECIFICS

PROGRAMS, PROJECTS, INITIATIVES IN BRIEF

HyNor Project

Th e HyNor project, a joint public-private partnership initiated to 
demonstrate a real-life implementation of a hydrogen refuelling 
infrastructure, continued in 2011, but with a focus on a denser 
network in the Oslo-region, rather than a “hydrogen highway,” which 
was the motivation at the start of the project. In 2011, one hydrogen 
refueling station was added to the network, and one was closed down, 
leaving the number of operating stations by the end of the year at four. 
Th e station which closed its operation is the station in Stavanger, and 
the new station is part of the H2-Moves Scandinavia project, which 
is a European lighthouse project under the FCH JU (Fuel Cells and 
Hydrogen Joint Undertaking). Th e project involves a state of the art 
fi lling station in Oslo, which will provide the 19 FCEVs (fuel cell 

electric vehicles) in the project with hydrogen, and a mobile refueller which will be 
used for a European road tour. Th e vehicles are 10 Mercedes Benz B-class F-CELL, 
5 Th ink city electric vehicles with a hydrogen fuel cell system as range extender, and 
4 Hyundai ix35 fuel cell vehicles. Th e fi lling stations in operation use hydrogen 
from diff erent resources and demonstrate various technologies for production 
and supply of hydrogen. Two additional stations will be opened in 2012: one in 
Lillestrøm, 25 kilometers north of Oslo; and one hydrogen bus station in the city 
of Oslo. 

Th e bus station is part of the HyNor Oslo bus project, which is also part of the 
FCH JU project CHIC (Clean Hydrogen In European Cities). Th e HyNor Oslo 
bus project is managed by Ruter AS, the public transport executive of Akershus 
county and Oslo municipality. VanHool will supply the buses, and Air Liquide 
Norway AS will deliver hydrogen from a fi lling station at Rosenholm bus facilities 
in Oslo. Th e buses will be in daily operation at a regular route for a minimum of 
fi ve years.

Akershus County, together with Oslo will throughout 2012 develop a hydrogen strategy 
for the Oslo region.

ZEG POWER

ZEG technology provides the power concept with the highest energy effi  ciency from 
hydrocarbon fuels, more than 80% for large scale plants, and ZEG technology is the only 
concept with the potential to produce electricity and hydrogen with integrated CO2-
capture less expensive than today. In addition, there are no emissions from a ZEG Power 
plant, neither NOx, particles nor aerosols. Th e technology also shows great fl exibility with 
respect to fuel, since all types of hydrocarbons can be used; natural gas, biogas, gasifi ed 
coal, tar, or oil. In addition, the relative amount of electricity and hydrogen (and heat) can 
be adjusted according to market demand.

Th e technology is developed as a joint cooperation between Institute for Energy 
Technology (IFE) and Christian Michelsen Research AS (CMR Prototech) through the 
development company ZEG Power AS.
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In 2012 ZEG Power will realize a 20kWel + 30kWH2 ZEG plant 
(BioZEG) based on biomass. Th e pilot will be built in connection 
with the Hynor Lillestrøm hydrogen fi lling station. In the project 
cost eff ective conversion of biomass to hydrogen and electricity for 
transportation purposes will be demonstrated. A prestudy of the plant 
(50kW) has shown a potential of more than 70% in total effi  ciency. 
Th e plant will primarily be fuelled by upgraded landfi ll gas. However, in 
order to increase the fuel fl exibility integration of a gasifi cation unit will 
also be evaluated.

BioZEG makes production of green electricity and hydrogen possible 
in standalone distributed plants based on local biomass or waste resources. Th e hydrogen 
and electricity produced can be used directly for transportation purposes; for electricity 
powered, hydrogen powered or plug-in hydrogen/batteries hybrid vehicles. On site 
production of hydrogen will in addition reduce the need for energy consuming trucking 
of hydrogen. CO2 from biomass is considered climate neutral. However, in BioZEG 
CO2 is captured as an integrated part of the process. Th is will give a negative climate 
contribution if the CO2 is sequestered, and used locally or stored.

R&D PROJECTS

Norwegian R&D are leading or participating in several projects under the “Fuel Cells and 
Hydrogen Joint Undertaking” in EU (FCH JU). 

zTh e JU was established in 2007/8, based on a strong priority for this fi eld in EU, and 
particularly with interest from large industrial companies to increase and focus R&D and 
demonstration of hydrogen and fuel cell projects.

In the fi gure below, a list of the projects that Norwegian R&D institutions are involved in 
is listed. 
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REFERENCES

MEMBER WEBSITE:

www.rcn.no 

OTHER IMPORTANT WEBSITES

www.hydrogen.no

www.transnova.no

www.hynor.no

CONTACT INFORMATION 

Mr. Trygve Utheim Riis,
The Research Council of Norway,
Department of Energy,
P.O.Box 2700 St.Hanshaugen,
0131 Oslo,
Norway
e-mail: tur@rcn.no
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Esther Chacón

INTA 

INTRODUCTION AND BACKGROUND

Th e shortage of fossil primary energy deposits in Spain has led to historically high rates 
of energy dependence. At present, Spain has some of the highest energy dependencies 
in Europe, which introduce additional risks such as price volatility in the international 
markets, in production processes. 

Development of renewable energies has been increasing in the electric sector; 32.6% of 
total energy production in 2010 came from renewable energy, which was more than 9 
points over 2009 and 2.9% above the target set in the 2005-2010 Renewable Energy Plan.

Especially remarkable are the roles played by wind and hydroelectric energy production, 
which comprise.14.6% and 14.1% respectively of the total energy production. .Th e 
combined production is about  81.7% of all renewable electricity production in Spain. In 
2010, wind power was consolidated as the fi rst renewable source for electricity generation 
ahead of hydro, which has traditionally led the renewable electricity production in Spain.

VITAL STATISTICS 
EU member state

Population 
47.190,5 (January 2011)1 

Territory 
Total Area: 504.782  km2 
Land: 499.542  km2 
Water: 5.240  km2 

Capital 
Madrid

GDP (2010 est.)1 
$1.369 trillion

GDP/capita 
$29.400 (2010 est.)1 
Recent average GDP Growth 
- 0,7% real growth rate (2010 
est.)1 

Primary Energy Structure 

Consumption 
132.123  Ktoe. (2010 )2 

Type
% of total 
production

Fossil Fuels
102.006 Ktoe 77,2%

Sub-Type % of sub-total
Coal
8.463 Ktoe 8,30%
Natural Gas (dry)
31.003 Ktoe 7.573%
Crude Oil 
62.540  Ktoe 61,31%
Nuclear
16.155 Ktoe 12,2%
Renewables
14.67 Ktoe 11,10%
Hydro
3.390 Ktoe 23,10%
Wind
3.765 Ktoe 25,65%
Biomass
5.046 Ktoe 34,38%
Biofuels
1.442 Ktoe 9,82%
Solar
1.014 Ktoe 6,91%
Geothermal
21 Ktoe 0,14%

Figure 1: Spanish’s electricity breakdown

Meanwhile, photovoltaic production 
reached 2.1% of the total, one-tenth 
more than last year, and biomass 
reached nearly 1% of the total 
electricity production. 

Figure 2: Renewables contribution to 
electricity

Th e fi nal energy consumption has 
experienced a recovery of 2.3%, with 
a more pronounced recovery in coal 
(18.6%) and gas (13.2%) and less 
pronounced for electric energy (2.1%).

Consumption of oil products, despite 
recovering from the sharp fall of 2009 
(-7.2%), continues registering a rate of 
-1.3%. Likewise, renewable energies 
used for fi nal applications increased by 
11.3% due to the increase of biofuels 
and biogas consumption and solar 
thermal production. 
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UPDATE ON MEMBER’S ENERGY FRAMEWORK

UPDATE ON RELEVANT POLICIES 

Th e Action Plan for 2008–2012 was approved. Th e Plan will generate savings worth 87.9 
million tons of oil equivalent (the equivalent to 60% consumption of primary energy in 
Spain during 2006) and will enable reduction of 238 million tons of CO2 emissions in 
the atmosphere.  It focuses its eff orts on 7 sectors (Industry, Transport, Building Public 
Services, Residential and computer equipment, Farming, and Energy Transformation) 
and specifi es particular measures for each of them.

Th ere are 59 actions identifi ed, 36 of which are articulated by means of economic 
incentives. Th ree (3) relate to the promotion of initiatives, which include a general plan 
for communication. Four (4) measures are aimed at the training of both users and market 
agents. Moreover, up to 16 legislative actions will be developed.

In addition, in 2011 a Public-Private-Partnership named “ALINNE” (Alliance for 
energy research and innovation) was set up among the Spanish Ministry of Science and 
Innovation and the Spanish energy sector. Th e Alliance is an instrument of science and 
technology policy which should enable responses to the main challenges on research, 
development, and innovation in the energy fi eld, and contributions to the defi nition 
of an energy strategy at the Spanish level with European positioning in line with EERA 
(European Energy Research Alliance). Th e Spanish H2 and FC Technological Platform is 
also a member of “ALINNE”.

UPDATE OVERVIEW ON RELEVANT PROGRAMS AND PROJECTS

Funding

Public Administrations contribute a total amount of 2,367 million euros to the Action 
Plan for period 2008–2012, 20.2% over the established fi gure in E4 (Energy Saving and 
Effi  ciency Strategy in Spain) for period 2008-2012.

With this Action Plan, the government consolidated the eff ort carried out with Action 
Plan 2005-2007 and reinforced the measures that proved excellent in the improvement of 
energy effi  ciency.

Th e MOVELE Plan, name of the Action Plan 2010-2012, is part of the Integral Strategy 
to Promote Electric Vehicle in Spain 2010-2014. Th is plan consists of a series of measures 
to be implemented over the next two years to encourage the introduction of electric 
vehicles. Th e Ministry of Industry, Tourism and Trade has allocated 72 million euros as 
direct aid for the purchase of electric vehicles in 2011.

Highlights of Progress

Th e role of renewable energies is an essential component of a sustainable energy model 
that respects environment concerns and attempts to reduce dependence on foreign energy 
while securing a stable energy supply in Spain, 

Th rough the industry eff ort and the energy policy accomplished by the government during 
last year’s focus on energy savings and energy effi  ciency, renewable energies commitment, 
and the gradual replacement of the most polluting technologies in electricity production, 
the 2020 objectives are closer to being met.

Imports 
98.431 Ktoe. (2010)2 

Type
% of total 
production

Petroleum
62.362 Ktoe 63,36%

Natural Gas
31.049 Ktoe 31,54%

Crude Oil 
5.020  Ktoe 5,1%

Exports

N.A.

National Production 
34.461 Ktoe (2010) 

Production Subtotal and 
% 

Type
% of total 
production

Coal
3.448 Ktoe 10%
Natural Gas
55 Ktoe 0,2%
Oil
126 0,4%
Nuclear
16.155 46,9%
Hydro
3.390 9,8%
Renewables
11.288  Ktoe 32,8%
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In fact, the increase of renewable contribution in the 2010 energy mix has been one of 
the keys for the energy dependency reduction registered in 2010. During 2010, renewable 
energies increased their participation relative to 2009, reaching the 13.2% of the fi nal 
energy. So while the Spanish self-suffi  ciency energy rate in 2009 was 22.8% of the fi nal 
energy consumption, in 2010 it accounted for 25.9%.

Furthermore, thanks to the evolution towards cleaner technologies for electricity 
production, an improvement in CO2 emissions per GWh was observed in 2010 from the 
previous year. In 2009, 306 tons of CO2 per GWh were emitted and one year later this 
fi gure was reduced to 247 tons, i.e., a 19.28% decrease, which enables Spain to fulfi ll the 
internationally adopted commitments. 

HYDROGEN R,D&D SPECIFICS

“HY-ROBRES WIND FARM” PROJECT

Th e project called “Hy-Robres Wind Farm” counts with 24MW of wind power installed 
and its goal is to demonstrate the possibilities of wind power storage and reconversion 
through Hydrogen. H2 will be produced and stored, to be used as backup system for 
electricity production during peak hours. It is an R+D installation, expected to be 
operational in 2012.

Figure 3: Robres wind farm

Th e system consists of 3 new turbines of 2 MW nominal power each connected to the 
Robres Wind Farm grid.  It comprises the following components: 500 kW Alcaline 
Electrolyser without purifi cation; 20,000 liters tank at 25 bars; two internal combustion 
engines of 240 kW and 40 kW.

Electricity 

Production 
300.241 Gwh (2010)1 

Production Subtotal and %

Type
% of total 
production

Hydro pumping
3002,41 Gwh 1%
Coal
25520,49 Gwh 8,5%
Natural Gas
96077,1 Gwh 32,0%
Oil
16513,26 Gwh 5,5%
Nuclear
61849,65 20,6%
Renewables
99677,60 Ktoe 32,2%

Imports
5.206 Gwh (2010)

Exports
13.539 Gwh (2010)
Total Demand/Consumption 
277.996 GWh (2010)

Source: “La Energía en España 2010”, 
Ministry of Industry, Tourism and Trade. www.
mityc.es
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Th e total investment of the project amounted 11 M€ (Wind = 6,630,000€; hydrogen = 
2,806,000€ in components  +  73,527€ in H2 civil works).

INJECTION TECHNOLOGY OF HYDROGEN AND METHANE IN DIESEL 
ENGINES FOR USE IN HEAVY TRANSPORT’ LAUNCHED IN CARTAGENA, 
SPAIN

Th is is an innovative project launched in 2010 by the Government of Murcia (southeast 
of Spain) that would permit a 7% reduction of greenhouse gases emissions and fuel 
consumption by injecting hydrogen into diesel engines in trucks. 

After a fi rst year devoted mainly to instrumentation and facilities adaptation of the 
Polytechnic University of Cartagena (Murcia), the project is about to start the testing 
phase. 

So far, the estimations are quite promising, and it seems that carbon monoxide and 
hydrocarbons emissions reduction per kilometer could be around 25% and nitrogen 
oxides by 15%. In addition, the opacity of smoke would decrease by 50%.

Th e second phase goal is the design of a prototype to be used by companies. Th is activity 
will be carried out in an IVECO test bench. It is possible that once the fi rst results have 
been obtained, it can be applied to other heavy vehicles like buses.

SHEL:  SUSTAINABLE HYDROGEN EVALUATION IN LOGISTICS

Shel is a demonstration project of the market readiness of Fuel Cell Hydrogen powered 
(FCH) materials handling vehicles, hydrogen refuelling infrastructure, and end user 
acceptance.

Figure 4: Forklifts from theSHEL project

Its main goal is the acceleration of early market take-up of Fuel Cell Hydrogen Fork Lift 
Trucks (FCH FLTs) in Europe.

Th e project will demonstrate 10 units of 1.5-2.5 ton FCH FLTs and a Hydrogen refuelling 
infrastructure across 3 sites in Europe: UK, Spain, and Turkey. 
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ENDNOTES

“La Energía en España 2010”, 1Ministry of Industry, Tourism and Trade. www.mityc.es
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SWEDEN

VITAL STATISTICS 
Sweden is a member of the EU 
but not EMU.

Population
Sweden has a population of 
9,495,113   (March 2012)
(SCB, Swedish offi cial statistics) 

Territory
449,964 km²

Capital
Stockholm is the capital of 
Sweden 

GDP/capita 
369,900 SEK or 55,200 USD

Average Annual GDP Growth 
3% average from 1990–2010
(SCB)

Production 
Swedish electricity production 
— made up by hydro-nuclear and
CHP from biomass — is almost 
fossil free. 
Sweden imports almost all liquid 
energy for transport (electricity 
for trains and some biofuel 
production for road transport 
excluded). The transport sector 
uses roughly 100 TWh/year.

SWEDEN 

Bengt Ridell 

Swedish Energy Agency, International Secretariat

INTRODUCTION AND BACKGROUND 

Th e Swedish Energy Agency is governed through the Ministry of Enterprise and is 
responsible for all R&D funding related to energy technology, which includes all parts of 
the energy value chain including horizontal aspects (sustainability and policy measures). 
Th e yearly budget is roughly 1,000 million crowns.

UPDATE ON MEMBER’S ENERGY FRAMEWORK 

Th e Swedish Energy Agency’s focus on hydrogen is in the production arena, mainly via 
gasifi cation of biomass to synthetic gas. Relative to hydrogen as a fuel for propulsion and 
stationary applications, the funds for R&D directed to fuel cells are considered small. 

Sweden has a consortium on artifi cial photosynthesis and has some research for diff erent 
kind of fuel cells. Update overview on relevant programs and projects 

• Overall funding on Swedish hydrogen and fuel cells R,D&D in 2011, gasifi cation 
technologies excluded, was roughly 5 million crowns. 

• Th e highlight of progress worth mentioning is improved understanding of hydrogen 
production through use of solar energy.

HYDROGEN R,D&D SPECIFICS

Th e Swedish government decided in 2008 to dedicate approximately 900 million crowns 
to demonstration facilities of new energy technology. From this sum, close to 725 million 
went to demonstration projects for biofuel production through gasifi cation technologies. 
Programs, 

PROJECTS, INITIATIVES IN BRIEF

Since the funding is of such a large nature, the decision had to be approved by the 
European Commission (DG Competition would have to approve the state not taking 
too big of an involvement in the market). In Spring 
2011, both of the projects were given a green light 
and will be operational in 2014.

• Gasifi cation of wood chips to biomethane 
in Gothenburg. Project acronym Gobigas, 
awarded 225 million crowns.

• Gasifi cation of black liquor at Domsjö using 
Chemrec technology. Aim to create bio-DME 
in an entrained fl ow gasifi er. Project awarded 
500 million crowns.



HYDROGEN IMPLEMENTING AGREEMENT

H I A

2

SWEDEN

PRIVATE INITIATIVES

Powercell 

PowerCell Sweden AB originates from a core research team at Volvo Group and was 
founded in 2008. Today PowerCell has about 50 employees. 

In 2009, Volvo Technology Transfer, Midroc New Technology, Ocas Ventures, and 
Fouriertransform jointly made a signifi cant investment and fi nanced an expansion of the 
Powercell company.

PowerCell is a developer of PEFC fuel cells and fuel cells system including a reformer 
that can use fossil fuels like diesel and gasoline as fuel. Th e so-called PowerPac system 
is being engineered to use today’s fuels, both fossil and renewable to power the fuel cell.  
Th e intention is to use the fuel cell system as APU for trucks and boats. In addition, the 
PowerPac is being planned for easy adaptation to other renewable fuels such ethanol and 
methanol, which can be converted into hydrogen rich gas. 

myFC

myFC from Sweden is an SME that provides a portable hydrogen fuel cell power source 
for on demand charging of cell phones and other low power portable electronics away 
from the grid. Th e charger is called PowerTrekk.  It is a 2-in-1 solution that is both a 
portable battery pack and a fuel cell. Users simply insert a fuel pack Pukk and add water. 
To charge portable devices – for example mobile phones, cameras and GPS devices – users 
connect a device to Power Trekk via a USB port, and the power is generated immediately. 
Th e Power Trekk is now available for sale.       

Pictured here is a new product 
developed by myFC: a 3mm thick 
hydrogen PEFC fuel cell that is to 
be inserted in the lid of a PC laptop. 
It will extend the operating time 
signifi cantly as it can be charged by 
methanol cartridges.
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Cellkraft 

Cellkraft AB is a small company in Sweden that produces robust hydrogen fuelled PEFC. 
Th ey developed fuel cells for special purposes, such as back-up for telecom and APU in 
harsh climates, for instance, the Mawson base on the South pole continent. Cellkraft has 
fuel cells products up to 3 kWe. Cellkraft has cooperation with Genesis Fueltech, USA for 
reformer technology. Together, they have developed a system that can power a small boat 
using methanol as fuel.

Catator

Catator was founded in 1990 by a group of researchers at Lund University in Sweden. 
It quickly became a high-tech company in the fi eld of catalysis and customized catalytic 
process design. Among their products, Catator developed diff erent kinds of reformers for 
reformate and hydrogen production. Catator cooperates with several fuel cell developers, 
both SOFC and PEFC.

Th e fuel processor units for hydrogen production are so-called multi-fuel processors, and 
work with a wide range of fuels, e.g. natural gas, LPG, ethanol, methanol, diesel, kerosene, 
and jet-fuel (JP8). Th ey can be delivered in capacities from 50 We to 30 kWe or according 
to customer specifi cations.

Malmö hydrogen fi lling station

Th e hydrogen fi lling station in Malmö was inaugurated in September 2003. It has 
been used for several diff erent Hythane and hydrogen vehicle projects. Th e station is 
now mothballed and waiting for a new project under discussion, a hydrogen FC-bus in 
Malmö.

Th e station uses an electrolyser from Hydrogenics in Belgium as source for hydrogen.
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REFERENCES

Swedish Energy Agency – http://www.energimyndigheten.se/en/ 

OTHER IMPORTANT WEBSITES:

Gobigas project - http://www.goteborgenergi.se/English/Projects/GoBiGas__
Gothenburg_Biomass_Gasifi cation_Project 

Domsjö DME from black liquor: http://www.chemrec.se/Domsjoe_Fabriker_producing_
green_fuels_with_Chemrec.aspx 

Powercell - http://www.powercell.se/ 

Cellkraft AB - http://www.cellkraft.se/index_en.html 

myFC AB - http://www.myfuelcell.se/ 

Catator – http://www.myfuelcell.se/ 

Elforsk Swedish fuel cell group www.branslecell.se 

Hydrogen Sweden branch organisation- http://www.vatgas.se/in-english  
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Switzerland

VITAL STATISTICS 
Sweden is a member of the eU 
but not eMU.

Population
7’870’100 (2010)

Territory
41’285 km2

Capital
Bern

GDP/capita
CHF 69’887 (2010)
($ 74’395)

Average Annual GDP 
Growth 1.9 % (1997-2007)

Primary Energy Structure

Production
235’040 Terajoule (2008)
Wood:     15 %
Waste:   22 %
Hydro:   58 %
Others:   5 %

Imports
1’138’110 Terajoule (2008)
Coal:    1 %
Oil:      19 %
Petrol:   29 %
Gaz:      10 %
Nuclear fuel:    25 %
Electricity:    16 %

Exports 
212’610 Terajoule (2008)
Electricity:    87 %
Petrol:   13 %

Demand/Consumption
900’040 Terajoule (2008) (final 
consumption)

oil    55 % 
electricity   24 %
natural gas   12 %
coal     1 %
wood    4 %
others    4 % 

SwITzErLAnD

Stefan Oberholzer

Swiss Federal Office of Energy 

SwiSS energy FraMework

Energy policies of  the federal government and the local regions (cantons) are 
based on regularly updated energy perspectives for Switzerland as well as on 
strategies and implementation programmes at federal, cantonals and municipal 
levels. Efforts of  finding paths towards a sustainable future energy supply are driven 
by the so called “2,000-watt society”, a vision in which each person would cut their 
over-all rate of  energy use to an average maximum of  2,000 by the middle of  the 
century without lowering their standard of  living.

Due to the geographical location in the core of  the Alps, Switzerland’s most 
important source of  renewable energy is hydropower. Other renewables including 
solar, biomass, wind, geothermal, and ambient heat also play an increasingly 
important role in today’s Swiss energy mix. The long-term potentials of  domestic 
renewable energy indicate that, for all forms, the prospects for electricity and 
heat are very sound. With the introduction of  remuneration at cost for input into 
the grid in 2009, one of  the goals of  Switzerland’s energy policy is to increase 
the proportion of  electricity produced from renewable energy by 5,400 GWh, or 
10% of  the country’s present-day electricity consumption, by 2030. Today, 56% of  
Switzerland’s overall electricity production comes from renewable sources, with 
hydropower as by far the biggest contributor. 

Since 2001, the programme “Swiss Energy” aims at promoting energy efficiency 
and the use of  renewable energy. Its main strength lies in close co-operation 
between the federal government, the cantons and municipalities, and numerous 
partners from trade and industry, environmental and consumer organisations, and 
public and private agencies. 

The energy research carried out in the public sector is based on the energy 
research concept of  the federal government, which is updated every four 
years by the Swiss Federal Energy Research Commission (CORE). The Swiss 
Federal Office of  Energy (SFOE) is responsible for the implementation of  this 
concept and coordinates various national research and demonstration activities 
in collaboration with other public and private funding institutions. The overall 
public funding for energy related research amounts to $147 Million. In order to 
fulfill its coordinative task, the SFOE runs 24 research programmes for different 
technologies in the field of  renewable energies.
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Switzerland Switzerland

Electricity 
Production

66’967 GWh (brutto 2008)
Hydro:   56 %
Nuclear:  39 %
Fossil:  5 %
Biomass: 119 GWh (0.17 %)
PV:  34 GWh (0.05 %)
Wind: 19 GWh (0.02 %)

Imports
50’300 gwh (2008)

Exports
51’400 gwh (2008)

Total Demand/
Consumption

58’729 gwh (2008)
Households 31 % 
Agriculture   2 % 
Industry 32 % 
Services  27 % 
Transport  8 % 

Figure 1: 1 MW solar furnace 
(MWSF), Odeillo, France, consisting 

of heliostat field, parabolic 
concentrator, and tower with 

experimental platform, which is 
used with the 100 kW solar pilot 

reactor to produce Zn.

Hydrogen r,d&d PrograMMe

Within the Swiss long-term energy perspectives, hydrogen continues to own a 
major potential as energy carrier that is absolutely needed when facing storage 
problems in a future energy supply based on renewable energy sources. The 
funds available in the Swiss Hydrogen Program (www.bfe.admin.ch/research/
hydrogen) lead by the SFOE are used to as seed money to coordinate and initiate 
various activities in national research and demonstration projects. The fostering 
of  projects in the field of  hydrogen production by renewable energies and 
hydrogen storage in solid state systems constitutes the long term strategy of  the 
SFOE hydrogen research program. The overall funding by public institutions for 
the hydrogen and solar chemistry activities in 2009 was $5 million, of  which the 
SFOE directly controls roughly one quarter. 

aCtorS

The main research institutions in the hydrogen research program are the Swiss 
Federal Institutes of  Technology in Lausanne (EPFL), the Paul Scherrer Institut 
(PSI), the Swiss Materials Science & Technology Center (EMPA), as well as 
Cantonal Universities (Geneva, Basel) and Universities of  Applied Sciences 
(Fribourg, Winterthur). The establishment of  a national center of  competence 
in photo-electrochemistry (PEC) at the EPFL with additional activities at EMPA 
and the University of  Basel allowed for a concentration of  research activities in 
this subfield to take place within the past years. Industrial players are companies 
in the field of  electrolyser-technology (Industrie Haute Technologie IHT) and 
hydrogen-logistics (PanGas, Linde-Switzerland, WEKA). All actors from research 
and industry are organised in the Swiss Hydrogen Association Hydropole (www.
hydropole.ch), the national network for hydrogen related matters in Switzerland. 

aCCoMPliSHMentS 2011

The production of  hydrogen by renewable energy sources and the development 
of  effective storage possibilities form the main topics of  the Swiss hydrogen 
programme. Some highlights of  2011 are summarized in the following paragraph.

Research activities at the Solar Technology Laboratory at the Paul Scherrer 
Institut (PSI) and the Institute of  Energy Technology at ETH Zurich are focused 
on concentrated solar energy technologies, especially on the investigation of  high-
temperature solar thermochemical processes for the production of  hydrogen and 
synthetic fuels. Over many years 2-step thermochemical cycles based on metal 
oxide redox reactions are developed to split water and/or CO2 to and produce 
hydrogen and carbon monoxide. In a first solar endothermic reaction, a metal 
oxide is reduced into a reduced-valence metal oxide and O2. The non-solar 
exothermic oxidation of  the reduced metal oxide with water and/or CO2 yields 
hydrogen and/or syngas together with the initial metal oxide, which is recycled 
to the first step. Of  special interest is the solar thermal dissociation of  ZnO. 
Here, the PSI developed a new 100 kW pilot (see figure 1). A first experimental 
campaign was conducted in summer 2011 at the 1 MW Solar Furnace (MWSF) 
in Odeillo, France (figure 2). More than 60 hours of  on-sun testing in the MWSF 
were recorded, each experiment lasting between three and seven hours.                                    

All systems of  the solar pilot plant have been tested and qualified. 
A second experimental campaign planned for 2012 aims at 
optimizing the reactor performance by implementing a modified 
quench unit and by operating the reactor at higher temperatures 
using improved high-temperature wall materials. The goal will 
be to reach a Zn yield exceeding 50% and a solar-to-chemical 
energy conversion efficiency approaching 10 %. The results 
from this research will extent the ability to store solar energy as 
a fuel – such as Zn, H2, or syngas – in a manner that increases 
the chances of  having a sustainable solution to the current world 
problem of  being dependent on a limited supply of  fossil fuels.

Since end of  2011, the first five fuel cell buses are in regular 
operation at PostBus (PostAuto Schweiz AG). PostAuto is the 
largest public transport operator in Switzerland with a fleet by approximately 
2000 buses covering approximately 100 million km per year. Hydrogen for the five 
buses is provided by water electrolysis using electricity from hydro power. The 
project is part of  the European CHIC (Clean Hydrogen In European Cities) with 
26 hydrogen FC powered buses in five major European regions. The focus in the 
Swiss part of  the CHIC project is on gaining experience with hydrogen buses on 
hilly ground.

The Swiss hydrogen research program will be continued in 2012 in 
collaboration with the R&D programs of  the IEA-HIA and with 
additional funding from the European Union. New projects will be 
launched within the next years, especially demonstration projects 
such as the first hydrogen fueling station for buses, which is planned 
to be opened in spring of  2012.

ContaCt
dr. Stefan oberholzer
Swiss Federal Office of Energy, Section Energy Research,
Hydrogen & Fuel Cells, Photovoltaics, CSP
3003 Bern, Switzerland
tel: +41 (0)31 325 89 20

stefan.oberholzer@bfe.admin.ch

www.bfe.admin.ch/research/hydrogen

Figure 2: 3D schematic view of 
the 100 kw solar pilot plant 
mounted on the movable carriage 
for operation at the 1 Mw solar 
furnace in Odeillo (France): solar 
reactor, dynamic screwfeeder, and 
filter system.

Figure 3: Since end 2011 the 
first hydrogen buses (Citaro 
FuelCELL-Hybrid) in Switzerland 
are operational.

file:///G:/IEA%20HIA/Switzwerland/www.bfe.admin.ch/research/hydrogen
file:///G:/IEA%20HIA/Switzwerland/www.bfe.admin.ch/research/hydrogen
file:///G:/IEA%20HIA/Switzwerland/www.hydropole.ch
file:///G:/IEA%20HIA/Switzwerland/www.hydropole.ch
mailto:stefan.oberholzer@bfe.admin.ch
file:///G:/IEA%20HIA/Switzwerland/www.bfe.admin.ch/research/hydrogen


2011 ANNUAL REPORT

H I A
1

TURKEY

STATISTICS

Population 
The population of Turkey is 
74,724,269 on December 31, 
2011

Territory
780 000 km2 

Capital
ANKARA

GDP/capita
13,119 TL – 10,067 USD (2009)

Average Annual GDP 
Growth
2010 – %14.4 –TL
2010 - %17.6 - USD

Primary Energy Structure

Production
Total Production 32.493 
MillionTEP  2010

Type
% of total 
imports

Fossil Fuels
87.310 MTEP % 99.887

Sub-Type % of sub-total
Coal
15.921 MTEP 18.235%
Natural Gas
36.566 MTEP 41.881%
Petroleum
34.823 MTEP 39.884%
Electricity
0.098 MTEP %0.113

TURKEY

Dr. Alper Sarıoğlan, Aslı Kaytaz

TUBITAK Marmara Research Center Energy Institute

INTRODUCTION AND BACKGROUND

Energy production in Turkey is mainly based on imported fossil fuel. Both limiting 
greenhouse gas emissions in energy production for struggling climate change and 
ensuring energy supply security for sustainable development are serious priorities. Th e 
performance of these priorities is closely related to increasing clean energy production and 
effi  ciency in the use of energy. Increasing clean energy supplies will be possible, mainly by 
expanding energy production through the use of renewable energy sources such as water, 
wind, sun, and geothermal. Turkey has a signifi cant amount of renewable energy sources, 
especially hydraulic, wind, solar, geothermal, and biomass. Th e potential for renewable 
energy resources is in second place after coal. In Turkey, hydroelectric and biomass have 
the most important share of renewable energy production. Th e shares of wind and solar 
energies is very small, yet increases in these are expected in the future. With regards to 
energy resources and policies, Turkey assumes an active role for resources diversifi cation. 
Hydrogen technologies are expected to take place an important place in country’s future 
energy portfolio. 

UPDATE ON MEMBER’S ENERGY FRAMEWORK

UPDATE ON RELEVANT POLICIES

With regard to supply security, necessary legal and institutional infrastructure has been 
established in order to encourage electrical energy generated from renewable energy 
resources so as to diversify resources. Th is situation has a strong impact on development of 
renewable energy. Studies have kept going to improve the supportive environment. 

Transition to a low carbon economy and clean production processes in industry will 
be promoted and informative activities regarding this subject will be focused on. For 
this purpose, moving the industry to production zones enabling them to produce with 
organized infrastructure facilities will be encouraged and the greenhouse gas emissions 
will be controlled, monitored and reported. Eco-effi  ciency programs which comply 
with clean production by dealing with sustainable development, economic growth and 
environmental performance will be implemented throughout the country.

UPDATE OVERVIEW ON RELEVANT PROGRAMS AND PROJECTS

Funding

Various initiatives have been taken under TÜBİTAK’s lead to ensure the results of R&D 
activities create economic value and meet the needs of the private sector. Th ey have mostly 
been conducted within the Turkish Research Area Program (TARAL). Th e aim of TARAL 
is to improve cooperation opportunities among all institutions which carry out R&D 
activities and demand the results of these activities. In this context, the “Academic and 
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Electricity

Production 
211207 GWh (2010)

Type
% of total 
production

Fossil Fuels
155828 GWh 73.780% 

Sub-Type % of sub-total
Coal
55504 GWh 35.619%
Natural Gas
98144 GWh 62.982%
Petroleum
2180 GWh 1.399%

Renewables
54711 GWh 25.904% 

Sub-Type % of sub-total
Hydro
51795 GWh 94.670%
Wind
2916 GWh 5.330%
Solar
0 GWh 0%
Biyofuel
0 GWh 0%

Jeothermal
668 GWh 0.316%

Imports
0.098 MTEP

Exports
0.165 MTEP

Total Demand/
Consumption 
Consumption = 2347 kWh/
person (2010) 

Practical R&D Support,” “Public R&D Support,” “Industry R&D Support,” “Defense 
and Space R&D Support,” “Improvement of Science and Technology Awareness,” and the 
“Training and Development of Scientists” projects have been conducted successfully since 
2005. 

Highlights of Progress

Th e National Science, Technology and Innovation Strategy-UBTYS (2011–2016) is in 
preparation by TÜBİTAK. Th e vision is “to contribute to new knowledge and develop 
innovative technologies to improve the quality of life by transforming the former into 
products, processes, and services for the benefi t of the country and humanity.” Energy 
takes place under need oriented approaches as one of the three main areas.

HYDROGEN R,D&D SPECIFICS

PROGRAMS, PROJECTS, INITIATIVES IN BRIEF

According to the Industrial Strategy Document of Republic of Turkey Ministry of Industry 
and Trade as determined for a period of 2011–2014, studies for products based on 
alternative energy sources to be used in the industry, and improvement of their technical 
infrastructure and their transformation into commercial products will be carried out.

Within this framework, the Ministry of Industry and Trade will cooperate with the 
Scientifi c and Technological Research Council of Turkey, Universities and Public Sector, 
and provide support to projects for commercialization of production of hydrogen fuel 
cells for automotive industry and/or for power portable electronic equipment such as 
mobile phones, computers, etc., as well as for fuel cell based system optimization. Actions 
will be taken to develop technical capacity regarding hydrogen energy technologies, fuel 
cell applications, and industrial applications for the purpose of improving products based 
on alternative energy resources and supporting technological infrastructure and related 
R&D activities in Turkey and in the region. 

Moreover, MSc, and PhD studies on hydrogen technologies are ongoing at universities. In 
2011, 23 theses have been completed. Th e main subjects were the followings:

• Hydrogen use in lean burn spark ignition engines
• Electrochemical hydrogen storage
• Sorption enhanced ethanol reforming for hydrogen production
• H2 production via microbial electrolysis
• Photofermentative hydrogen production
• Phototrophic hydrogen production
• Direct synthesis of hydrogen storage alloys
• Mg-Ti powder for hydrogen storage
• Design of metal hydride reactor for hydrogen storage
• Hydrogen production in immobilized bioreactors
• Geothermal energy use in hydrogen production and liquefaction
• Porous silicon based hydrogen cell
• H2 production from lignocellulosic wet biomasses by supercritical water gasifi cation
• Ammonia borane for chemical hydrogen storage
• Production of metal borohydride for hydrogen storage
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Imports 
87.409 MTEP - 2010 

Type
% of total 
imports

Fossil Fuels
87.310  MTEP % 99.887 

Sub-Type % of sub-total
Coal
15.921 MTEP 18.235%
Natural Gas
36.566 MTEP 41.881%
Petroleum
34.823 MTEP 39.884%

Renewables
54711 MTEP 25.904% 

Exports
8.009 MTEP - 2010 

Type
% of total 
imports

Fossil Fuels
7.844   MTEP % 97.939

Sub-Type % of sub-total
Coal
0 MTEP 0.000%
Natural Gas
0.594 MTEP 7.573%
Petroleum
7.250  MTEP 92.427%

Electricity
0.165 MTEP %2.060

Figure 1. Photos from the 
HIDROMOBIL and Formula G
Competitions

• H2 production from animal and processed milk waste
• H2 storage tanks and computer aided modeling
• H2 storage in carbon nanotubes
• Exergoeconomic analysis and life cycle assesment of biomass based hydrogen production 
• H2 production from olive pomace by supercritical water gasifi cation  
• H2 production by supercritical water gasifi cation of glucose and galactose
• H2 as supplementary fuel in otto engines
• H2 production from sorghum by aqueous phase reforming process

Every year, TÜBİTAK organizes competitions, called  HIDROMOBIL and FORMULA 
G, in order to stimulate the use of hydrogen and solar technologies at industrial level, 
increase the awareness of hydrogen and renewable energy among the young researchers, 
and power the human resources on alternative technologies. Th is year, competitions were 
held on July 16–17th, 2011 at İzmir. Th e competition forces students to design better 
vehicles in terms of durability and aerodynamics. 
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Consumption 
83.372 MTEP - 2010 

Type
% of total 
imports

Fossil Fuels
65.524   MTEP 78.592% 

Sub-Type % of sub-total
Coal
23.837 MTEP 36.379%
Natural Gas
27.667 MTEP 21.397%
Petroleum
14.020  MTEP 42.224%

Renewables
0.444 MTEP 0.532% 
Hydro
0.000 MTEP 0.000%
Wind
0.000 MTEP 0.000%
Solar
0.432 MTEP 97.297%
Biyofuel
0.012 MTEP 2.703%

Jeothermal
2.612 MTEP 3.133
Electricity
14.79 17.741%

REFERENCES 

www.tubitak.gov.tr

www.mam.gov.tr

OTHER IMPORTANT WEBSITES

http://www.sanayi.gov.tr/

http://www.enerji.gov.tr/

CONTACT INFORMATION 

Alper.sarioglan@mam.gov.tr

Asli.kaytaz@mam.gov.tr
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VITAL STATISTICS
UNIDO headquarters are in 
Vienna, Austria. 173 States are 
Members of UNIDO.  ICHET is 
located in Istanbul, Turkey 

Outline 
The United Nations Industrial 
Development Organization 
(UNIDO) is a specialized 
agency of the United Nations. 
Its mandate is to promote and 
accelerate sustainable industrial 
development in developing 
countries and economies in 
transition, and work towards 
improving living conditions in 
the world’s poorest countries by 
drawing on its combined global 
resources and expertise.

UNIDO is managing the 
process of forming ICHET and 
is running the project titled 
“Establishment and Operation 
of the International Centre for 
Hydrogen Energy Technology 
(ICHET)” according to the 
Trust Fund Agreement signed 
in October 2003 between the 
Government of Turkey and 
UNIDO.

ICHET aims to promote viable 
implementations of hydrogen 
energy technologies in Turkey 
and in developing countries.

UNIDO is the IEA HIA member 
(Contracting Party) and has 
delegated ICHET to represent 
UNIDO in the IEA HIA.

UNITED NATIONS INDUSTRIAL DEVELOPMENT 
ORGANISATION – UNIDO 

Represented by the International Centre for Hydrogen Energy Technologies - ICHET

Dr. N. Lymberopoulos

UNIDO-ICHET, Sabri Ulker Sk. 38/4, 34015, Istanbul, Turkey

INTRODUCTION AND BACKGROUND

Th e Developing World has the potential to create a viable hydrogen energy market if 
it is to leap frog to hydrogen energy technologies. UNIDO ICHET is ideally placed to 
complement existing or potential national activities, providing funds, technical expertise, 
or support to secure funds from third parties.  

UPDATE ON MEMBER’S ENERGY FRAMEWORK 

Among its various Energy Effi  ciency and Renewable Energy activities, UNIDO signed 
a Trust Fund agreement with the Turkish Ministry of Energy and Natural Resources 
amounting to $US 40M to establish and run the International Centre for Hydrogen 
Energy Technologies (ICHET). ICHET was thus established in Istanbul, Turkey in 2003 
and commenced its activities in May 2004.

In its eight years of operation, the centre has managed to realize a number of projects 
ranging from developing technology demonstrators, establishing laboratories, organizing 
education and training activities, supporting universities, and industry undertake RD&D, 
to establishing major pilot infrastructures. In parallel, an appropriate team of scientists 
was established along with the right team spirit. Th e centre is now acknowledged as a 
viable hydrogen energy partner in Turkey and internationally by UNIDO, the IEA 
HIA, N-ERGHY, and the GEF. ICHET has thus completed the fi rst cycle of developing 
prototypes and facilities and is thus ready to move to the second cycle, supporting these 
products enter the market.

HYDROGEN RD&D SPECIFICS

PROGRAMS, PROJECTS, INITIATIVES IN BRIEF

Bozcaada Island wind-solar Hydrogen project

A renewables and hydrogen technologies system was erected on the island of Bozcaada. 
Th e total project budget was $US 1.5 M covered by ICHET. Th e main features of the 
system are a 20 kW PV system (already installed) a 30 k wind turbine (installed but 
eventually removed due to problems 
and about to be replaced) and a 
hydrogen production (10 Nm3/hr 
@ 30bar), compression (220 bar) 
and storage unit. Hydrogen is used 
to power 15 kW of PEM fuel cells 
and a 35kW H2 genset. Th e system 
was inaugurated in October 2012.

Figure 1:  Bozcaada Island Wind-solar H2 Project



HYDROGEN IMPLEMENTING AGREEMENT

H I A

2

UNIDO

Figure 2:  Hydrogen Fuelled 
3-Wheeled Vehicles in New 
Delhi

Figure 3:  H2 and FC Boat

Development of Hydrogen Fuelled 3-Wheeled Vehicles in New Delhi

Th is project that was launched in March 2009 fi nally came to a completion in December 
2011. Its aim was to develop and demonstrate a fl eet of fi fteen 3-wheeler vehicles in 
Pragati Maydan exhibition ground in New Delhi, complete with a hydrogen refueling 
infrastructure. Modifi cations were made to the engines, fuel tanks and fuel lines of the 
vehicles along with the engine control unit. Th e project partners are IIT Delhi, Mahindra 
and Mahindra, Air Products and UNIDO India. UNIDO ICHET provided 50% of the 
US$ 1M project budget. Air Products provided the S100 refueler along with expertise. Th e 
fl eet of vehicles consisting of 5 cargo (picture) and 10 passenger vehicles was developed 
well in time. However permissions to operate the refueling facility and the vehicles took 
almost a year to obtain from the respective Indian authority (PESO) due to the fact that 
hydrogen is a new fuel. Inauguration of the fl eet and the refueling facility was planned for 
January 2012.

Hydrogen Production and Filling Station on the Golden Horn 

Th is $US 2M project is funded by ICHET and involves the erection of a 
facility on the Golden Horn of Istanbul for the production of hydrogen 
through electrolysis (30 Nm3/hr), its compression and storage at 440 bar 
and the dispensing of hydrogen to a hydrogen bus (40kg per day) and a 
hydrogen ship (25kg per day). Th e electrolyser and compressor modules 
have been built the respective containers and were shipped to Istanbul for 
delivery in early 2012. A delay has been announced in terms of delivering 
the hydrogen storage tanks.

Missions to Developing Countries

Missions were realized to Iran, Th ailand and Malaysia. Th ere are more than 500 researchers 
and more than 50 institutions active in hydrogen and fuel cell research in Iran. Pilot and 
laboratory facilities focus on hydrogen from renewables and fuel cells. Th ere is potential 
for hydrogen applications in the transport sector of Th ailand in terms of converting the 
rickshaws to run on hydrogen. Similarly, there is potential to realize a pilot hydrogen 
community project in Malaysia focusing on the local Proton vehicle manufacturer that is 
active in H2 and FC projects through their Lotus subsidiary in the UK.

Technology Demonstrators

Th ree H2 and FC powered boats have been developed by respective 
Turkish universities where ICHET provided 8kW PEM FCs and support 
for their installation and integration. A 5kW FC-based UPS system was 
installed at OSTIM of the Turkish Ministry of Science Industry and 
Technology.

Training, Committees. ICHET co-organized with the EC Joint Research 
Centre the 4th Summer School on PEM Fuel Cells took place in Izmir 
Institute of Technology campus in Urla, Izmir on July 11-15, 2011. It 
was attended by a total of 42 MSc, PhD students, and lecturers from 20 
countries. A short course on FCs and a workshop on fuel cell modeling 

were also organised. ICHET launched an initiative with the Turkish Standards Institute 
(TSE) to develop and implement hydrogen and fuel cell standards in Turkey.  
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EC Projects

ICHET is a partner in three JU projects, namely FITUP, SHEL and Hy-professionals. 
FITUP involves the application of PEM FC-based UPS systems in mobile phone relay 
stations. SHEL deals with the development of a small fl eet of H2 and FC-powered 
forklifts to be demonstrated in three locations in Europe. Lastly, Hy-professionals involves 
the development of educational programmes and training initiatives related to hydrogen 
technologies and fuel cells in Europe. 

ICHET Laboratories

Laboratory infrastructure has been improved in order to conduct long-term tests for the 
FITUP project. Also 2 kW and 12 kW test stations have been commissioned. ICHET 
Labs were used for the testing of 48kW PEM FCs that are to be installed in a hydrogen 
ship as primary power for propulsion units.

Figure 4: ICHET Labs

REFERENCES 

http://www.unido-ichet.org/, http://www.unido.org/ 

CONTACT INFORMATION

Tel: +90-212-4164848 

Fax: +90-212-4168947

e-mail:  nlymberopoulos@unido-ichet.org  
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VITAL STATISTICS
Population1 
313,847,465 (July 2012 est.) 

Territory1 
Total Area: 9,826,675 km2

Land: 9,161,966 km2

Water: 664,709 km2

Capital
Washington, DC

GDP1 
$15.04 trillion (2011 est.)

GDP/capita1 
$48,100 (2011 est.)

Recent average GDP 
Growth1 
1.5% real growth rate (2011 est.)

Electricity1  

Production 
3.953 trillion kWh (2009 est.)

Consumption 
3.741 trillion kWh (2009 est.)

Energy Production2 
(Quadrillion Btu, 2010)

Fossil Fuels 
58,527
Coal: 22.077
Natural Gas (dry): 22.095
Crude Oil: 11.669
NGPL: 2.686
Nuclear Electric Power
8.441

Renewable Energy 
8.084 

Total Production 
75,031

UNITED STATES

Dr. Eric L. Miller

U.S. Department of Energy (DOE)

Offi  ce of Energy Effi  ciency and Renewable Energy

Fuel Cell Technologies Program

INTRODUCTION AND BACKGROUND

Th e Department of Energy Hydrogen and Fuel Cells Program (the Program) conducts 
comprehensive eff orts to enable the widespread commercialization of hydrogen and 
fuel cell technologies in diverse sectors of the economy. Th e Program is coordinated 
across the Department of Energy (DOE or the Department), including activities in 
the offi  ces of Energy Effi  ciency and Renewable Energy (EERE), Science (SC), Nuclear 
Energy (NE), and Fossil Energy (FE), and it is aligned with DOE’s strategic vision and 
goals—its eff orts will help to secure U.S. leadership in clean energy technologies and 
advance U.S. economic competitiveness and scientifi c innovation. With emphasis on 
applications that will most eff ectively strengthen our nation’s energy security and improve 
our stewardship of the environment, the Program engages in research, development, and 
demonstration (RD&D) of critical improvements in the technologies, as well as diverse 
activities to overcome economic and institutional obstacles to commercialization.  Th e 
Program addresses the full range of challenges facing the development and deployment of 
hydrogen and fuel cell technologies by integrating basic and applied research, technology 
development and demonstration, and other supporting activities.  

UPDATE ON MEMBER’S ENERGY FRAMEWORK

In fi scal year (FY) 2011, Congress appropriated approximately $150 million for the DOE 
Hydrogen and Fuel Cells Program. Th e Program is organized into distinct sub-programs 
focused on specifi c areas of RD&D, as well as other activities to address non-technical 
challenges.  More detailed discussions of Program activities and plans can be found in 
EERE’s Fuel Cell Technologies Program Multi-Year RD&D Plan; FE’s Hydrogen from 
Coal RD&D Plan; and SC’s Basic Research Needs for the Hydrogen Economy.  All of these 
documents are available at www.hydrogen.energy.gov/program_plans.html. In the past 
year, the Program made substantial progress toward its goals and objectives.  Highlights 
of the Program’s accomplishments in hydrogen related RD&D are documented in the US 
DOE Hydrogen and Fuel Cells Program 2011 Annual Progress Report1, and summarized 
below.  

HYDROGEN RD&D SPECIFICS

HYDROGEN PRODUCTION

Th e FY 2011 Hydrogen Production sub-program continued to focus on developing 
technologies that enable the long-term viability of hydrogen as an energy carrier for a 
diverse range of end-use applications, including stationary power, backup power, specialty 
vehicles, transportation, and portable power.  In FY 2011, the sub-program continued 
to make progress in several key areas, including autothermal reforming of bio-derived 
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Energy Consumption2 
(Quadrillion Btu, 2010)

Fossil Fuels 
81.425 

Nuclear Electric Power 
8.441

Renewable Energy 
8.049

Total Consumption 
98.003

Energy Imports2 
(Quadrillion Btu, 2010)

Petroleum 
25.290

Total Imports 
29.792

1 https://www.cia.gov/library/
publications/the-world-factbook/
geos/us.html 
2 http://www.eia.doe.gov/emeu/
aer/overview.html 

liquids, electrolysis, photoelectrochemical (PEC) hydrogen production, and biological 
hydrogen production.  In the area of bio-derived liquids, increases in process effi  ciency 
from 47% to 62% and increases in yield from 7.4g to 10.1g hydrogen per 100g bio-oil 
were achieved for bench-scale tests of catalytic steam reforming of pyrolysis oil as a result 
of improvements in catalyst performance through the use of a 0.5% Pt/Al2O3 BASF 
catalyst.  Progress in the area of electrolysis included demonstration of a proton exchange 
membrane (PEM) electrolyzer incorporating advanced low-cost membrane electrode 
assemblies (MEAs) with chemically etched supports.   Due to improvements in MEAs 
and fl ow fi elds and reductions in catalyst loading, the projected capital cost of electrolyzer 
stacks was reduced to less than $400/kW, representing a cost reduction of more than 
10% relative to 2010 projections. In the area of photoelectrochemical (PEC) hydrogen 
production, the Program demonstrated exceptional stability in quantum-confi ned MoS2 
nanoparticle photocatalysts with bandgaps optimized at 1.8eV, showing stable operation 
over 10,000 voltage cycles of accelerated lifetime testing.  In complementary work, 
novel macroporous scaff olds, which are transparent and conductive, were developed as 
electrode substrates to support PEC photocatalyst materials, such as MoS2, in high-
effi  ciency devices. Finally, in the area of biological hydrogen production, the gene 
mutation responsible for the decrease in chlorophyll antenna size, previously observed 
to increase light utilization effi  ciency to 15% from 3% in wild-type organisms, was 
identifi ed and characterized.  Eff orts to identify the mutation responsible for light 
utilization of up to 25% are ongoing, along with R&D to optimize hydrogen production 
in microalgal cultures.

HYDROGEN DELIVERY

Hydrogen Delivery sub-program activities continued to focus on reducing the cost and 
increasing the energy effi  ciency of hydrogen delivery, to enable the widespread use of 
hydrogen as an energy carrier.  In FY 2011, the sub-program continued to make progress 
in all major areas, including the following examples.  A design trade study for a 5,000 
pounds per square inch (psi) vessel was completed; this showed a projected 33% increase 
in capacity at 15°C and ~10% reduction in capital cost (on a per kilogram of transported 
hydrogen basis).  In addition, burst testing on fi ber reinforced polymer (FRP) pipe with 
40% through-wall fl aws was also completed and demonstrated a 3x margin above the 
rated pressure for the pipe. Researchers also showed that industry-standard compression 
fi ttings will meet Department of Transportation (DOT) requirements for joint leakage 
between pipe segments.  FY 2011 also saw the development of a two-stage electrochemical 
hydrogen compressor that achieved 420 bar of compression.  

HYDROGEN PRODUCTION AND DELIVERY COST STATUS

As shown in Figure 1, signifi cant progress has been made in cost reductions for several 
hydrogen production pathways in recent years. Th e Hydrogen Th reshold Cost2 shown in 
the plots represents the cost at which hydrogen fuel cell electric vehicles are projected to 
become competitive on a cost-per-mile basis with competing vehicles (gasoline hybrid-
electric vehicles) in 2020.  Natural gas reforming already meets the threshold cost criteria, 
and several of the other near-term technologies, particularly at the low end of the major 
feedstock cost, continue to approach the threshold.
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Figure 1: Hydrogen production 
and delivery cost status shown 
for near term pathways with 
sensitivities to major feedstock 
costs.  

Notes: (i) Costs shown include all delivery 
and dispensing costs, but do not include 
taxes. A cost of $1.80 for forecourt 
compression, storage, and dispensing is 
included for distributed technologies, and 
$2.60 is included as the total cost of delivery
(including transportation, compression, 
storage, and dispensing) for centralized 
technologies. All delivery costs are based on 
the Hydrogen Pathways Technical Report 
(NREL, 2009). Projections of distributed 
costs assume station capacities of 1,500 
kg/ day, with 500 stations built per year. 
Projections of centralized production costs 
assume capacities of ≥50,000 kg/day. Cost 
ranges for each pathway are shown in 2007 
dollars, based on high-volume projections 
from H2A analyses, refl ecting variability 
in major feedstock pricing and a bounded 
range for capital cost estimates. (ii) DOE 
funding of natural gas reforming projects 
was completed in 2009 due to achievement 
of the threshold cost. Incremental 
improvements will continue to be made by 
industry. (iii) High-temperature electrolysis 
activities are ongoing under the Next 
Generation Nuclear Plant Program.

HYDROGEN STORAGE 

In FY 2011, the Hydrogen Storage sub-program’s materials-discovery projects developed 
a number of new materials and improved the performance of other materials. Key 
accomplishments in FY 2011 include: characterization of high surface area sorbents 
with specifi c surface areas greater than 6000 m2 per gram and excess hydrogen sorption 
capacities exceeding 8% by weight at 77 K; demonstration of cycling of Mg(BH4)2 at 
hydrogen capacities greater than 12% by weight under high-temperature and high-pressure 
conditions; demonstration of alane slurry with 60% capacity by weight and with kinetics 
exceeding non-slurried alane; and determination that thermal stability of ionic liquids is 
dominated by choice of cation.  Th e Hydrogen Storage Engineering Center of Excellence 
(HSECoE) completed a baseline assessment of storage system models for reversible metal 
hydrides, cryo-sorbents, and both solid- and liquid-phase off -board regenerable chemical 
hydrogen storage material systems. Th e HSECoE assessed these models against the full 
set of DOE onboard storage targets.  Also in FY 2011, the sub-program increased its 
emphasis on reducing the cost of compressed hydrogen gas storage tanks by initiating new 
eff orts on low-cost, high-strength carbon fi ber.  Inexpensive storage vessels for compressed 
hydrogen gas are considered the most likely near-term hydrogen storage solution for the 
initial commercialization of FCEVs, as well as for other early market applications.

TECHNOLOGY VALIDATION

Th e Technology Validation sub-program demonstrates, tests, and validates hydrogen and 
fuel cell technologies and uses the results to provide feedback to the Program’s R&D 
activities. Th e Technology Validation sub-program has been focused on conducting 
learning demonstrations that emphasize co-development and integration of hydrogen 
infrastructure with fuel cell electric vehicles (FCEVs) to permit industry to assess 
progress toward technology readiness.  As the vehicle and infrastructure demonstrations 
are coming to a close, the sub-program is increasing its focus on other areas, such as 
combined hydrogen, heat, and power (tri-generation or CHHP) as well as stationary 
power applications. A major accomplishment in FY 2011 was demonstrating the world’s 
fi rst fuel cell energy station that produces electric power and hydrogen from wastewater 
treatment gas.  Th e energy station provides hydrogen as a transportation fuel to the public 
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and electric power to the wastewater treatment facility; it also has the potential to operate 
in “trigeneration” (or combined-heat-hydrogen-and-power) mode, if waste heat from the 
fuel cell is captured and provided to the facility.   Th e energy station began operation at 
the Orange County Sanitation District’s facility in Fountain Valley, California, sending 
the fi rst hydrogen to a fueling station for FCEVs in February 2011.  Th e combined co-
production effi  ciency of hydrogen and power was 54% at the energy station, exceeding 
DOE’s target of 50% for FY 2011.

SAFETY, CODES, AND STANDARDS

Th e Safety, Codes, and Standards sub-program continued to support critical R&D to 
establish key requirements and address knowledge gaps in safety, codes and standards.   
Building on work from previous years, the sub-program continued to facilitate 
collaborative activities among relevant stakeholders in an eff ort to harmonize domestic 
and international regulations, codes, and standards (RCS).   Signifi cant accomplishments 
include the development of NFPA 2:  Hydrogen Technologies Code, which consolidates 
all building codes and requirements for hydrogen installations in the United States into a 
single document.  NFPA 2 also includes a Qualitative Risk Assessment (QRA) introduced 
by DOE for separation distances for hydrogen bulk storage.  Another achievement was 
the development of an international hydrogen fuel specifi cation standard (ISO TC 197 
WG 12), which was led by the United States and ensures performance and durability 
of PEM fuel cells.  In addition, a fi nal draft of a Global Technical Regulation (GTR) 
for hydrogen-fueled vehicles has been submitted to the UN Economic Commission for 
Europe.  Th e sub-program also took a leadership role in international coordination by 
co-organizing the International Conference on Hydrogen Safety in California with Sandia 
National Laboratories.

EDUCATION

To support early market outreach, the Education sub-program implemented several 
end-user, state and local government, and safety and code offi  cial education activities.  
Videos were developed to be aired on TV and posted online to YouTube and other sites, 
including the development of two segments for Motorweek entitled “Hydrogen and Fuel 
Cells Emerging Markets” and “Vehicles and Infrastructure Update.”  In FY 2011, the 
sub-program also organized, publicized, and facilitated ten webinars on hydrogen and fuel 
cell topics of interest to state policymakers, local leaders, and end users, including: “Th e 
Top 5 Fuel Cell States: Why Local Policies Mean Green Growth,” “Hydrogen and First 
Responders,” “Financing Fuel Cell Installations,” and others.  

SYSTEMS ANALYSIS AND INTEGRATION

Systems Analysis supports decision-making by providing a greater understanding of 
technology gaps, options, and risks.  Analysis is also conducted to assess cross-cutting 
issues, such as integration with the electrical sector and use of renewable fuels.  Particular 
emphasis is given to assessing stationary fuel cell applications, fuel quality impacts on fuel 
cell performance, resource needs, and potential infrastructure options.   Accomplishments 
in FY 2011 include the development of a hydrogen cost threshold in the range of $2–$4/
gge (in 2007 dollars) to assist DOE in focusing and prioritizing R&D options.  Th e cost 
threshold represents the cost at which hydrogen fuel cell electric vehicles (FCEVs) are 
projected to become competitive on a cost-per-mile basis with the competing fuel/vehicle 
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combination—gasoline in hybrid-electric vehicles (HEVs). A graphical representation of 
the hydrogen threshold, relative to current projected production and delivery costs was 
shown in fi gure 1 in the “Hydrogen Production and Delivery Cost Status” section.  In 
addition, infrastructure analysis revealed that synergies between fuel cells for stationary 
power generation and transportation could be realized in the early phases of market 
adoption of hydrogen for light duty fuel cell vehicles.  Model results that indicate 
hydrogen produced from combined-heat-hydrogen-and-power (CHHP) systems could 
result in smaller stations with higher capital utilization and lower hydrogen cost; this 
hydrogen could supplement hydrogen supplied from distributed natural gas–based steam 
methane reforming, particularly for the early years of FCEV penetration scenarios where 
hydrogen demand and station sizes are initially small.

TRACKING THE COMMERCIALIZATION OF TECHNOLOGIES 

One indicator of the robustness and innovative vitality of an R&D program is the number 
of patents applied for and granted, and the number of technologies commercialized. Th e 
Program continued to assess the commercial benefi ts of Program funding by tracking the 
commercial products and technologies developed with the support of the EERE Fuel Cell 
Technologies Program3.  DOE-funded R&D has resulted in more than 310 patents and 
more than 60 emerging technologies while 30 hydrogen and fuel cell technologies have 
entered the market.2   DOE also tracks the impact of its funding in terms of industry 
revenues and investment—for example, $70 million in funding for specifi c projects that 
were tracked was found to have led to more than $200 million in industry revenues and 
investment.

Figure 2: Cumulative Number of Commercially Available Technologies Developed with Funding 
from the Fuel Cell Technologies Program.
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ENDNOTES

Satyapal, Sunita, Program Manager, DOE EERE Fuel Cell Technologies, Introduction to the 2011 
Annual Progress Report for the DOE Hydrogen  and Fuel Cells Program: http://www.hydrogen.
energy.gov/pdfs/progress11/i_introduction_2011.pdf

DOE Hydrogen and Fuel Cells Program Record #11012: http://hydrogen.energy.gov/pdfs/11007_
h2_threshold_costs.pdf 

Pacifi c Northwest National Laboratory, Pathways to Commercial Success: Technologies and 
Products Supported by Th e Fuel Cell Technologies Program, 2011: http://www1.eere.energy.gov/
hydrogenandfuelcells/pdfs/pathways_2011.pdf 

REFERENCES

DOE EERE-FCT WEBSITES:

http://www.eere.energy.gov/topics/hydrogen_fuel_cells.html

http://www.hydrogen.energy.gov/

http://www.hydrogen.energy.gov/roadmaps_vision.html 

http://www.hydrogen.energy.gov/annual_progress.html

http://www.hydrogen.energy.gov/annual_review.html 

CONTACT INFORMATION
Eric L. Miller
Fuel Cell Technologies Program 
U.S. Department of Energy, EE-2H
1000 Independence Ave., SW
Washington, DC 20585
eric.miller@ee.doe.gov
Tel.: 202-287-5829
BB:  202-431-3075
Fax: 202-586-9811
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TASK 21

BIO-INSPIRED 
HYDROGEN AND 
BIOHYDROGEN
Michael Seibert

National Renewable 
Energy Laboratory

1617 Cole Blvd.

Golden, CO 80401 USA

mike.seibert@nrel.gov

1-303-384-6279
Operating Agent for USA

VITAL STATISTICS

Term
Phase 1: 2010-2013 
Phase 2: 2013-2015

Members
Australia
Canada
Finland
France
Germany
Italy
Japan
Korea
The Netherlands
Norway
Sweden
Turkey
UK 
USA

Expert Participants
29 experts from 14 countries

PURPOSE

Bio-inspired Hydrogen and BioHydrogen (microbial) production processes have 
been active fi elds of basic and applied research for many years, with signifi cant R&D 
programs currently carried out around the world. Task 21 is carrying out collaborative 
research activities in areas, which include H2 production using in vitro, biomimetic, and 
artifi cial photosynthetic systems; photosynthetic microbes; dark bacterial fermentations; 
biological/enzymatic fuel cells; and integrated combinations of these technologies. Th e 
overall objective is not only to suffi  ciently advance basic and applied science in these 
areas of research over a fi ve-year period, but also to evaluate these technologies from the 
perspective of economics and sociology. A fi ve-year period is considered to be suffi  cient 
time to initiate a signifi cant directed research program, set metrics for evaluation of the 
developmental status and promise of this fi eld of research and technology, and achieve 
some major advances.

FRAMEWORK SUMMARY

Th e Task covers the following 5 subtasks: A. Bio-inspired systems (i.e., identify and 
develop promising applications of biomimetic, in vitro, and artifi cial photosynthetic H2-
producing processes—Marc Rousset, France, Subtask Leader); B.  Dark biohydrogen 
fermentation systems (i.e., increase achievable H2 production from substrates above the 
currently achievable yields—Patrick Hallenbeck, Canada, Subtask Leader); C. Basic studies 
for light-driven biohydrogen production (demonstrate potential practical processes for 
conversion of water or organic substrates to H2 with solar energy input—Peter Lindblad, 
Sweden, Subtask Leader); D. Biological electrochemical systems (identify and develop 
promising applications of microbial/enzymatic electrochemical cells for H2-production 
processes, Alan Guwy, UK, Subtask Leader); and E. Overall analysis (determine how 
to introduce bio-inspired hydrogen and biohydrogen processes as new technologies in 
support of the coming H2 society; analyze technologies from the economic, technological, 
and societal point of view—Jun Miyake, Japan, Subtask Leader).

STATUS OF THE TECHNOLOGY

STATUS OF TECHNOLOGY

Subtasks A—D have major Basic Research, Applied 
Research, and Critical Function elements; Subtasks 
B and D in addition have Laboratory Testing and 
Prototype System Verifi cation elements; Subtask 
B has an Integrated Pilot System Demonstration 
element; and Subtask E has a Program Management 
and Market Development element.

TECHNOLOGY READINESS LEVEL

Dark biohydrogen fermentation systems are at the 
Technology Readiness Level (TRL) 7 (Integrated 
Pilot System Demonstration) level and biological 
electrochemical systems are at the TRL 6 (Prototype 
System Verifi cation) level. All other projects in 
Subtasks A-D are at the TRL 1–3 (Basic Research, 
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2011 Meetings
February 28-March 1, 2011

Singapore

September 6-7, 2011

Istanbul, Turkey

Applied Research, and Critical Function, respectively) levels with the exception of Subtask 
E, which is a TRL 10 (Market Analysis) task.

MEMBERS

TASK MEMBER AND EXPERT TABLE (ATTACHED HERE AND PREVIOUSLY PROVIDED) 

COUNTRY NAME COMPANY/UNIVERSITY  (CATEGORY)

Australia Ben Hankemar University of Queensland  (Univ)

Canada Hallenbeck, Patrick Subtask Ldr Dept. of Microbiology and Immunology, University of Montreal  
(Univ)

France Rousset, Marc Subtask Ldr CNRS Marseille  (Gov)

France Cournac, Laurent CEA Cadarache  (Gov)

Finland Puhakka, Jaakko Department of Chemistry and Bioengineering,Tampere 
University of Technology (Univ)

Finland Aro, Eva-Mari University of Turku  (Univ)

Germany Schulz, Rüdiger Botanisches Institut und Botanischer Garten, Christian-
Albrechts-Universitat  (Univ)

Italy Torzillo, Giuseppe CNR - Istituto per lo Studio degli Ecosistemi  (Gov)

Italy De Philippis, Roberto Dept. of Agricultural Biotechnology, University of Florence  
(Univ)

Japan Miyake, Jun  Subtask Ldr Dept.of Mechanical Science and Bioengineering, University of 
Osaka  (Univ)

Japan Tomiyama, Masamitsu National Institute of Agrobiological Sciences

Japan Wakayama, Tatsuki INPEX Corp. (Ind)                                                                       

Korea Kim, Mi-Sun Bioenergy Research Center, Korea Institute of Energy Research 
(Res. Inst.)

Korea Kim, Dong Hoon Bioenergy Research Center, Korea Institute of Energy Research  
(Res. Inst.)

Th e 
Netherlands Stams, Fons  Wageningen UR & Food Biobased Research   (Univ)

Th e 
Netherlands Mars, Astrid Wageningen UR & Food Biobased Research   (Univ)

Th e 
Netherlands Kergen, Serge Wageningen UR & Food Biobased Research   (Univ)

Norway Skjänes, Kari Bioforsk  (Ind)

Norway Birkeland, Nils-KÃ¥re  University of Bergen  (Univ)

Sweden Lindblad, Peter Microbioal Chemistry, Dept. Photochemistry and Molecular 
Science, Th e Ångstrom Laboratories, Upsalla University  (Univ)

Sweden Sellstedt, Anita Dept.of Plant Physiology, Umeå University  (Univ)

Turkey Eroglu, Inci Dept. of Chemical Engineering, Middle East Technical University  
(Univ)

Turkey Yucel, Meral Dept. of Biological Sciences, Molecular Biology & Biotechnology 
R&D Center, Middle East Technical University  (Univ)    

Turkey Özturk, Yavuz Genetic Engineering and Biotechnology Institute (Gov)

United 
Kingdom Guwy, Alan J.  Subtask Ldr University of Glamorgan  (Univ)

United States Seibert, Michael Energy Sciences Directorate, NREL  (Gov)

United States Maria Ghirardi Photobiology Group, NREL  (Gov)
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GROWTH/CHANGES IN MEMBER AND/OR EXPERT PARTICIPANT 
COMPOSITION

Since the last Annual Report, Task 21 has added one new country (Australia), added two 
new Experts, and lost one Expert.

ACTIVITIES AND RESULTS IN 2011

PROGRESS AND ACCOMPLISHMENTS

Subtask A. Bio-inspired H2-producing Systems

Th ree groups from the USA and one group from Sweden reported signifi cant advances 
in the synthesis of water-oxidation catalysts using earth abundant metals (Co, W, P, and 
Mn) for use in artifi cial photosynthetic systems to produce reductant for the generation of 
H2 from water. Mechanisms to explain the water-oxidation process were also advanced. 
Other groups from the USA reported complexes that can catalytically generate gaseous 
H2 either from water at neutral pH or from sea water and that might reveal the potential 
roles of the metals found in the natural photosynthetic Mn4Ca water-oxidizing cluster. At 
least three other USA groups are also working on similar catalysts. Furthermore, groups 
from France and the USA reported H2-production catalysts that mimic the activities 
of [FeFe]- and [NiFe]-hydrogenases (hydrogenases—enzymes that microbes use to 
release H2 gas). Th e idea here is to develop replacements for natural enzymes for use in 
constructing biomimetic or artifi cial photosynthetic systems that produce H2, or in the 
case of hydrogenase mimics, replace the need platinum in fuel cells.

A key milestone (demonstrate the synthesis of functioning water-oxidation and H2-
production catalysts that do not contain noble metals) was reached by the DuBois group 
(PNNL, USA), who reported that a synthetic nickel complex, [Ni(PPh2NPh)2](BF4)2 
(see Figure) catalyzes the production of H2 with record turnover frequencies of 33,000 
s−1 in dry acetonitrile and 106,000 s−1 in 1.2 M water at a low over potential.

Subtask B. Dark Biohydrogen Fermentation Systems 

Th is subtask is one of the most active, 
with fi ve countries having reported 
contributions in the last year. Researchers 
from (i) Canada reported that application of 
sonic energy directly inside a fermentation 
bioreactor (SBHR) almost doubles the 
H2-production rates and yields, and that 
zeolite adsorbants can be used to purify 
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fermentation gas streams (separate CO2 from H2); (ii) Finland’s H2-production studies 
using dark fermentation focused on the eff ects of chemical and biological hydrolysis of 
cellulose for subsequent fermentative H2 production. Microbial cultures producing H2 
from these substrates and operating at elevated temperatures (59–78oC) were successfully 
enriched and characterized from diff erent origins, such as hot springs, an underground 
mine, compost, and cow rumen. Eff ects of process parameters, metabolic pathways, and 
microbial communities were also reported; (iii) Korea in collaboration with Norway 
reported the fi rst use of marine algae as a feedstock for dark, fermentative H2 production, 
and Korea, exploring the use of sonication, found that algae cells were signifi cantly 
damaged during sonication, that carbohydrates diff used out of the microalgal interiors, 
increasing bioaccessibility and bioavailability of the biomass, and that the cumulative 
bioenergy (ethanol/H2) production after long-term sonication was almost 7 times 
higher  than that after short-term treatment or the control; and (iv) Sweden reported a 
hydrogenase, found in Frankia, with high O2 tolerance that shows potential for expression 
in algal or cyanobacterial systems for use in improving H2 photoproduction.

In the completion of a key milestone (scale up a H2-producing fermentation technology 
with industrial support), Japan reported that the Sapporo Brewery in collaboration with 
Petrogas and the  Ergostech Company in Brazil  is constructing a pilot plant to produce 
Biohydrogen from beer waste water in a plant located in Campinas, Brazil. 

Subtask C. Basic Studies of Light-driven BioH2 Production

Examples of many technology advances in this area are listed: (i) Germany reported 
antenna-depleted cyanobacterial mutants generated to increase the eff ective content of 
photosystem II reaction centers in the organism. Th e antenna-mutants also exhibited 
higher cell density. As reported below with the green alga, C. reinhardtii, the goal of this 
approach is to increase the amount of H2 that can be produced per unit photobioreactor 
surface area; (ii) Finland screened the UHCC (Univ. of Helsinki Cyanobacterial Culture) 
collection for strains that exhibited enhanced H2 photo production. Th e 10 best strains 
were further examined for optimal culture conditions to enhance their capacity for H2 
production. Furthermore, Chalothrix species were immobilized within a thin alginate 
fi lm in order to achieve long-term H2 production as has been done with bacteria and 
algae below; (iii) Italy demonstrated the feasibility of producing H2 outdoors, using the 
photosynthetic bacterium, R. palustris, and that the culture performance can be improved 
with a better photobioreactor design (currently hampered by an overly long mixing 
time).  Sustained H2 photoproduction was also observed in Rhodopseudomonas palustris 
GCA009 NifA1976 (obtained from Harwood, USA), which is impaired in ammonia-
regulation of its nitrogenase. Th e mutant showed undiminished H2 production even in the 
presence of 10 mM ammonia, which will increase the range of substrate material that this 
type of organism can process; (iv) Norway constructed a new type of bioreactor system for 
algal cultivation and subsequent H2 production. Th e bioreactor design (in collaboration 
with India) is based on a fl at plate reactor, which can be used in two diff erent ways. For 
algae cultivation, the culture compartment is positioned vertically with an air bubbling 
tube for mixing and CO2 addition. For the following H2-production step, the culture 
compartment of the reactor is positioned horizontally with a rocking motion facilitated by 
an engine/gearbox where the rocking speed and angles can be varied; (v) Turkey examined 
photofermen-tative H2 production with agar-immobilized R. capsulatus DSM1710 
and R. capsulatus YO3 (hup-) in 1L panel photobioreactors. Compared to suspension 
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cultures, immobilization resulted in higher yields and productivities over 60 days under 
indoor conditions with continuous illumination. Outdoor experiments with liquid 
cultures of these strains were carried out during winter months to test low temperature 
and light, and summer months to test high temperature and light on biomass yield, H2 
productivity, and H2 yields. A linear relationship was observed between the daily yield 
factor (mol H2/gdcw) and the daily total global solar radiation. Turkey also demonstrated 
continuous photofermentative H2 production on real, dark fermenter effl  uents in stable 
scale-up operations for up to 5 months using 4L panel photobioreactors. A pilot scale 
(100L) tubular photobioreator with internal cooling coils was also operated under outdoor 
conditions using dark fermenter effl  uents of thick juice and molasses; and (vi) Th e USA 
reported a new H2-producing marine cyanobacterium that can produce large amounts 
of H2 (up to 900 ml/l in 2.5 days) photomixotrophically under aerobic conditions in 
the presence of 50 mM glycerol, the transformation of a clostridial [FeFe]-hydrogenase 
in a cyanobacterium, provided defi nitive proof that algae with a truncated antenna 
produce more H2 per culture surface area at high light intensity than do WT algae, and 
showed that a fused photosystem I-ferredoxin-hydrogenase protein complex (see fi gure) 
in vitro preferred H2 production vs NADP+ reduction (CO2 fi xation). Th is last work 
demonstrated that it is possible to engineer a bio-hybrid system that can overcome the 
natural tendency of photosynthesis to fi x carbon rather than produce H2.  

Subtask D. Biological Electrochemical Systems

In a microbial electrolysis cell (MEC), electricity 
is used for the reduction of protons to H2 gas at 
the cathode, using electrons derived from the 
degradation of organic compounds at the anode. 
Th e Netherlands reported that to reduce cost the 
metabolic properties of G. sulfurreducens for 
acetate oxidation at the anode and H2 production 
at the cathode were combined in one-compartment, 
membraneless MECs operated at applied voltages 
of 0.8 and 0.65 V. H2 was produced in this 
confi guration.       

Fulfi lling a key milestone (demonstrate a pilot-
scale MEC device), researchers from Penn State 
with engineering services supplied by Brown and 
Caldwell announced the fi rst small industrial-scale 
demonstration of an MEC device (see fi gure) for 
BioH2 production at the Napa Wine Company, in 
Oakville, CA 
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Subtask E. Overall Analysis

Two major analysis eff orts have been completed. Th e fi rst, a feasibility study, released 
by Hiroshima University in Japan, outlining an integrated system that would use waste 
glycerol (from biodiesel production) to produce a suite of fuels, including additional 
biodiesel, H2, and ethanol. Th e second was a new Science article, published by a group of 
distinguished researchers in the USA, which compared photosynthetic and photovoltaic 
solar conversion effi  ciencies. Th e analysis considered opportunities in which the frontiers 
of synthetic biology might be used to enhance natural photosynthesis for improving solar 
energy conversion effi  ciency. 

Japan reported the completion of a milestone (develop cost information for the industrial 
scale-up of a 2-stage Biohydrogen/ Biomethane plant) related to the Sapporo Brewery/
Petrogas/ Ergostech Company pilot plant collaboration in Brazil. Sapporo carried out a 
feasibility study estimating the projected capital cost of a small scale ($36 million) and 
large-scale ($1.2 billion; ~40JPY/Nm3-H2) BioH2 facility. A small facility is under 
construction at the Ergostech Company facility near Sao Paulo, Brazil.

OUTREACH AND COMMUNICATION 

Summary of Strategy and Activities 

Task 21 has been active in promoting research collaboration between member countries. 
Currently there are 17 formal collaborations between member countries and internal 
collaborations among four countries, all catalyzed by the association with Task 21. 

Th e most transparent means of outreach and communication is through the peer review 
literature and presentations at international meetings. Task meetings, whenever possible, 
are held as satellite meetings of large international conferences (the last two task meetings 
were held in conjunction with the Keystone Symposium on Biofuels in Singapore and 
SET 2011, the 10th International Conference on Sustainable Energy Technologies in 
Istanbul.

Task 21 Communication and Outreach Table 2011

PUBLICATION /  PRESENTATION NAME PUBS PRES OTHER

Task 21 "Bio-inspired Hydrogen and Biohydrogen" 204

Ph.D. dissertations 15

M.S. theses 2

Patents 11

Task 21 "Bio-inspired Hydrogen and Biohydrogen 1

Lectures at scientifi c meetings and universities 28

Task 21 "Bio-inspired Hydrogen and Biohydrogen 1

Task 21 "Bio-inspired Hydrogen and Biohydrogen" 1

Task 21 "Bio-inspired Hydrogen and Biohydrogen" 1

TOTAL 232 28 4

Task 21 Experts reported 204 peer-review publications, including 18 publications in 
high impact journals (Nature, Science, PNAS, and JACS) and 54 publications in the 
International Journal of Hydrogen Research (the world’s premier H2 research journal).
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Task websites  

Task 21 maintains a private website for the benefi t of all task experts. Th e site is a 
repository for country report presentations given at semi-annual task meetings, country 
and task semi-annual reports, task meeting minutes, lists of task publications, and other 
materials that task Experts might fi nd useful.

REFERENCES 

SELECTED KEY PUBLICATIONS

Please see Task 21 Bibliography on IEA HIA website at 
http://ieahia.org/pages/static/task21.htm.
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TASK 22

FUNDAMENTAL 
AND APPLIED 
HYDROGEN 
STORAGE 
MATERIALS 
DEVELOPMENT
Professor Bjørn C. Hauback
Institute for Energy Technology
P.O. Box 40, NO-2027 
Kjeller, Norway

bjorn.hauback@ife.no
Operating Agent for Norway

VITAL STATISTICS 

Term
Phase 1: 2006-2009 
Phase 2: 2009-2012

Members (17 countries) 
Australia
Canada
Denmark
France
Germany
Greece
Iceland
Italy
Japan
Korea
Lithuania
Norway
Netherlands
Sweden
Switzerland
United Kingdom
USA

PURPOSE

Task 22 addresses hydrogen storage in solid materials. The specifi c goals and 
objectives for research on hydrogen storage materials in Task 22 are:

• Develop a reversible or regenerative hydrogen storage medium fulfi lling international 
targets for hydrogen storage.

• Develop the fundamental and engineering understanding of hydrogen storage by various 
hydrogen storage media that have the capability of meeting Target A.

• Develop hydrogen storage materials and systems for use in mobile and stationary 
applications and also other potential energy related applications, for example in batteries.

STATUS OF THE TECHNOLOGY

STATUS OF THE TECHNOLOGY

Hydrogen storage remains an undisputed problem that is considered by many to be 
the most technologically challenging aspect of achieving a hydrogen-based economy. 
Furthermore, it is clear that compressed or liquid hydrogen will never meet the long-term 
goals related to gravimetric and volumetric capacities for hydrogen storage in vehicles. 
Hydrogen storage in solid materials constitutes another storage alternative with potential 
satisfactory properties. However, in spite of the signifi cant achievements related to 
hydrogen storage in solid materials during the last decade, further progress is still needed 
to fulfi ll the international goals for applications in vehicles, in particular with respect to 
gravimetric and volumetric capacities, temperature and pressure for hydrogen uptake and 
release and kinetics of these processes. Further development of materials is also crucial 
for hydrogen storage in stationary and marine applications. Such research eff orts will 
require new materials and solutions, as well as improvements in current technologies and 
materials. Demonstration of solid storage systems is needed for general public acceptance. 

TECHNOLOGY READINESS LEVEL (TRL) 

Th e projects in Task 22 cover TRL 1 to TRL 4: 
Basic research (TRL 1), Applied research (TRL 2), 
Critical Function, i.e. Proof of Concept Established 
(TRL 3) and Laboratory Testing/Validation of 
Alpha Prototype Component/Process (TRL 4), 
respectively. Th e majority of the activities may be 
classifi ed at TRL 2 and TRL 3.
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TRL 1Basic Research

Applied Research

Critical Function, i.e., 
Proof of Concept Established 

Laboratory Testing/
Validation of Alpha Prototype 

Component/Process  

Laboratory Testing of 
Integrated/Semi-Integrated 
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Expert Participants 
(54 Experts)

C. Ahn, USA
E. Akiba, Japan
A. Albinati, Italy

M. Allendorf, USA
Y. Andersson, Sweden

D. Anton, USA
T. Autrey, USA

M. Baricco, Italy
J. Bellosta von Colbe, Germany

D. Book, UK
C. Brown, USA

C. Buckley, Australia
A. Burrell, USA

R. Cantelli, Italy
Y. Chabal, USA

R. Chahine, Canada
D. Chandra, USA
Y. W. Cho, Korea

B. Dam, Netherlands
B. David, UK

P. de Rango, France
M. Dornheim, Germany

M. Fichtner, Germany
D. Fruchart, France

J. Graetz, USA
E. Gray, Australia
K. J. Gross, USA
Z. X. Guo, UK

B. C. Hauback, Norway
M. Hirscher, Germany

J. Huot, Canada
T. R. Jensen, Denmark

C. M. Jensen, USA
Y. Kojima, Japan

N. Kuriyama, Japan
M. Latroche, France

S.-Y. Liu, USA
D. Milcius, Lithuania

D. Mosher, USA
D. Noréus, Sweden
S. Olafsson, Iceland

S.-I. Orimo, Japan
P. Prosini, Italy

FRAMEWORK SUMMARY

Task 22 started a three year term in December 2006. Th e Executive Committee of IEA 
HIA approved a three years extension from December 2009 to November 2012. Th e task 
is open for a broad spectrum of project types:

• experimental
• engineering
• theoretical
• modeling
• safety aspects of hydrogen storage materials

Th e following classes of materials are included:
• reversible metal hydrides
• regenerative hydrogen storage materials (chemical hydrides)
• nanoporous materials

Task 22 is built on projects with international collaboration strongly encouraged. A 
project plan is prepared for each project.  Task 22 consists of the following projects (with 
the project leader in parentheses):

• Light metals and porous materials for hydrogen storage (C. Buckley, Australia)
• In-situ studies of hydrogen storage materials with neutrons and X-rays (E. Gray, Australia)
• Eff ect of severe plastic deformation on hydrogen storage behavior (J. Huot, Canada)
• Synthesis and characterization of light metal hydrides and nanoporous materials (T. R. 

Jensen, Denmark)
• Integrated computational and experimental methods for thermodynamic predictions and 

kinetic analysis (T. Vegge, Denmark)
• TM and RE intermetallics based hydrides, from fundamental to processes and storage 

units (D. Fruchart, France)
• Composite materials combining metallic compounds and porous materials for the 

chemical or electrochemical storage of hydrogen (M. Latroche, France)
• Kinetic optimization of LiBH4/MgH2 and Ca(BH4)2/MgH2 Reactive Hydride Composites 

(M. Dornheim, Germany)
• Synthesis and characterization of new tetrahydroborate compounds and nanoscale 

hydrides (M. Fichtner, Germany)
• Hydrogen physisorption on MOFs (M. Hirscher, Germany)
• Synthesis and characterization of metal doped carbons (T. A. Steriotis, Greece)
• Fundamental and applied hydrogen storage materials development of composite Mg:C 

materials: Using thin fi lms and post composite processing of ball milled material (S. 
Ólafsson, Iceland)

• Hydrogen storage in nanostructured complex hydrides, molecular compounds and metal 
alloys (A. Albinati and R. Cantelli, Italy)

• Experimental and theoretical studies of hydrogen storage materials (M. Baricco, Italy)
• Experimental and theoretical studies on hydrogen storage materials (M. Baricco, Italy)
• Hydrogen storage devices based on NaBH4 (P. Prosini, Italy) 
• Atomic scale characterization of hydrogen storage materials (metal hydrides, nanoporous 

materials, clathrates, MOFs) by optical spectroscopy and neutron scattering techniques 
(M. Zoppi, Italy)
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D. K. Ross, UK
T. Steriotis, Greece
S. Tsunokake, Japan
T. Udovic, USA
T. Vegge, Denmark
G. Walker, UK
V. A. Yartys, Norway
J. C. Zhao, USA
R. Zidan, USA
M. Zoppi, Italy
A. Züttel, Switzerland

2011 Meetings 
January 16-20
Fremantle, Australia 
September 4-8
Copenhagen, Denmark

• Synthesis and characterization of novel metal hydrides (E. Akiba, Japan)
• Basic research on non-metallic hydrogen storage materials (Y. Kojima, Japan)
• Synthesis under high-pressure hydrogen atmosphere (N. Kuriyama, Japan)
• Development of Light-Weight and Compact Hydrides (S.-I. Orimo, Japan)
• Synthesis and characterization of complex alloy hydrides (Y. W. Cho, Korea)
• Development of nanocrystalline metal hydrides using vapour deposition technologies (D. 

Milcius, Lithuania)
• Synthesis, structural characterization and stability of complex hydrides (B. C. Hauback, 

Norway)
• Analysis of interface eff ects in light-weight metal hydride thin fi lms using 

hydrogenography (B. Dam, Netherlands)
• Metastable lightweight hydrides (D. Noréus, Sweden)
• Syntheses and characterization of hydrogen absorbing compounds based on magnesium, 

aluminium and 3d transition metals (Y. Andersson, Sweden)
• Stability and reversibility of borohydrides for hydrogen storage (A. Züttel, Switzerland)
• Hydrogen storage in borohydrides and light-metal hydrides (D. Book, UK) 
• Synthesis, structure, stability and simulation of novel complex hydrides (B. David, UK)
• Tailoring reaction routes for metal and complex metal hydrides (Z. X. Guo, UK)
• Neutron scattering and ab initio investigations of hydrogen storage materials (D. K. Ross, 

UK)
• Porous materials IEA collaboration (G. Walker, UK)
• Multicomponent hydride systems (G. Walker, UK)
• High pressure ambient temperature hydrogen storage adsorption (C. Ahn, USA)
• Controlled synthesis of metal hydride nanoclusters (M. Allendorf, USA)
• Chemical hydrogen storage (T. Autrey, USA)
• Structure and dynamics of hydrogen in physisorbent systems (C. Brown, USA)
• Metal amidotrihydroborates (A. Burrell, USA)
• Novel theoretical and experimental approaches for understanding and optimizing 

molecule-sorbent interactions in metal organic framework materials (Y. Chabal, USA) 
• Amorphous alloy membranes prepared by melt-spin methods for long-term use in 

hydrogen separation applications (D. Chandra, USA)
• Regeneration of kinetically stabilized hydrides (J. Graetz, USA)
• International standardized practices and materials development for hydrogen storage (K. 

J. Gross, USA)
• Novel borohydrides for hydrogen storage (C. M. Jensen, USA)
• Hydrogen storage by novel CBN heterocycle materials (S.-Y. Liu, USA)
• Neutron metrology of hydrogen in bulk and nanoconfi ned metal-hydride and complex-

hydride systems (T. Udovic, USA)
• Exploration of lightweight borohydrides for hydrogen storage (J.-C. Zhao, USA)
• Development and characterization of novel hydrogen storage materials (R. Zidan, USA)
• Engineering/Applied hydrogen storage: 

 – Fundamental Studies and Chemical & Th ermal Modeling in Hydrogen Storage 
Systems (D. Anton, USA) 

 – Hydrogen Storage Solutions for Stationary and Mobile Applications: From 
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Materials to Systems (V. Yartys, Norway) 

 – Sorption Systems and Materials for On-Board Hydrogen Storage 
(R. Chahine, Canada) 

 – Development of Combined Heat and Hydrogen Storage Systems Based on 
Low-Cost Metal Hydrides (Y.-W. Cho, Korea) 

 – System Engineering for Materials Based Hydrogen Storage (D. Mosher, USA); 
Off -Grid and Remote-Area Electricity Supply With Integrated Hydrogen Storage 
(E. Gray, Australia)

 – Hydrogen Storage Systems Based On Complex Hydrides (M. Fichtner, 
Germany) 

 – Design and Testing of High Capacity Alane and Chemical Hydride Based 
Hydrogen Storage Systems (C.M. Jensen, USA) 

 – Research, Development and Safety Assessment on Metal Hydride Tanks 
(S. Tsunokake, Japan) 

 – Large Scale MgH2 Tanks for Stationary Applications (P. de Rango, France) 

 – Hydrogen Storage Tank Development and System Integration Based on High 
Capacity Solid State Storage Material (J. Bellosta von Colbe, Germany)

MEMBERS

Fifty-four (54) Experts from 17 countries participate in Task 22 for a total eff ort of about 
64 person years/year. (Total Participation level has maintained this level since initiation of 
the task in 2006)

ACTIVITIES AND RESULTS IN 2011

PROGRESS AND ACCOMPLISHMENTS

Two Task 22 Experts meeting was held in 2011:
• Th e eighth Task 22 meeting in Femantle in Australia, January 16–20, had 43 participants 

(Figure 1)
• Th e ninth Task 22 meeting in Copenhagen, Denmark, September 4–8, had 63 

participants (Figure 2)

Th e majority of the projects were presented and discussed in the two meetings with 
emphasis on new and unpublished results. Task 22 is the major forum for international 
activities in this fi eld, and a number of international collaborative eff orts have been 
established via active participation in the meetings. Th e progress in 2011 is particularly 
related to: 

• New results for nanoporous materials. Th is includes new compounds and signifi cant 
eff orts to understand chemisorptive (spillover) materials. 

• Novel metal hydrides. Possible reversible compounds based on the elements boron, 
magnesium and nitrogen and mixtures/composites of diff erent hydrides have been 
investigated. A major emphasize is on studies of complex hydrides based on boron, so-
called borohydrides. Th ere are also eff orts on regenerative hydrides including aluminum 
and boron-nitrogen hydrides.

• ‘Nano-hydrides’ for hydrogen storage. Th ermodynamics and conditions for hydrogen 

Figure 1: Participants at the 
Task 22 meeting in Fremantle, 
Australia 16–20 January 2011.

Figure 2: Participants at the 
Task 22 meeting in Copenhagen, 
Denmark 4–8 September 2011.

Figure 3: The Carlsberg Academy 
(Niels Bohr’s house) 
--September 2011.
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reaction rates can be modifi ed by reducing the particle size of the metal hydrides into the 
nano-size range or by nanoconfi nements. 

• Application of hydrogen storage materials. Th e Engineering and Applied hydrogen storage 
project has participation from 11 Experts. Th is project addresses in particular solid storage 
for diff erent kinds of vehicles and stationary use.

OUTREACH AND COMMUNICATION

During the fi rst four years of Task 22, a total of 850 articles were published in international 
peer-review journals. Some 1150 presentations were given in national and international 
meetings/conferences and 50 patents/patent applications related to work performed 
in Task 22 were fi led. Th e number of additional articles and presentations in 2011 are 
estimated to be 250 and 300, respectively. 

Th e list of publications and one-page annual progress reports for each of the projects in 
Task 22 are found on the website: www.hydrogenstorage.org. 

FUTURE WORK

ACTIVITIES AND /OR TARGETS FOR 2012

Th ere will be two Task 22 meetings in 2012, the fi rst in Heidelberg in Germany in May 
and the second, which will be the fi nal Task 22 meeting, in Kyoto, Japan in October. 
Th e meeting in Heidelberg will have duration of four days and consist of presentations 
showing achievements in the diff erent projects and broader discussion related to challenges 
and general progress in the fi eld. Th ere will be eff orts to further strengthen international 
collaboration relating to both fundamental and applied hydrogen storage development. 
Th e last meeting in Kyoto will focus on summary of achievements and future prospects 
for hydrogen storage materials in a new task.

ACTIVITIES AND/OR TARGETS BEYOND 2012

Task 22 will end in November 2012, and a target beyond 2012 is to establish a new 
hydrogen storage Task in IEA HIA. Plans for a new task will be discussed in the two Task 
22 meetings in 2012.

R&D CHALLENGES

Storage of hydrogen remains as one of the major challenges related to the introduction of 
hydrogen for both mobile and stationary applications. Th ere has been signifi cant progress 
within Task 22. However, for mobile applications in particular, solid materials do not 
fulfi ll all requirements with respect to weight and volume of storage system, the conditions 
(temperature and pressure) for hydrogen storage and kinetics of the hydrogen uptake and 
the release. Use of solid storage for stationary storage appears to be more feasible in the 
shorter term, but materials still need optimization. Furthermore, a major focus on new 
ideas and novel compounds will continue as well.
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TASK 23

SMALL SCALE 
REFORMERS FOR 
ON-SITE HYDROGEN 
SUPPLY
Ingrid Schjølberg

SINTEF 

OS Bragstadsplass 2D, 7034 
Trondheim, Norway

Ingrid.Schjolberg@sintef.no

+4793066355
Operating Agent for Norway

VITAL STATISTICS

Term
Phase 1: 2006-2009 
Phase 2: 2010-2011

Members
Norway
Sweden
Denmark
Netherlands
Germany
France
Turkey
Italy
US
Japan

Expert Participants 
(14)

2011 Meetings 

May 
Trondheim, Norway
September 
Stuttgart, Germany

PURPOSE

Hydrogen production by on-site reforming is an important stepping stone towards 
the development of a hydrogen infrastructure for the transport sector. Today, on-site 
production units can be developed in any required size and capacity. It is important for 
vendors that norms for size, capacity and footprint exist to enable mass production and 
reduce costs. Th erefore a harmonization of the technology is essential and this is one of 
the main goals of Task 23.  

Hydrogen by on-site production cannot be provided at a reasonable cost when including 
CO2 capture and storage. However, choice of feedstock and improved energy effi  ciency 
can contribute to a reduction of the emissions and thereby enabling hydrogen production 
from small scale reforming. 

Establishment of a market for hydrogen is a challenge as the number of cars and service 
stations is highly coupled and depending on a strong collaboration between car producers 
and gas suppliers. Task 23 constitutes a unique group of experts addressing the challenges 
of harmonization, emissions handling and market development. Th e experts represent 
international gas suppliers, technology suppliers and research institutes. Th is type of 
international collaboration across disciplines and industrial segments is essential to 
facilitate industrialization and hydrogen infrastructure development. 

Figure 1: Approach illustration
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STATUS OF THE TECHNOLOGY

STATUS OF THE TECHNOLOGY

Hydrogen production by on-site reforming is an 
important stepping stone in the development of a 
hydrogen refuelling infrastructure for the transport 
sector. Reforming of natural gas is a well-proven 
technology and has been performed in large scale for 
decades. 

TECHNOLOGY READINESS LEVEL (TRL) 

Currently on-site small scale reformer units can 
be developed in any required size and capacity. It is 
important for vendors that norms for size, capacity 
and footprint exist to enable mass production of 
components and thereby reduce the cost of the 
on-site units. Th is can only be achieved through 
harmonization of technology. Harmonization requires 
close interaction between suppliers and end-users. 
Several companies supply on-site hydrogen generators 
based on harmonized capacities and footprints. Th e technology readiness level for small  
scale reformers at 50 Nm3/hr and above is high. Fully commercial systems exist and are 
being used at demonstrations cites for refueling. In addition, commercial systems are 
operating in other industrial sectors.

FRAMEWORK SUMMARY

Th e main objective of Task 23 is to provide a basis for harmonization of technology for 
on-site hydrogen production from hydrocarbons–fossil and renewable. Th e four sub-
objectives are:

Develop a basis for harmonized capacities for the on-site hydrogen reformer unit.

Identify and examine issues related to the promotion of widespread use of on-site 
hydrogen reformer units.

Develop a global market guide for the use 
of on-site hydrogen reformers.

Describe the technology link to renewable 
sources

Task 23 is organized in three subtasks 
linked as illustrated in the fi gure below. 

Figure 2 Relations between subtasks
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Subtask 1: Harmonized industrialization 

Th e leader of Subtask 1 is Dr. Esther-Ochoa Fernandez (Statoil, Norway).

Th e overall objective is to develop a harmonized approach related to reformer capacity. 
Th is can facilitate industrialisation and cost reduction.  Th ere is a need for a framework 
for design of refuelling stations and harmonisation of technology. 

Subtask 2: Sustainability and renewable sources

Th e leader of Subtask 2 is Mr. Corfi tz Nelsson (SGC, Sweden).

Th e overall objective is to develop systems for fuel diversifi cation and the use of renewable 
sources, and furthermore to study on-site emissions and how to handle these.

Subtask 3: Market studies

Th e leader of Subtask 3 is Dr. Isamu Yasuda (Tokyo Gas, Japan).

Th e overall objective is to facilitate and support market development by dissemination of 
technology information. Th e market will be studied with respect to quality and quantity. 
Th ree cases will be used as basis for a market study. Th e cases are Japan, Northern Europe, 
and California. Th ese cases will represent markets with diff erent characteristics.

MEMBERS

TASK MEMBER AND EXPERT TABLE 2011 
COUNTRY ORGANIZATION EXPERT

Denmark Haldor Topsoe J.B. Hansen

Germany Mahler AGS R. Stauss

Japan Tokyo Gas I. Yasuda

Norway Statoil B.T. Børresen

Norway Statoil E. Ochoa-Fernández

Norway SINTEF I. Schjølberg

Netherlands HyGear D. Lieftink

Netherlands JRC G. Tsotridis

Sweden SGC C. Nelsson

Sweden Catator F. Silversand

Sweden Hulteberg Consulting C. Hulteberg

Italy ENEA E. Calo

Turkey TÜBITAK A. Ersoz

France GDF Suez J. Saint-Just

COMMENTS ON GROWTH/CHANGES IN MEMBER AND/OR EXPERT 
PARTICIPANT COMPOSITION 

Th e expert table shows the experts attending the meetings in 2011. Th e number of 
participants is reduced compared to 2010, as several companies reduced their hydrogen 
activities due to the economic situation in Europe. 
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ACTIVITIES AND RESULTS IN 2011

PROGRESS AND ACCOMPLISHMENTS (BY SUBTASK OR OTHER ORDER 
PREVIOUSLY SET FORTH) 

Develop a basis for harmonized capacities for the on-site hydrogen reformer unit.

A recommendation on three capacities has been given. Th ese are capacities of 100 Nm3/h, 
300 Nm3/h and 500 Nm3/h. 

Identify and examine issues related to the promotion of widespread use of on-site 
hydrogen reformer units. 

Suggestions for harmonization and standardisation of reformer units have been presented, 
as well as available technology worldwide.

Develop a global market guide for the use of on-site hydrogen reformers. 

Th e cost of producing hydrogen by reforming has been analysed and compared to available 
cost data presented in other international projects. Moreover, market descriptions for the 
countries participating in Task 23 have been developed. 

Describe the technology link to renewable sources. 

A number of fuel paths have been developed as well as detailed analysis of small scale CO2 
capture technology.

FUTURE WORK

Task 23 ended in December 2011.  Th e fi nal report will be delivered to the Executive 
Committee in 2012.

REFERENCES

WHEC 2008 (Brisbane, Australia) 
‘IEA-HIA Activities on Small Scale Reformers for On-site Hydrogen Supply’

WHEC 2010 (Essen, Germany) 
‘IEA-HIA Activities on Small Scale Reformers for On-site Hydrogen Supply’
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TASK 24

WIND ENERGY 
AND HYDROGEN 
INTEGRATION 
Dr. Luis Correas

Mr. Ismael Aso

Fundación para el Desarrollo 
de las Nuevas Tecnologías del 
Hidrógeno en Aragón 

Parque Tecnológico Walqa, 
22197 Huesca (Spain) 

lcorreas@hidrogenoaragon.
org

+34 974 21 52 58
Operating Agent for Spain

VITAL STATISTICS

Term
Phase 1: 2006-2010
Phase 2: 2010-2011

Members
11 Participant countries

Expert Participants  
21 Experts

2011 Meetings
26th - 27th of May
Grenoble, France
29th - 30th of September 
Pamplona, Spain

PURPOSE

Th e purpose of Task 24 is:
• to explore in detail all possible issues (technical, economic, social, environmental, market 

and legal) related to hydrogen production using electrolysis with wind energy; and
• to explore in detail possible applications for hydrogen produced using electrolysis 

with wind energy, with special emphasis on wind and hydrogen integration by means 
of hydrogen storage and electrical conversion that balances the original wind energy 
production.

STATUS OF THE TECHNOLOGY

STATUS OF THE TECHNOLOGY

Wind turbines have reached a high level of technology maturity over the years. With 
turbines in excess of 6 MW being tested and even 10 MW size in sight, wind energy will 
defi nitely play a major role all over the world in the next decades. From the point of view 
of the electricity system (distribution and transport), the maturation of the technology  
represents an unprecedented threat not only to the stability of grid parameters but also for 
the economics itself, because the market price can be seriously aff ected by growing shares 
of non-dispatchable electricity.

Th e focus has turned to the role of the seasonal system-level size storage of surplus 
electricity, leaving the direct coupling of wind turbine to electrolyzers to a secondary 
market of isolated or stranded generation. In some countries that are strongly committed 
to the energy challenge, storage in general and hydrogen in special are again back in the 
debate.

In this respect, electrolysis total cost of ownership (including effi  ciency, capital expenditure 
and operation and maintenance) and massive storage means (geological underground 
storage) have become hot technology topics. 
Additionally, market studies on the economics 
of hydrogen as energy or raw material, along 
with the integration of such in the existing 
energy transport infrastructures – while not 
purely technological issues -- always contribute 
to the discussions.

TECHNOLOGY READINESS LEVEL (TRL) 

When it comes to wind electricity generation 
in one hand and hydrogen production by 
electrolysis on the other hand, both technologies 
reached the maximum TRL (level 10, where 
program management and market development/
support activities are underway for proven 
systems in full commercial deployment) a long 
time ago.
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Nonetheless, technology never stops improving, and megawatt-size alkaline electrolysis has 
stepped back for asbestos replacement to TRLs from a level of 10, the top level previously 
described, to the 4 to 7 range (between laboratory testing/component validation at level 
4 to demonstration of an integrated Pilot System), depending on the source (novelty of 
materials used). Regarding the alternative PEM technology, recent announcements of 
major manufacturers unveiling the realization of 1 MW size electrolyzers, raise the TRL of 
PEM technology to 6, verifi cation of a prototype system.

Finally, with respect to pilot experiences of wind electricity and hydrogen production, 
some new interest has showed up in the past years. Where previous projects as Utsira, 
Hari, or Sotavento have yielded interesting experience, new facilities as Enertrag near 
Berlin and a couple of new ongoing European projects promise to blow fresh air (TRL 
level 6, in slow transition to level 7) into the technology.

FRAMEWORK SUMMARY

SUBTASK A: STATE OF THE ART

Dr. Aaron Hoskin, Subtask leader

In this Subtask, the goal is to conduct an in-depth review of the current state of the art 
in the technology (wind turbines, electrolyzers, ancillary equipment), as well as a detailed 
review that includes the lessons learned relative to hydrogen production projects using 
wind energy. Feedback from the existing and fi nalized projects worldwide has been 
collected, thanks to the networking activity conducted by the members (some of them 
directly involved in such projects). Dr. Javier Pino took responsibility for depicting the 
state of the art for simulation tools.

SUBTASK B: NECESSARY IMPROVEMENTS & SYSTEM INTEGRATION. 
TECHNOLOGY DEVELOPMENT ON MAIN EQUIPMENT AND SYSTEM 
INTEGRATION CONCEPTS

Dr. Kevin Harrison, Subtask leader  

In this part of the study, the scope is focused on the hydrogen production equipment, 
as the wind turbine has proved over the years to be a more mature technology upstream 
of the electrolyzer. (Rephrasing a representative of a notable wind turbine manufacturer 
in a conference, the only thing wind turbines nowadays cannot perform is to correct the 
wind.) Of note, the change of perspective during the evolution of Task 24 has shown a 
displacement of the focus from the isolated wind turbine, where the problem to solve was 
the regulation of the electrical output to the predicted one, to the hydrogen production 
side. Th e electrolyzer has occupied the center of the Task refl ections, seen now as a 
controllable load off ering much wider possibilities connected to the grid, and especially 
for the unbeatable seasonal storage performance of hydrogen. Also very valuable was the 
participation of three electrolyzer manufacturers in the expert meetings, which provided a 
deep insight into the technology as well as the evolution pursued in the future.
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SUBTASK C: ECONOMIC ASPECTS OF WIND-HYDROGEN SYSTEMS

Dr. Klaus Stolzenburg, Subtask leader 

Subtask C, formerly and still offi  cially called “Business Concept Development,” provides 
answers to the various questions as how wind-hydrogen systems can be categorized 
with regard to their main purpose and plant size, and which levels of costs current and 
completed demonstration projects provide.  Lessons learned are derived from these 
projects. An insight into the regulations on electricity and on alternative fuels in various 
countries allows assessment of the possible opportunities and obstacles they may generate 
for hydrogen derived from wind energy. It also analyses relative to the potential that 
regulations could provide for wind-hydrogen systems.                                                                                                             

SUBTASK C: APPLICATIONS. EMPHASIS ON WIND ENERGY MANAGEMENT

Dr. Raquel Garde, Subtask leader

In this subtask, near-term applications for the hydrogen produced have been studied with 
a special emphasis in wind energy management. Th e topic of wind energy management 
became a separate subtask given the noticeable synergy between hydrogen and wind 
energy regarding their integration for further development of inherently non-continuous 
renewable energy sources that are random nature. Investigation of the wind power 
situation in Europe and in some countries with high wind power penetration (as Spain, 
Germany, and Denmark) has led to challenges stemming from risks associated with 
management and stability of the electricity network in cases of wind power penetration.

It is important to note that hydrogen used as an energy storage system to manage wind 
energy has many other competitor technologies that can be used in a wide power and 
energy range and can cover several energy functions. Diff erent energy storage systems that 
can compete with hydrogen in wind power management services have been identifi ed 
and characterized. Finally, diff erent strategies of wind energy management can lead to 
diff erent optimal energy storage technologies.



HYDROGEN IMPLEMENTING AGREEMENT

H I A

4

TASK 24

MEMBERS

TASK MEMBER AND EXPERTS

Task Member and Expert Table 

TASK 
24 COUNTRY

 EXPERT NAME (INDICATE 
IF SUBTASK LEADER) INSTITUTION NAME

1 Spain Luis Correas (Operagent Agent) Aragon Hydrogen Foundation

2 Spain Ismael Aso Aragon Hydrogen Foundation (from 2011, 
CNH2)

3 Spain Carolina Garcia Spanish Hydrogen National Center (CNH2)

4 Canada Aaron Hoskin (Subtask A Leader) Natural Resources of Canada

5 USA Kevin Harrison (Subtask B Leader) NREL

6 Germany Klaus Stolzenburg (Subtask C Leader) Planet GbR

7 Spain Raque Garde (Subtask D Leader) CENER

8 UK Rupert Gammon Bryte Energy Ltd 

9 Japan  Ken-ichiro OTA Yokohama National University

10 Spain Mila Rey Gas Natural

11 Spain Pablo Fontela Endesa

12 Switzerland Ernest Burkhalter IHT

13 Greece Eli Varkaraki CRES

14 Spain Javier Pino Seville University

15 Spain Salvador Suarez ITC

16 Denmark Allan Schroeder RISO

17 Germany Dennis Krieg Juelich

18 Norway Stein Trygve Briskeby StatoilHydro

19 Germany Raymond Schmid Hydrogenics

20 France Florence Lefebvre-Joud CEA LITEN

21 Spain Rafael Ben Ariema

Comments on growth/changes in member and/or expert participant composition if 
applicable

One additional member, France, has added to the already 10 participant member 
countries.

Two additional experts have joined the working group, namely the French Commissariat 
à l’Energie Atomique (CEA) and the Spanish National Center for Hydrogen. Both 
research centers provide a deep knowledge in energy science, especially for renewable 
and hydrogen. Dr. Lefebvre-Joud is a very knowledgeable scientist, and member of the 
Scientifi c Committee of the European Fuel Cells and Hydrogen Undertaking.
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ACTIVITIES AND RESULTS IN 2011

PROGRESS AND ACCOMPLISHMENTS

Subtasks A, C and D have produced their expected fi nal reports during the year, validated 
during the fi nal meeting. Subtask A has been split into two diff erent approaches, one for 
the state of the art of the hardware and one for the simulation tools. Subtask B has partial 
results, among which the continuous exchange among the experts during the meetings has 
proved especially fruitful. Main conclusions will be complied by the Operating Agent for 
fi nal report edition.

Last but not least, the fi nalization of the PhD thesis by some of the Experts is a well-
deserved fi nish line after years of dedication. Dr. Javier Pino and Dr. Milagros Rey, 
directed by Dr. Raquel Garde, earned their PhDs during 2011 and beginning of 2012. 
Th is is another example of win-win cooperation within the Task.

An off spring of Task 24, the ELYGRID project (Improvements to Integrate High Pressure 
Alkaline electrolyzers for Electricity/H2 production from Renewable Energies to Balance 
the Grid), a European FCH-JU funded project, started in November 2011. ELYGRID 
aims to contribute to reduction of the total cost of hydrogen produced via electrolysis 
coupled to renewable energy sources, mainly wind turbines, and focusing on megawatt 
size electrolyzers (from 0.5 MW and up). Th e objectives are to improve the effi  ciency 
of the overall system by 20% and to reduce costs by 25%. Th e work will be structured 
in three (3) distinct parts, namely: cell improvements, power electronics, and balance of 
plant (BOP). Two scalable prototype electrolyzers will be tested in facilities which allow 
feeding with renewable energies (photovoltaic and wind).

SPECIFICALLY ADDRESS MILESTONES AND THEIR STATUS

When it comes to Task 24 milestones, the production of the fi nal subtask reports, reached 
in October 2011, together with the celebration of the two last expert meetings (May 
2011 hosted by CEA in Grenoble, France, and September 2011 hosted by CENER in 
Pamplona, Spain) constitute the fi nal milestones for Task Expert Members. Th ere remains 
one ultimate milestone -- the production of the fi nal report by the Operating Agent 
during 2012. Th e fall 2012 ExCo meeting seems a proper date and venue for submission 
of this fi nal report.

OUTREACH AND COMMUNICATION

Summary of Strategy and Activities

Strategy for Communication of this Task has always been the presence at the main venues 
for energy storage and especially hydrogen technology related. Th e lobbying capacity of 
their members has reinforced the Task outreach. A total of three publications in scientifi c 
and technical events, two communications in scientifi c conferences, and one participation 
in a roundtable during 2011 complete a large amount of communication activities.

Th e Operating Agent wants to thank the interest and eff ort of Dr. Harrison, Dr. Varkaraki, 
Dr. Garde, Dr. Hoskin, Mrs. Rey and Mr. Aso for their contribution.
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Complete 2011 entry in Task Communication and Outreach Table, i.e., add on 
to table used for 2010 (see Other Specifi cations below and attached completed 
exemplar)

PUBLICATION /  PRESENTATION NAME PUBS PRES OTHER

NREL and XCEL Energy Collaboration on Wind-to-hydrogen 
(Wind2H2) 1

Roundtable discussion 1

Activities of the IEA Hydrogen Implementing Agreement 
Annex 24 - Wind Energy and Hydrogen Integration 1

Analysis of Wind Power and Hydrogen Sotavento Plant 1

IEA-HIA Task 24 Wind Energy and Hydrogen Integration: 
Applications, Emphasis on wind energy management 1

Wind-hydrogen Systems: opportunities and challenges 1

TOTAL 3 2 1

Task websites 

http://task24.hidrogenoaragon.org 

FUTURE WORK

ACTIVITIES AND /OR TARGETS FOR 2012

Th e pending activity for 2012, the production of the Task fi nal report, will be carried 
during the fi rst half of the year by the Operating Agent, Dr. Luis Correas, with the ad 
hoc support of Subtask leaders. Th e target for accomplishing the activity is the fall ExCo 
meeting, where the OA will present the fi nal conclusions to the ExCo members and other 
Task OAs.
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TASK  26

ADVANCED 
MATERIALS FOR 
WATERPHOTOLYSIS
ERIC L. MILLER 

US DEPARTMENT OF 
ENERGY, EE-2H 

1000 Independence AVE., SW, 
Washington, DC 20585 

Eric.miller@hq.doe.gov

202-287-5829

Operating Agent USA

PURPOSE

Photoelectrochemical (PEC) hydrogen production using sunlight to directly split water 
is one of the paramount enabling technologies for a future where hydrogen is widely 
deployed as an energy carrier.  Th e “traditional” semiconductor-based PEC material 
systems studied to date, in particular the simple metal oxides such as TiO2, WO3, and 
Fe2O3, however, have been unable to meet all the performance, durability, and cost 
requirements for practical hydrogen production.  Technology-enabling advances are 
needed in the development of new, advanced materials systems. Toward this end, the IEA 
Hydrogen Implementation Agreement Task-26, working in close conjunction with the 
U.S. Department of Energy’s “Working Group on PEC Hydrogen Production,” brought 
together international experts in analysis, theory, synthesis, and characterization from 
the academic, industry, and national laboratory research sectors across the world, with 
exciting and important results on several fronts. 

FRAMEWORK SUMMARY

Th e specifi c technical goal of this Task is the research and development of new 
semiconductor materials for stable and effi  cient PEC hydrogen production systems.  In 
order to meet this goal Task-26 has formulated a comprehensive “Task” structure, as 
illustrated below in Figure 1, serving as the central organizational framework for Task 
activities.  Task-26 relies heavily on individual Tasks and Task Leaders to coordinate 
collaborative eff orts in international PEC R&D and facilitate the PEC materials 
breakthrough process.

Figure 1: Task Force defi nitions evolved from original IEA HIA Task-26 subtasks

STATUS OF TECHNOLOGY

It is recognized that PEC hydrogen production is at relatively early stage of 
development.  Th ough it is one of the most promising approaches for practical 
conversion of sunlight to chemical energy, and much progress has been made in recent 
years, the technology readiness level (TRL) of various PEC technologies remains at 
TRL 1 and TRL 2. See Figure 2 to the right.
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VITAL STATISTICS 

Term
2008-2011 

Members
USA

EC
Netherlands
Switzerland

Germany
Japan

S. Korea
Australia

Expert Participants 
(over 50, primary and 

associate) 
Dr. Hironori Arakawa

Dr. Jan Augustinski
Dr.  Artur Braun

Dr. Todd Deutsch
Dr. Huyen Dinh

Dr. Kazunari Domen
Dr. Nicolas Gaillard

Dr. Michael Graetzel
Dr. Clemens Heske

Dr. Thomas Jaramillo
Dr. Jae Sung Lee

Dr. Andreas Luzzi
Dr. Bjorn Marsen

Dr. Eric McFarland
Dr. Eric Miller

Dr. Tadashi Ogitsu
Dr. Ian Plumb

Dr. Kazuhiro Sayama
Dr. Kevin Sivula
Dr. John Turner

Dr. Roel van de Kroel
Dr. Lionel Vayssieres

Dr. Heli Wang
Dr. Scott Warren

Dr. Brandon Wood 

MEMBERS

TASK 
26 COUNTRY

 EXPERT NAME (INDICATE 
IF SUBTASK LEADER) INSTITUTION NAME

1 USA John Turner NREL

2 Tom Jaramillo Stanford

3 Eric McFarland UCSB

4 Nico Gaillard U. Hawaii

5  Tadashi Ogitsu  LLNL 

6 Huyen Dinh NREL

7 Todd Deutsch NREL

8 Zhebo Chen Stanford

9 Jess Kaneshiro U. Hawaii

10 Brandon Wood LLNL

11 Bill Ingler U. Toledo

12 Heli Wang NREL

13 Brian James SAINC

14 Yanfa Yan NREL

15 Eric Miller US DOE

16 OTHERS various

17 EU: Switzerland Artur Braun EMPA

18 Michael Graetzel EPFL

19 Kevin Sivula EPFL

20 Scott Warren EPFL

21 EU: Netherlands  Roel Van de Kroel  U. Delft 

22  Yongqi Liang   U. Delft 

23 EU: Poland Jan Augustinski U. Warsaw

24 EU: Germany Bjorn Marsen Helmholtz-Zentrum Berlin

25 Clemens Heske Solar Energy Helmholtz-Zentrum Berlin

26 Marcus Baer Helmholtz-Zentrum Berlin

27 Lothar Weinhardt U Wurzburg, Germany

28 Monika Blum Solar Energy Helmholtz-Zentrum Berlin

29 EU: OTHER OTHERS various

30 JAPAN Kazuhiro Sayama AIST

31 Hironori Arakawa  Tokyo U. Science 

32  Kazunari Domen  U. Tokyo 

33  Akihiko Kudo  Tokyo U. Science 

34 Ryu Abe Hokkaido U.

35 OTHERS various

36 SOUTH 
KOREA

Jae Sung Lee POSTECH

37 Wonyong Choi POSTECH

38 OTHERS various

39 AUSTRALIA Grant Mathieson ANSTO

40 Ian Plumb
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2011 Meetings
December 2010, April 2011, 
“Hu’a Iki International Experts”  
Honolulu, HI, San Francisco, CA

Central objectives of Task-26 include international outreach and expansion of 
cooperative and collaborative activities between the US D.O.E. PEC Working Group 
and the international research community in areas related to PEC materials discovery 
and development. Combining ever-advancing world-class capabilities in analysis, theory, 
synthesis, and characterization is the surest path to the needed scientifi c advances in PEC 
semiconductor materials. With this in mind, Task-26 has relied on its international base, 
coordinating numerous international meetings further the cause, as illustrated in example 
meetings shown in Figure 2.  Synergistic activities among the US DOE Working Group 
projects, European PEC projects such as “NanoPEC,” and Asian research projects such as 
those in Japan and Korea have paid strong dividends, as evidenced in recent progress and 
results.

Figure 3:“Hu’a Iki”(Hawaiian for “tiny bubbles”) meetings of international Task-26 Experts

ACTIVITIES AND RESULTS IN 2011

As of 2011, the primary task activities have started winding down in preparation for fi nal 
Task documentation, and in preparation for a proposal for a new approach for integrating 
ongoing PEC work into a future IEA HIA Task framework.  Over the past three years, 
the research methodology of Task-26 integrating collaborative tasks in PEC materials 
theory, synthesis, characterization and analysis has paid dividends in terms of technical 
achievements in PEC materials research and development.  Th e tools in Task-26 research 
arsenal have been in Task A, C, S, and T activities. Th e most productive and signifi cant 
activities have been the successful utilization of these tools in eff ecting advances in PEC 
materials systems (Task M). Major accomplishments resulting from these activities have 
been documented in previous reports, and will be further organized and documented in 
a series of updated Materials White Pape currently in preparation by the Task Experts for 
incorporation into the Task-26 Final Report.
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Broadly speaking, over the course of Task-26, renewable solar hydrogen production via 
PEC water splitting has been successfully demonstrated on the laboratory scale using 
current materials systems, but challenges remain in meeting all targets in solar-to-hydrogen 
(STH) conversion effi  ciency, durability, and cost. Th e research methodology of Task-26, 
integrating collaborative tasks in PEC materials theory, synthesis, characterization, and 
analysis, has led to some signifi cant advances in the PEC state of the art over the course of 
the Task.  Important accomplishments have been achieved over a broad spectrum of PEC 
materials R&D through the duration of Task-26, which are being thoroughly documented 
in the White Paper updates.  Some of the notable achievements have included:

Achievement of new benchmark performance in oxide-based materials, specifi cally in 
iron-oxide based material systems as a result of the EU NanoPEC Project [1].

Achievement of new benchmark performance levels in III-V materials multi-junction 
photoelectrodes at NREL as a result of the US PEC Working Group eff orts, shown in 
Figure 2 [2,3].

Achievement of new benchmark performance levels in copper-chalcopyrite thin fi lm 
materials in multi-junction photoelectrode confi gurations at UH/MVSystems as a result 
of the US PEC Working Group eff orts [4].

Successful demonstration of Z-scheme photocatalyst systems and screening of numerous 
photocatalyst materials in research institutes in Japan, including AIST and TUS [5,6,7,8].

Successful demonstration of enhanced performance heterojunction thin fi lm material 
systems in South Korea at POSTECH [9].

Development of new MoS2 nano-particle catalysts and concurrent development of novel 
macro-structures for integration into practical photoelectrochemical hydrogen production 
devices (Figure 5); including macroporous scaff old consisting of a transparent conducting 
oxide (TCO) upon which the MoS2 nanoparticles can be vertically integrated for support, 
confi nement and electronic contact [10,11]. (Stanford)

Continued work on the refi nement of the “Standardized Methodologies for PEC 
Measurements and Reporting” eff ort.  Agreements are being negotiated with Springer 
to publish the documents in book form with assigned editors (Huyen Dinh of NREL, 
Eric Miller of DOE, and Zhebo Chen of Stanford University) [www2.eere.energy.gov/
hydrogenandfuelcells/pec_standards_review.html#standards].

Publication of hundreds of PEC articles in scientifi c journals and in conference 
proceedings by Task-26 Experts and associated research groups.

Publication of two important books on PEC Hydrogen Production 
with major contributions from the Task-26 Experts [12,13]. 
Although the Task-26 is winding down, technical advances continue to be realized 
through implementation of the Task’s R&D methodologies, and these advances will be 
incorporated into the Task Final Report.  Up-to-date PEC Materials White Papers are 
under preparation by  Task Experts which will be integrated as the primary content of the 
Final Report; specifi c topics include: (2) III-V semiconductors; (2) Fe2O3 based materials; 
(3) WO3 based materials; (4) I-III-VI2 materials; (5) MoS2 nanostructured materials; (6) 
BiVO4 materials; (7) TaON materials; (8) PEC Materials Th eory Updates; and (9) New 
oxide materials.
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Figure 4: New benchmark performance in PEC solar water-splitting from NREL GaAs/GaInP2 
devices

FUTURE WORK

Continued work on documentation and on information management is the current 
priority as Task-26 winds down.   Eff orts are focused on the completion of the updated 
series of PEC Materials White Papers for integration into the Task-26 Final Report.  
Potential follow-up PEC work in a future IEA HIA Task structure has been discussed with 
Task Experts, and a conceptual approach integrating PEC into a broader Task focused 
on “Renewable Hydrogen” (along with Bio-Hydrogen, Solar-Th ermochemical Hydrogen, 
and others) is being considered with support from Experts.

END NOTES
1] NanoPEC Project Publications website: http://nanopec.epfl .ch/publications 
2] T. Deutsch, Semiconductor Photoelectrodes for Direct Water Splitting, Pacifi chem 2010 

Congress, Honolulu, HI. December 15-20, 2010. 
3] J. A. Turner and T. Deutsch, US D.O.E. Hydrogen Program Annual Merit Review 

Meeting 2011, Arlington, VA, May 9-13, 2011: http://www.hydrogen.energy.gov/pdfs/
review11/pd035_turner_2011_o.pdf 

4] A. Madan, J. Kaneshiro, et al., US D.O.E. Hydrogen Program Annual Merit Review 
Meeting 2011, Arlington, VA, May 9-13, 2011: http://www.hydrogen.energy.gov/pdfs/
review11/pd053_madan_2011_o.pdf 

5] Arai, T., Konishi, Y., Iwasaki, Y., Sugihara, H., and Sayama, K.: High-Th roughput 
Screening Using Porous Photoelectrode for the Development of Visible-Light-Responsive 
Semiconductors J. Comb. Chem. 9, 574–581 (2007)

6] Kusama, H., Wang, N., Miseki, Y., and Sayama, K.: Combinatorial Search for Iron/
Titanium-Based Ternary Oxides with a Visible-Light Response. J. Comb. Chem. 12, 
356–362 (2010) 
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7] Higashi, M., Abe, R., Ishikawa, A., Takata, T., Ohtani, B., and Domen, K.: Z-scheme 
Overall Water Splitting on Modifi ed-TaON Photocatalysts under Visible Light (l < 500 
nm). Chem. Lett. 37, 138-139 (2008)

8] Arakawa, H., Zou, Z., Sayama, K., and Abe, R.: Direct Water Splitting By New Oxide 
Semiconductor Photocatalysts Under Visible Light Irradiation. Pure Appl. Chem. 79, 
1917–1927 (2007)

9] POSTECH PEC Group website:  http://ecocat.postech.ac.kr/ 
10] T. F. Jaramillo, 2009 American Institute of Chemical Engineers Annual Meeting, 

Nashville, TN. Nanostructured MoS2  for the  Photoelectrochemical (PEC) Production 
of Hydrogen, November, 2009. 

11] T. F. Jaramillo, et al., US D.O.E. Hydrogen Program Annual Merit Review Meeting 
2011, Arlington, VA, May 9-13, 2011: http://www.hydrogen.energy.gov/pdfs/review11/
pd033_jaramillo_2011_o.pdf 

12] BOOK: Photoelectrochemical Hydrogen Production, R. Van de Kroel, M. Gratzel 
editors, Springer, 2011.

13] BOOK: On Solar Hydrogen & Nanotechnology, L.Vayssieres editor, Wiley, 2010.
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TASK 28 

LARGE-SCALE 
HYDROGEN 
DELIVERY 
INFRASTRUCTURE
Dr. Marcel Weeda

Energy Research Centre of 
the Netherlands

P.O. Box 1, 1755 ZG 

Petten, The Netherlands

tel: +31 224 56 44 95

e-mail: weeda@ecn.nl

Operating Agent for The 
Netherlands

VITAL STATISTICS

Term
May 2010 - May 2013

Members
Australia
Denmark
France
Germany
Japan
Netherlands
USA

Expert Participants
12

Meetings
Preliminary Kick-off Meeting  
May 2010

December 2, 2010
(with Task 30 subtask C)

Paris, France

PURPOSE

Th e overall goal of Task 28 is to improve understanding of the infrastructure needed 
to deliver projected hydrogen demands by sharing latest information, experiences, and 
lessons learned. Specifi c objectives are: 

• to develop a common state-of-the-art knowledge base on concepts and components for 
(large-scale) delivery of hydrogen; 

• to use modeling and analysis tools to evaluate hydrogen delivery pathways and hydrogen 
delivery infrastructure rollout scenarios; and 

• to identify knowledge gaps with regard to components and concepts for (large-scale) 
hydrogen delivery and hydrogen delivery infrastructure rollout.

FRAMEWORK SUMMARY

Diff erent options for a hydrogen infrastructure are being considered, tested and developed. 
Development of a large-scale hydrogen delivery infrastructure will involve considerable 
investments, and will need focused policy support. To enable the effi  cient use of limited 
resources it is important to identify the most promising strategies and options for such 
an infrastructure. Th erefore, it is important that views and insights from study activities 
and real-life experience are broadly and thoroughly discussed in an international context, 
so that the available knowledge-base on hydrogen infrastructure components and roll-
out strategies can be improved and further extended.  Th is Task was approved by the 
Executive Committee of the IEA Hydrogen Implementing Agreement in May 2010. Th e 
Task currently has 7 participating countries.

• Subtask A Scenarios – H2 demand projections and rollout scenarios.
• Subtask B Assessment HRS concepts – Review of concepts on functional requirements
• Subtask C Analysis H2 delivery routes – data, tools and case studies

Th ere is interest in an additional subtask focusing on infrastructure related to hydrogen 
for storage of energy from intermittent resources.

MEMBERS

COUNTRY EXPERT NAME INSTITUTION/COMPANY

Australia Attilio Pigneri GreenCollar Climate Solutions

Denmark Henrik Iskov Danish Gas Technology Centre (DGC)

France Phillippe Mulard TOTAL

France Remi Batisse Gaz de France (GDF) Suez

France Sidonie Ruban / Françoise Barbier Air Liquide

Germany Oliver Ehret NOW

Japan Hideto Kurokawa Tokyo Gas

Japan Sam Miyashita ENAA

Japan Takuya Hasegawa Nissan

Netherlands Marcel Weeda Energy Research Centre of the Netherlands (ECN)

USA Amgad Elgowainy Argonne National Laboratory

USA Robert Friedland Proton Energy Systems

2011 ANNUAL REPORT FOR TASK 28 COMING SOON.  
CONTACT MARY-ROSE DE VALLADARES AT MVALLADARES@IEAHIA.ORG FOR MORE INFORMATION
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ACTIVITIES AND RESULTS IN 2010

PROGRESS AND ACCOMPLISHMENTS

Th e Task was approved in May 2010. Th e fi rst Experts Meeting was held in Sacramento, 
CA in the  US. Th e experts met for three days at the premises of the California Fuel Cell 
Partnership (CaFCP).  Main part of the meeting was devoted to further defi nition of the 
Task work plan and country updates on hydrogen projects and programs.

In addition to a visit of the CaFCP facilities the experts visited the development and 
production facilities of Altergy Sytems. Th is is a frontrunner company in the fi eld of 
hydrogen fueled PEMFC based back-up systems and on-site power supply systems. 
Further, the experts visited AC Transit in Oakland. After the fi rst successful hydrogen bus 
project, the company is currently implementing a follow-up project with 12 new buses 
and 2 new fi lling stations.   

Experts of Task 28 at the California Fuel Cell Partnership (Sacramento) and AC Transit 
(Oakland)

Subtask A – Scenarios

Th e subtask on ‘Scenarios’ looks into hydrogen scenarios for transport applications and 
defi nes a framework for discussion and analysis within the Task. Selected scenarios will 
be translated into hydrogen demand and the level of infrastructure needed for transport 
and distribution of hydrogen (e.g. number and capacity of refueling stations needed in 
diff erent years). In this analysis, the subtask aims to include the consumer perspective in 
evaluation of rollout strategies for refueling infrastructure: are there enough customers in 
limited areas to be able to focus rollout, or is widespread deployment required to build a 
large enough customer base?

Subtask B – Assessment of HRS concepts

Th is subtask considers diff erent hydrogen refueling station concepts and evaluates these 
concepts based on general requirements for large-scale hydrogen refueling stations. Costs 
are an obvious issue for evaluation (CAPEX and OPEX). Examples of other factors are 
footprint, scalability (full size station right from the start or modular, i.e., smaller size 
with the possibility of expansion), possibility to include ‘clean and green’ hydrogen, and 
fl exibility towards on-board car storage systems. 

Subtask C – Analysis of hydrogen delivery pathways

Th is subtask considers tools for modeling large-scale hydrogen delivery pathways and 
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evaluates key characteristics of the tools and type of analysis that can be performed. Data 
on hydrogen infrastructure components, modeling approaches, and key assumptions will 
be discussed and reviewed, preferably using case studies. Activities will be based on existing 
work and work in progress of participating task members or other sources available to 
task members. Th e subtask aims to deliver an up-to-date database of hydrogen delivery 
components and concepts for techno-economic assessment activities.

Other interests

Task activities mainly focus on delivery infrastructure for vehicle applications. Due to 
increasing  interest in the use of hydrogen for storage of energy from intermittent 
renewable resources, there is discussion about enlarging the scope of the Task to include 
underground storage, transport, and the addition (mixing in) of hydrogen to the existing 
gas grid. 

OUTREACH AND COMMUNICATION

Th e Task has been presented at a meeting of the IEA HIA Executive Committee with the 
organization of the Black Sea Economic Cooperation prior to the 63rd ExCo meeting in 
Istanbul in November 2010. Furthermore, abstracts have been submitted for presentation 
of the Task at the HFC2011 Conference in Vancouver in May 2011 and at the ASME 
Conference in Washington, in August 2011.



HYDROGEN IMPLEMENTING AGREEMENT

H I A

4

TASK 28

FUTURE WORK

ACTIVITIES/TARGETS FOR 2011

Activities and targets for 2011 are summarized in the following table:

ACTIVITIES/TARGETS BEYOND 2011

Activities and targets for the full Task are summarized in the following overview:
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DISTRIBUTED 
AND COMMUNITY 
HYDROGEN 
Federico Villatico Campbell

UNIDO-ICHET 

Sabri Ulker Sokak 38/4, 
Cevizlibag - Zeytinburnu, 
34015 Istanbul, Turkey

fvillatico@unido-ichet.org

+902124164848-117

Operating Agent for UNIDO

VITAL STATISTICS 

Term
Dates 11/11/2010 - 31/12/2013

Members
Canada 
France 
Greece 
Japan
New Zealand 
UK 
UNIDO 
USA

Expert Participants 
10 (including OA)

2011 Meetings
9th -11th February 2011 
Istanbul, Turkey;
12th-13th September 2011
Edinburgh, Scotland

PURPOSE 

Th e proposal is to study hydrogen systems integrating with electricity and other energy 
and mobility networks. Th e Task should have considerable industrial input intended to 
move hydrogen systems to commercialization. Th e purpose of Task 29 is to progress the 
optimization and replication of “green” hydrogen within distributed and community 
energy systems. Th is will be accomplished by identifying situations where the use of 
hydrogen is appropriate and assessing the technical, environmental, economic, and social 
benefi ts of such systems. Th e Task will focus on H2 applications in energy communities 
and distributed systems, mostly involving stationary applications but also looking at 
potential benefi ts for transportation. An energy community is defined as a group of 
people living in a common location featuring shared geographical location and energy 
needs. Communities to be considered should include up to 1000 people and the total 
installed power capacity of the hydrogen energy technologies (both producing and 
consuming hydrogen) in the communities should not exceed 500 kW.

STATUS OF THE TECHNOLOGY

STATUS OF THE TECHNOLOGY

Since DISCO-H2 is focusing on H2 
application in communities, in order to 
defi ne the status of the technology an 
analysis case by case of the various applied 
technologies needs to be done. Some of them 
are in a start-up phase and need to prove the 
concept, while some others are in an early 
market phase and are currently aiming at 
demonstrating their technical reliability so to 
gain soon an improved economical viability. 
Due to the fact that the Task is looking into 
real life applications, the TRLs may range 
from TRL 7 to TRL 10 depending on the 
analyzed project.

TRL 10

TRL 9

TRL 8

TRL 7

TRL 6

TRL 5

TRL 4

TRL 3 

TRL 2

TRL 1Basic Research

Applied Research

Critical Function, i.e., 
Proof of Concept Established 

Laboratory Testing/
Validation of Alpha Prototype 

Component/Process  

Laboratory Testing of 
Integrated/Semi-Integrated 

System   

Prototype System Verified  

Integrated Pilot System 
Demonstrated  

System Incorporated in 
Commercial Design   

Program Management and 
Market Development

/Support Activities
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e 
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System Proven and Ready 
for Full Commercial 

Deployment 
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FRAMEWORK SUMMARY

Task 29 is organized in fi ve subtasks (STs) as depicted in Figure 1. 

Figure 1: Flow chart of Subtasks

ST1 and ST5 run for the whole duration of the Task dealing with management and 
dissemination issues. Th ey are led respectively by UNIDO-ICHET (Operating Agent 
(OA) of DISCO-H2) and HyER. ST2 produces as an output the selection of six projects 
representing the core group based on which three DISCO-H2 models concept will be 
extrapolated. CRES and AIST are ST2 and ST3 coordinators. Finally, ST4 provides an 
economical analysis for the concept applicability in order to achieve market penetration. 
In addition it assesses advantages and disadvantages of the three DISCO-H2 concepts.
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MEMBERS
Task Member and Expert Table

TASK 
29

COUNTRY
 EXPERT NAME 

(SUBTASK LEADER)
INSTITUTION NAME

1 Japan Hiroshi Ito (ST3 lead) AIST - National Institute of Advanced 
Industrial Science and Technology

2 France Aline Rastetter Alphea

3 Greece Emmanuel Stamatakis (ST2 lead) CRES - Centre for Renewable Energy Sources

4 France Jean-Christophe Hoguet Helion

5 Canada  Raymond Schmid  Hydrogenics 

6 France Marieke Reijalt (ST5 lead) HyER

7 UNIDO Federico Villatico Campbell 
(Operating Agent, ST1 lead)

ICHET - International Centre for Hydrogen 
Energy Technologies

8 New Zealand Alister Gardiner (ST4 lead) IRL - Industrial Research Limited

9 USA Robert Friedland Proton On Site 

10 UK Daniel Aklil Pure Energy

MEMBERSHIP CHANGES 

Since the beginning of the Task, NREL from USA and ITC from Spain withdrew from 
the consortium, as they both encountered fi nancial troubles to cover the necessary Task 
funding. ITM from UK is in the process of becoming member.
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ACTIVITIES AND RESULTS IN 2011

PROGRESS AND ACCOMPLISHMENTS

According to the timetable (Fig. 2), during 2011, ST2 was running and the subtask is 
now completed.

Figure 2: Gantt Chart

It is organized into three main Activities:

A2.1 Community identifi cation 

A2.2 Data Collection 

A2.3 Projects selection.

Each activity produced a fi nal report as deliverable.

Activity 2.1 reviewed a worldwide hydrogen (H2) projects database. A list of about fi fty 
projects involving H2 technologies demonstration has been compiled, subdivided in the 
following categories: 

• Urban communities
• Rural and island communities 
• Industrial distributed H2 applications

Activity 2.2 (A2.2) assessed the identifi ed projects’ roster using also experience gained 
from Task 18, particularly related to technical issues. Moreover, the main studies already 
carried out on the subject (i.e. Roads2HyCom) have been consulted to fi ne tune the 
projects evaluation. A preliminary Strength, Weaknesses, Opportunities and Th reats 
(SWOT) analysis for a smooth and successful introduction of hydrogen Communities 
to the market/public has been performed. After the identifi cation of the S, W, O, and Ts 
in the SWOT exercise, success factors have been assigned to each S, W, O and T. Th ese 
success factors have been divided into four categories: 

• Economic
• Environmental/Technical 
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• Community (Social)
• Regulatory 

Eventually, a list of 18 projects was extracted. Th ese projects were considered to be 
compliant with DISCO-H2 targets as they guarantee a good balance in terms of 
geographical distribution and size, technology application and community type.

Finally, the activity A2.3 operated the fi nal selection of six projects that will constitute the 
core group to be analyzed more in details within ST3, running for the whole duration of 
2012. 

Th e ST2 results are the selection of the six following projects:

RURAL/ISLAND communities

HARP Project (CANADA): off -grid application with real community involved in the 
project, and involving two energy storage technologies to be compared (H2 and redox 
battery)

MYRTE Project (EU): grid-connected renewable energy storage application on an island

LOLLAND Project (EU): combined heat and power (CHP) application with strong 
community involvement in a rural area

URBAN communities

OCTAGON (US): green building application inside a city

CHP Japan (JAPAN): CHP application in urban area. 

INDUSTRIAL communities

HyLog (EU): Forklifts (industrial) application in a warehouse coupled with PV panels.

In addition, two projects are also selected as either back-up option or complements of 
information for Subtask 3 works:

H2SUSBUILD (EU): a sustainable building featuring RES and H2 energy

FITUP (EU): an industrial application deploying some 20 FC back-up systems for 
telecommunication application.

Th e selection of the six fi nal projects as an output of ST2 marks the achievement of the 
fi rst Task milestone (M1). Th e following milestone to be accomplished is the defi nition of 
the three DISCO-H2 models at the end of 2012 as described in Table 2. 

Table 1: Milestones list

MILESTONE N. MILESTONE NAME ST N. MONTH

M1 Target projects identifi cation 2 12

M2 (DISCO-H2) models defi nition 3 24

M3 Final Task evaluation 4 36



HYDROGEN IMPLEMENTING AGREEMENT

H I A

6

TASK 29

OUTREACH AND COMMUNICATION

Summary of Strategy and Activities 

Th e strategy of DISCO-H2 foresees a set of workshops to disseminate the Task results. 
In the second half of 2012, the fi rst workshop is targeted to be associated to the second 
annual meeting and to a major EU event which shall be organized in Brussels. 

See Task Communication and Outreach Table below.

TASK 
29

PUBLICATION /  PRESENTATION NAME PUBS PRES

1 Participation aux travaux du groupe DISCO-H2 de l’IEA/HIA 1

2 “Renewables and Hydrogen:
 an opportunity for Communities” 1

3 Distributed and Community Hydrogen (DISCO-H2) 1 1

4 LCES: Task 29 -  Distributed and Community Hydrogen (DISCO-H2) 1

SUB-TOTAL 2 3

Task websites 

www.disco-h2.org 

FUTURE WORK

ACTIVITIES AND /OR TARGETS FOR 2012

Th e target for 2012 is the achievement of milestone n. 2, namely, the defi nition of the 
three DISCO-H2 models, one per each of the three communities’ categories identifi ed.

ACTIVITIES AND/OR TARGETS BEYOND 2012 

Th e workshops organization linked to the next annual meetings of the Task is one of the 
main goals DISCO-H2 consortium is working on, in order to widely disseminate the Task 
results. Toward this direction, since this fi rst year, contacts with relevant stakeholders are 
being carried on.

R&D CHALLENGES 

DISCO-H2 carries no major R&D challenges as it is mostly focused on an analytic and 
dissemination type of work based on existing projects. However, the team is challenged 
to produce a useful tool (in the form of a document) that can suggest to communities 
the correct hydrogen energy solution tailored on their energy case and encourage their 
investments in order to increase the penetration of renewable energy into the energy mix. 
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REFERENCES

SELECTED KEY PUBLICATIONS

1] E.I. Zoulias, R. Glockner, N. Lymberopoulos, T. Tsoutsos, I. Vosseler, O. Gavalda, H.J. 
Mydske, P. Taylor, “Integration of hydrogen energy technologies in stand-alone power 
systems analysis of the current potential for applications”, Renewable and Sustainable 
Energy Reviews, 10 (2006) 432–462

2] STORIES Project, Deliverable D2.2, Market applications for energy storage methods and 
RES units: Case studies

3] “Market Potential Analysis for Introduction of Hydrogen Energy Technology in Stand-
Alone Power Systems”  Contract No. 4.1030/Z/01-101/2001

4] Roads2HyCom, Hydrogen and Fuel Cells - A Handbook for Communities, Volume B: 
Project planning, EUROPEAN COMMISSION, Community research (2008)

5] Roads2HyCom, Hydrogen and Fuel Cells - A Handbook for Communities, Volume A: 
Introduction, EUROPEAN COMMISSION, Community research (2007)

6] Roads2HyCom, Mapping of existing European Hydrogen Demonstration Sites, 
EUROPEAN COMMISSION, Community research (2007) 
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GLOBAL HYDROGEN 
SYSTEMS ANALYSIS
Dr. Susan Schoenung 

Longitude 122 West, Inc.  

885 Oak Grove Avenue, Suite 
304 Menlo Park, CA 94025 
USA

susan.schoenung@sbcglobal.
net 

+1 650 329 0845 
Operating Agent for USA

Mr. Jochen Linssen 

Forschungszentrum Jülich  
GmbH 

in der Helmholtz 
Gemeinschaft, 52425 Juelich, 
Germany 

j.linssen@fz-juelich.de 

+49 2461 61 3581
Operating Agent for Germany

VITAL STATISTICS 

Term

2010 - 2013

Members
Canada
France
Germany
Greece
Italy
Japan
Norway
Spain
Sweden
United States

Expert Participants
16

PURPOSE

To undertake hydrogen analysis that represents the expertise of the Hydrogen Implementing 
Agreement with respect to future hydrogen supply, demand and utilization. Th e IEA HIA 
created Task 30 in order to address the hydrogen information gap by providing coherent 
and balanced analysis that provides a clearer picture of hydrogen R&D needs and the 
future of hydrogen technology in the global economy.

FRAMEWORK SUMMARY 

Subtask A -  Global hydrogen resources: detailed modeling

Subtask B -  Updating and harmonization of hydrogen database

Subtask C - Collaboration with IEA Analysis section in Paris: 

MEMBERS 

Task Member and Expert Table 

COUNTRY EXPERT INSTITUTION 

France Alain le Duigou CEA

Sweden Bengt Ridell Grontmij AB

Canada Cheri-Ann MacKinlay/ Lynda Palombo National Resources Canada

Germany Clemens Trudewind Forschungszentrum Jülich

USA Dave Reichmuth Sandia National Laboratories

Greece Eli Varkaraki CRES

Japan Isamu Yasuda Tokyo Gas Co., Ltd.

USA Jay Keller US DOE

Spain Javier Dufour/ Diego Iribarren IMDEA Energy

Germany Jochen Linssen Forschungszentrum Jülich

Norway Kari Espegren Institute for Energy Technology

Italy Marco Brocco, Walter Perna ENEA

Spain Maria del Pilar Argumosa INTA

Expert participation is encouraged from all HIA members.  Possible additional members 
include Australia, Denmark, Korea and UK. Input data from IPHE countries not 
involved in the IEA HIA is made possible through Annex IV of the Memorandum of 
Understanding between the IEA HIA and the IPHE.  Active eff ort on the part of Task 30 
is underway to obtain IPHE data through this Annex, which became eff ective in October 
2011.
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2010 Meetings
September 16-17, 2010
Juelich, Germany
December 2, 2010
Paris, France (Subtask C)

ACTIVITIES AND RESULTS IN 2011

PROGRESS AND ACCOMPLISHMENTS 

Th e fi rst regular experts meeting of Task 30 took place in Paris in Spring 2011. CEA 
hosted the meeting. In addition, the working meeting experts of the analysis section of the 
IEA responsible for the publication “World Energy Outlook” and “Energy Technology 
perspectives” joined the meeting. Th e approved work plan of October 2010 was developed 
further and detailed work plans for the subtasks were discussed. Together with all experts 
an agreement on action items was adopted. In order to further the development and 
adoption of a cooperation process with IEA analysis section, possible modes of interaction 
as well as the establishment of a data exchange and quality assurance process were 
discussed. 

Th e second expert meeting was hosted by the Secretariat of  IEA HIA and Longitude 122 
West, Inc in Bethesda. First results of the resources analysis in Subtask A were discussed 
and the experts agreed on further data input and checks. For Subtask B, the data structure 
of the hydrogen technology database was introduced and needed inputs of the experts 
identifi ed. A handbook was proposed for describing the data. Th e ongoing collaboration 
process with the IEA HIA analysis section was discussed and ways to establish this process 
proposed.

Th e Task 30 experts did a concerted review of hydrogen related input data to the ETP 
2012.

As part of the IEA HIA, Task 30 prepared an input to the IEA CERT workshop at 
November 19–20. Th e workshop focused on fl exible energy systems and storage. In 
addition to hydrogen’s potential for long term solutions for low carbon energy supply 
systems, hydrogen was discussed intensely as an interesting storage option 

Th e installed private website is used for exchanging working materials and preparing 
meetings and web conference calls. To support 
collaboration, fi ve (5) web conferences took place 
over the year 2011. An exchange of knowledge 
and data with Task 28 (Large scale infrastructure) 
also took place.

OUTREACH AND COMMUNICATION

Under the umbrella of the IEA HIA, Task 30 was 
involved in the review process of the IEA ETP 
2012. For the design of the hydrogen technology 
database there is a steady information exchange 
with the analysis group of the IEA. Th e hydrogen 
technology database will be available for countries 
participating in Task 30. 

Th e reporting to the HIA ExCo will be done by 
semi-annual reports and presentations and annual 
reports.
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FUTURE WORK

ACTIVITIES AND /OR TARGETS FOR 2011

Task 30 set up a share point server with a public and private access (http://iea-hia-task30.
com) in order to maintain an information exchange process regarding data, reports, 
publications etc.  .

Task 30 has defi ned the following near-term products:
• A Handbook for data management and analysis
• Article on modeling approach for international resources. (Results will be published after 

being vetted by the experts and IEA HIA.)

Our targets include:

Subtask A: Initial data sets of resources and demands, along with preliminary 
model and analysis results.

Subtask B: Initial data sets for hydrogen production, storage and end use 
components including a handbook of the database; review of WEO and ETP 
data sets 

Subtask C: Input to WEO and ETP activities within their time frame

ACTIVITIES AND/OR TARGETS BEYOND 2011

In 2012, the Task 30 Spring experts meeting may again be held in Paris, and would 
include a joint session with the IEA HIA. Th e autumn experts meeting will take place in 
Oslo, Norway. IFE will host the meeting.

R&D CHALLENGES

Challenges include fi nding consistent data for performance coeffi  cients, resources, costs, 
and scaling projections.

REFERENCES

Selected key publications: 

AUTHOR(S) TYPE TITLE JOURNAL/ CONFERENCE/ ETC.

J. Linssen, S. 
Schoenung Presentation Global Hydrogen Systems 

Analysis
BSEC Workshop, Istanbul, Turkey, 9th to 

10th  November 2010 

K. Espegren et al. Presentation Integrated energy systems: 
Hydrogen

IEA CERT Workshop: Integrated energy 
systems of the future, 7-8 November  2011; 

IEA Headquarters, Paris, France

S. Schoenung et al. Presentation 
IEA HIA Annex 30 

Global Hydrogen Systems 
Analysis

World Hydrogen Conference 2012, 3–7 
June 2012 Toronto, Canada
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TASK 31

HYDROGEN SAFETY
William Hoagland
Element One, Inc.

7253 Siena Way, Boulder, 
Colorado  80301, USA

bill@hoagland.us

+1 303 530-1140

Operating Agent for Canada 
and the United States

VITAL STATISTICS

Term
Phase 1: 2010-2013

Members
Canada
France
Germany
Greece
Italy
Japan
Norway
Switzerland
The Netherlands
United Kingdom
United States

2011 Meetings:
April 21-23, 2009, 
Karlsruhe, Germany
September 15, 2011, 
San Francisco, California, USA

PURPOSE

Th e purpose of the Hydrogen Safety Task is to develop and conduct eff ective risk 
management techniques, testing methodologies, test data, and targeted information 
products that will facilitate the accelerated adoption of hydrogen systems.   Th e specifi c 
objectives of this task are:

• to develop testing methodologies around which collaborative testing programs can be 
conducted;

• to collect information on the eff ects of component or system failures of hydrogen systems; 
and

• to use the results obtained to develop targeted information packages for selected hydrogen 
energy stakeholder groups. 

STATUS OF THE TECHNOLOGY 

STATUS OF THE TECHNOLOGY

Th e lack of operating experience with hydrogen energy systems in consumer environments 
continues to be a signifi cant barrier to the widespread adoption of these systems and the 
development of the required infrastructure.  During recent years, a signifi cant international 
eff ort has been initiated for the development of necessary codes and standards required 
for the introduction of these new systems.  However, such codes and standards are 
usually developed through operating experience in actual use that is accumulated over 
time.  Without such long term experience, there is a natural tendency for such codes and 
standards to be unnecessarily restrictive, and impacts other areas such as insurance and 
public acceptance.

TECHNOLOGY READINESS LEVELS

Physical Phenomena and Modeling: Th is task is at Technology Readiness Level 4 - 
design, development, and lab testing of technological components have been performed.  
Results provide evidence that applicable component/process performance targets may be 
attainable based on projected or modeled systems. 

Hydrogen Storage Systems and Materials: Laboratory Testing/Validation of Alpha 
Prototype Component/Process.  Design, development, and lab testing of technological 
components have been performed.  Results provide evidence that applicable component/
process performance targets may be attainable based on projected or modeled systems.

Early Markets: Risk Identifi cation and Hazards: Laboratory Testing of Integrated/Semi-
Integrated System.   Component and/or process validation in relevant environment (beta 
prototype component level). 

FRAMEWORK SUMMARY

Acceptability of new systems is traditionally measured against regulations, industry 
and company practices, and the judgment of design and maintenance engineers.  
However, contemporary practice also incorporates systematic methods to balance risk 
measurement and risk criteria with costs.  Management decisions are increasingly relying 
on Quantitative Risk Assessment (QRA) to achieve acceptable levels of safety, reliability, 
and environmental protection in the most eff ective manner. QRA is being applied more 
frequently to individual projects and may be requested by regulators to assist in making 
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acceptance and permitting decisions. Th is task is a follow-on task to Task 19 (2004-2010) 
and was approved in 2010 for a period of three years.   It is being accomplished within 
four subtasks:

SUBTASK A - PHYSICAL EFFECTS KNOWLEDGE GAPS

Th is subtask will address knowledge gaps on the physical and chemical 
properties of hydrogen as a gas or a liquid in support of the work performed in 
the other subtasks and to increase the knowledge base on hydrogen properties 
relevant to safety issues. Th e task will tackle issues pertaining to sources, 
release phenomena, dispersion processes, ignition, and combustion modes. 
Experimental, theoretical, and numerical analyses are covered by this task.

Credit: Telemark University

Credit: Gexcon

SUBTASK B – HYDROGEN STORAGE SYSTEMS AND MATERIALS  

During the period November 2010 through October 2013, Subtask B plans to 
focus on the following technical areas:
• Safety, reactivity, and risk mitigation of hydrogen storage in diff erent forms
• Safety and risk mitigation measures of hydrogen storage systems and system 
interfaces for mobile and stationary applications
• On-board vehicular storage systems materials compatibility issues
• Enabling technologies for fi re suppression systems and fi re suppression agents 
compatible with hydride storage material
• Safety categorization framework for hydrogen storage materials and associated 
life cycle impact assessment (LCIA)

SUBTASK C - EARLY MARKETS: RISK IDENTIFICATION AND HAZARD 
ANALYSIS

Commercialization of new hydrogen technologies for mobility, stationary, and materials 
handling applications will result in potential signifi cant involvement of consumers. Th is 
dictates an adjustment of traditional approaches to risk characterization and hazard analysis 
of industrial hydrogen, focused mostly on operator/worker safety to a new reality: widely 
exposed members of the public. Safety assessment methods, data, and use of prevention 
and mitigation features need to be tailored to address the specifi cs of early markets which 
include a lack of data and understanding of specifi c phenomena. Improvement in the 
data, models, and risk assessment methods are needed in order to generate defensible 
RCS requirements.  Th is new reality underlines the need to establish systematic data 
collection from new hydrogen-based operating facilities (i.e. hydrogen forklift materials 
handling facilities, car and bus fl eets, stationary power units, etc.), specifi cally failure/
leak frequency data.  Since new technologies are penetrating densely populated urban 
environment, special attention should be paid to risk mitigation technologies and 
methods such as sensors, barriers/walls, and safety distances.  Th ese fi ndings and methods 
are being analyzed and communicated to relevant stakeholders within international codes 
& standards development activities to ensure those requirements are risk-informed and 
evidence-based. 
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2011 Expert 
Participants (31)

Canada
Andrei V. Tchouvelev
Aaron Hoskin
Pierre Bénard

EC
Daniele Baraldi
France
Gilles Bernard-Michel
Sidonie Ruban

Germany
Thomas Jordan
Greece
Alexandros Venetsanos

Italy
Alessia Marangon
Marco Carcassi 

Japan
Kenji SATO 
Sam Miyashita

Norway
Dag Bjerketvedt
Olav Roald Hansen
Prankul Middha

The Netherlands
J.M. (Koos) Ham
Nico Versloot 

UK
Deborah Willoughby 
Philip Hooker
Stuart Hawksworth 
Vladimir Molkov 

USA
Bill Pitts 
William Bu  ner
Chad Blake
Daniel Dedrick
Jiann Yang
Jay Keller
John Khalil 
Jeff rey Lynn Lachance 
Carl Rivkin
Steven C. Weiner

D.  SUBTASK D - KNOWLEDGE ANALYSIS, DISSEMINATION, AND USE  

Credit PNNL

Safety knowledge tools can take many forms and serve to help disseminate the wealth 
of information that already exists on the safe use and handling of hydrogen, as well asto 
remove barriers to the successful commercialization of hydrogen and fuel cell technologies. 
Th is subtask will enhance databases and websites that have been integral work products 
and accomplishments of Task 19.  New tools and collaborations will be developed to serve 
worldwide interest in expanded applications of hydrogen and hydrogen systems.  Subtask 
D supports the work product development in the other subtasks to ensure that knowledge 
dissemination for broad use becomes an integral goal of Task 31 as a whole.  Subtask D 
work scope includes the following collaborations: 

D.1 Hydrogen Incident Reporting, Analysis, and Lessons Learned

D.2 Hydrogen Safety Best Practices

D.3 Hydrogen Safety Bibliographic Database

D.4 HyTEX Database

D.5 Training Materials for Regulators and Public Safety Offi  cials

D.6 Risk Communications

ACTIVITIES AND RESULTS IN 2011

PROGRESS AND ACCOMPLISHMENTS

Th e key accomplishment of the hydrogen safety task is in the value of sharing research 
results and the insights gained insights during the technical experts meetings.  Th is 
collaborative activity is a great aid to harmonising research results and to identifying 
gaps in the current R&D programs.. It results in a unifi ed voice that provides consistent, 
technically based input to the development of risk-informed regulations, codes and 
standard development.

Task Experts Meetings. Two experts meetings were conducted during 2011.  Th e task 
conducted a kickoff  technical experts meeting April 11-13 in Karlsruhe, Germany, hosted 
by the Karlsruhe Institute of Technology (KIT).  Th e objective of the kickoff  meeting was 
to review the work plan and discuss how the collaboration would proceed. During the 2½ 
day meeting, each of the participating experts presented their related work and described 
what collaborative data would be produced to support the work plan and what additional 
data was needed to achieve the established goal of the task.  A task experts meeting was also 
conducted as a one-day Task 31 meeting immediately following the Fourth International 
Conference on Hydrogen Safety (ICHS4). Because virtually all participating experts 
presented one or more peer reviewed papers during the conference, it was not necessary to 
required separate presentations to the task meeting, but the meeting was used for specifi c 
discussions on the collaboration and the products to be completed during the three-year 
period of the task.
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End of Task Stakeholder Workshops. During the consideration of the most eff ective 
manner of dissemination of the results of Task 19, Hydrogen Safety, the conduct of 
workshops or seminars was proposed to convey the results of the task and to begin a 
dialogue with stakeholders concerning the issues of safety while there are not suffi  cient 
regulations, codes and standards to guide the design and approval of such systems.  Th e 
conduct of HIA workshops was fi rst considered after the IEA HIA became a co-organizer 
of the Th ird International Conference on Hydrogen Safety in September 2008. 

Two workshops were originally planned to be held in 2011, one in Europe and one in 
North America, but they have been delayed until late 2012 pending suffi  cient sponsorship.  
Th e size of the workshop will be a maximum of 75 persons and the invitation list for these 
workshops will be carefully developed to ensure that the workshops have the right mix of 
stakeholders.

White Papers/Position Paper. Th e task intends to develop a series of white papers that are 
on subjects where the collaboration has resulted in a consensus on a particularly technical 
or outreach topic.  During 2011 one White Paper, “Safety Knowledge Tools Enhanced by 
International Collaboration, a White Paper of the International Energy Agency Hydrogen 
Implementing Agreement Task 19 – Hydrogen Safety” was drafted and published.  At least 
one other white paper is under development. as well as a Position Paper the task will draft 
on the issue of hydrogen safety concerning its use as a fuel in consumer environments.

MILESTONES AND STATUS

 Spring 2011 Task 31Experts Meeting – Complete

 Fall 2011  Task 31 Experts Meeting – Complete

 Spring 2011     European End of Task Workshops – Delayed to late 2012

 Fall 2011 North American End of Task Workshop – Delayed to late 2012

OUTREACH AND COMMUNICATION

Strategy and Activities

Most of the world’s experts on hydrogen safety are participating in this task, and they are 
active in the International conference on Hydrogen Safety which is held every two years. 
Th e last meeting was held in San Francisco, California, USA in September 2011 where 
Task 31 experts were authors of 33 presented papers and posters.  
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Task Communication and Outreach Table 
PUBLICATION /  PRESENTATION NAME PUBS PRES

International Collaboration on Hydrogen Safety 1 1

CFD Analysis 1 1

Introduction to Hydrogen Safety Engineering 1 1

Lessens Learned Fron Safety Events 1 1

HIAD Hydrogen Accident and Incident Database 1 1

A Homogeneous Non-equilibrium Two-Phase Critical Flow Model 1 1

Simulation of High Pressure Liquid Hydrogen Releases 1 1

Experimental Releases of Liquid Hydrogen 1 1

CFD Computations of Liquid Hydrogen Releases 1 1

CFD Modeling of LH2 DispersionUsing the Adrea-HF Code 1 1

Numerical Investigation of a Verticaql Surface on the Flammable Extent of Hydrogen and 
Mtthane Vertical Jets 

1 1

Numerical Investigation of Subsonic Hydrogen Jet Relaease 1 1

Natural and Forced Ventilation of Buoyant Gas Released in a Full-Scale Garage 1 1

Duispersion and Burning Behavior of Hydrogen Released in Aa Full-scale Residental 
Garage in the Presence and Absence of Conventional Automobiles

1 1

Hydrogen Fuel Cell Forklift Releases in Enclosed Spaces 1 1

Validation Testing in Support of Hydrogen Codes and Standards Development 1 1

Development of an Italian Fire Prevention Technical Rule for Hydrogen Pipelines 1 1

Safety Assessment of Unignited Hydrogen Discharge From Onboard Storage in Garages 
with Low Levels of Natural Ventilation

1 1

Heliumk Release in a Closed Enclosure: Comparisons Between Simple Models, CFD 
Calculations and Experimental Results

1 1

IAHySafe Standard Benchmark Exercise SBEPv21: Huydrogen Release and Accumulation 
withing  NON-VENTILATED Garage

1 1

Les Modelling Of Hydrogen Release And Accumulation Within A Non-Ventilatied 
Ambient Pressure Garage Using Th e Aderea-Hf Cfd Code

1 1

Measurements Of Eff ective Diff usion Coeffi  cient Of Heloum And Hydrogen Th rough 
Gypsum

1 1

Th e Correlation Method To Analyze Th e Gas Mixing Process On Th e Basis Of Bos 
Method

1 1

Experimential Study Of Hydrogen Releases In Th e Passenger Compartment Of A Piaggio 
Porter

1 1

Hydrogen Methan Mixtures: Dispersion And Stratifi cation Studies 1 1

Stydy Of Potential Lealage On Several Stressed Fittings For Pressures Up To 700 Bar 1 1

Use Of Hydrogen Safety Sensors Under Anaerobic Conditions - Impact Of Oxygen 
Content On Sensor Perforance

1 1

Self Ingition Of Hydrogen Jet Fires By Electrostatic Discharge Induced By Entrainded 
Particulates

1 1

Simulation Of Ddt In Hydrogen-Air Behind A Single Obstacle 1 1

Modeling Of Th e Flame Acceleration In Flat Layer For Hydrogen-Air Mixtures 1 1

Modeling Of Hydrogen Jet Fires Using Cfd 1 1

Determiantion Of Characteristic Parameters For Th e Th ermal Decomposition Of Epoxy 
Resin/Carbon  Fiber Composites In Cone Calorimeter 

1 1

Fire Risk On High Pressure Full Composite Cylinders For Automotive Appliiations 1 1

TOTAL 33 33
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Task web sites 

Task 31 and its predecessor task have maintained three web based sites for the sharing of 
information.  Th e fi rst site created was www.ieah2safety.com which was used for all public 
reports generated under Task 19.  Th at site also had a password protected, members-only 
section to house private documents and presentations for the 10 experts meeting held since 
2004.  In 2011, a SharePoint site was established with the assistance of Sandia National 
Laboratories.  It is only available to approved users, whoare primarily the task experts 
from participating countries.  Before a document is made public, it must undergo a strict 
vetting procedure to ensure that no sensitive information is released without participants’ 
agreement. Th e third web site is the HyTex database hosted by the University of Quebec, 
Trois Riviere.  Th is web site is still being populated and is not yet public. 

FUTURE WORK

ACTIVITIES/TARGETS FOR 2012

Development of a simplifi ed, risk informed method for assessing risk  
October 2013

Complete population of HYTEX Database 
Nov 2009

 ACTIVITIES/TARGETS BEYOND 2012

Th e task ends in October 2013. No follow-on task has as yet been proposed, however, a 
recommendation will be forthcoming in the Spring 2013.

R&D CHALLENGES 

Th e main R&D challenges to accomplishing the Task goals is identifying and fi lling in 
knowledge gaps needed to develop a risk informed methodology for assessing risk before 
there is suffi  cient operating experience.  Th is collaborative eff ort makes effi  cient use of 
resources by sharing results and coordinating input to national programs and international 
codes and standard development.


