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Executive Summary
Japan, arguably, leads the world in fuel cell and hydrogen technologies. This has come about through sustained public and private investment in technology development over the past twenty years covering both low and high temperature fuel cell systems.  The focus of R&D has changed over these years, and in recent times efforts have been very much directed at commercialisation of PEFCs (Polymer Electrolyte Fuel Cells) as sources for embedded generation for domestic and office buildings.
In this fiscal year, the Japanese government will invest over 32 billion yen (£170m) into a national project on fuel cells and hydrogen.  The Japanese government views fuel cells as not only a clean and efficient source of power generation contributing towards its Kyoto protocol targets, but also as a means to alleviate an over reliance on crude oil imports.  Further, explosive growth in fuel cell markets from around the year 2010 onwards is also expected to lead to significant wealth creation opportunities for Japanese companies. In light of these reasons, fuel cells are almost assured of growing support from public funds year after year.

In terms of government funded research, METI’s closely affiliated New Energy & Industrial Technology Development Organisation) controls the bulk of public spending and this is distributed between two programs on PEFC & hydrogen technologies and high temperature fuel cells.  The PEFC program has moved away from system development and is now focused on bringing down the manufacturing cost, improving component technologies and setting in place the necessary engineering and safety standards.  In parallel with this, research on hydrogen continues to be supported under a major new initiative that builds upon the results of the ten year WENET project.  On high temperature fuel cells, work on MCFC systems has entered its final phase of development (2001-2004) with the program centered on pressurised compact modular systems. SOFC technologies, whilst not as advanced as MCFC, are also being developed by a number of Japan’s electric utilities together with materials and heavy industrial firms also involved.  The focus is on developing stack materials 

There is a broad and diverse array of Japanese companies undertaking development of either entire fuel cell systems or component technologies.  Low temperature FC system makers include most of Japan’s well known electrical appliance makers as well as a number of engineering and energy companies.  Commercialisation of small 1kW stationary systems is planned to start from next year onwards, although manufacturing costs will need to come to down to see any market uptake on an appreciable scale.

Apart from stationary systems, Japan’s automakers have world leading R&D efforts on FCVs.  Highlighting the level of progress, Toyota and Honda leased their first commercial vehicles to the central Japanese government last December.  Hydrogen technologies are an integral component of FCV development and both Japanese government and the private sector are working on both infrastructure development as well as on-board storage systems.  Beyond this, applications of fuel cells as micro power sources for mobile electrical appliances is also a key feature in private research, with Japan’s big electronic firms undertaking aggressive programs on largely DMFC related research.

In light of the UK’s vision for a low-carbon future as well as a new initiative to strengthen energy research, expanding the level of interaction between our research communities in the sphere of fuel cells and hydrogen would be a worthwhile exercise, especially given the opportunities to learn from the Japanese experience. 

 Background

This report gives an update on Fuel Cell Technology (FCT) development in Japan covering both public and private sector activities.  In addition to this, an overview of current government policy and budgets for this financial year is provided.

Fuel cell development in Japan is not a recent phenomenon.  In terms of government research alone, NEDO has been active in this area since the early 1980s.  Initial efforts were focused on PAFC (Phosphoric Acid Fuel Cell) as well as high temperature MCFC (Molten Carbonate Fuel Cell) systems. However, a marked change in direction in the mid to late 90s has shifted the spotlight firmly onto PEFC system and hydrogen technology development. Apart from this, Japan also continues to invest into high temperature fuel cells (SOFC, MCFC) for large-scale power generation applications.

On the policy side, the Japanese government established an expert committee in December 2000 to advise on fuel cell commercialisation strategies.  Key findings of this committee, including estimated timeframes to market as well as envisaged technical and regulatory hurdles, were incorporated into a broader review of Japan’s long term energy policy that was completed June 2001. Outcomes of this review included the setting of ambitious new targets for introduction of stationary and vehicular fuel cells, as well as the creation of a national project on PEFC and hydrogen development in August 2001.  This national project continues to be administered by METI which controls the lion’s share of Japan’s public spend on FCTs. Cross ministerial co-operation was also strengthened last year when a series of meetings from February were convened for top ranking officials from ministries (METI, MLIT and MofE) with FC related activities.  The aims of the meeting were to ensure a high level of coherency in policy objectives and resource allocation, as well as to set a course for review of Japan’s regulatory framework, seen by private industry as being a serious obstacle to introduction and market expansion of FC systems.

In the private sector, a broad based representative body known as the Fuel Cell Commercialisation Conference of Japan (FCCJ) was formed in March 2001.  This organisation represents the interests of around 137 companies covering system makers, component and material suppliers.  The overall objective of this organisation is to expedite market entry of fuel cells by taking a collaborative approach on non-competitive areas – engineering and safety standards, test methods, and lobbying the government on regulatory hurdles.

In the most recent major development, the Japanese government has embarked on a hydrogen and fuel cell demonstration project centred in the Tokyo-Yokohama city area.  This project covers both stationary and vehicular applications with a total of 5 hydrogen fuelling stations constructed as well as numerous installations of fuel cell CHP (Combined Heat and Power) units in domestic homes and office buildings.  This has been a major commitment by the Japanese government to provide a pilot scale infrastructure such that companies can further their own R&D programs as well as heightening public awareness.  In many senses, this scheme approximates the Japanese version of the well known California Fuel Cell Partnership.

current Government Policy & Budgets
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Overall Japanese energy policy is focused on security of supply and then, as a signatory nation to the Kyoto protocol, on achieving this through low carbon energy production. The Japanese government recognises that stimulating uptake of “New Energies” (mostly renewable) contributes to both these ends through diversity of supply and by clean and efficient power generation.  FCTs fall under this banner of “new energies”.  As covered before, the Japanese government intensified its support for FCTs following a review of Japan’s long term energy policy and ambitious introduction targets were set at 2100MW of installed capacity and 50,000 vehicles by end of FY2010.  In terms of budgetary levels, the Japanese government continues to invest strongly in fuel cell technologies with 32.2 billion yen (£169 million, £1=190 yen) requested for FY2003, an increase of around 40% compared to last financial year. This trend is illustrated in the accompanying Figure 1 – note this covers all FCTs including PEFC, MCFC and SOFC as well as hydrogen related expenditure.

A number of major projects within this budgetary framework are detailed below.

· PEFC system development: 9.0 billion yen (£47 million)

· Hydrogen infrastructure development: 4.8 billion yen (£24 million)
· Fuel cell demonstration project: 3.9 billion yen (£20 million)
· Lithium ion battery development (for fuel cell vehicles): 2 billion yen (£10.5 million)

(Source: Agency for Natural Resources & Energy, Jan 2003)

technology development

1.1. PEFC – Stationary Systems

Polymer Electrolyte Fuel Cells (PEFC) are currently the mainstay of Japan’s public and private industry’s fuel cell development program.  As one indicator, around 80% (£92 million) of the total public spend on FCTs in FY2002 will be directed into PEFC and hydrogen related areas.

1.1.1. NEDO Projects

The majority of government sponsored PEFC development is administered by NEDO (New Energy and Industrial Technology Development Organisation). In terms of overall trends, projects are now focused on reducing the cost of manufacture of PEFC systems and ensuring the necessary data for establishing relevant engineering and safety standards are available.  NEDO has also taken the initiative of setting up a new program to divert funds to universities for basic research on next generation fuel cell technologies, essentially FCs that can be operated at intermediate temperature ranges (150-300oC). A more detailed overview of these programs is provided below in Table 1, whilst details of the next generation fuel cell program can be found in Annex 2.

Table 1: NEDO’s PEFC & Hydrogen related budgets for FY2002 and 2003.

	
	Timeframe
	Budget

FY2003
	Budget

FY2002



	PEFC System Development


	2002-2004
	5.3

(£27.9m)
	5.3

(£27.9m)

	PEFC Component Technology Development


	2001-2004
	
	

	Next Generation PEFC System Project


	2002-2004
	
	

	Micro-PEFC Development (NEW)
	2003-2005
	0.24

(£1.26m)
	-

	Engineering & Safety Standards for PEFC systems
	2000-2004
	3.9

(£20.5m)
	3.1

(£16.3m)

	Hydrogen Technology Development (NEW) – (FY2002 budgets are for the WENET project)


	2003-2007
	4.8

(£25.2m)
	2.9

(£15.2m)

	TOTAL for PEFC & Hydrogen
	
	14.2

(£74.7m)
	11.3

(£59.4m)


1.1.2. Private Sector – System Makers

Private sector activities are very diverse. A large number of Japanese electrical appliance makers, heavy industrial firms, as well as energy companies are involved in either entire FC system development, or some part of it. Some firms such as Toshiba and Ebara have formed strategic alliances with overseas fuel cell makers, whilst car maker Toyota recently moved to exploit its in-house PEFC expertise by developing stationary systems with Aishin.  Although not exhaustive, a list of key players is provided in Annex 2.

Stationary systems are expected to penetrate the market well ahead of FCVs.  However, a difficult path to commercialisation ahead of system makers.  The major impediment is cost, and more specifically, manufacturing cost.  Fuel cell stacks are not well suited to mass production techniques, and in addition, contain significant quantities of expensive noble metal catalyst. Further, climate will have an impact on market size, as these systems are limited to applications that require heat as well as power.  Indeed, it should be noted that unless waste heat (hot water) can be utilised, fuel cells are not only more carbon intensive than centralised power generation, but also more expensive on a unit energy basis. Hence, most systems targeted for the Japanese markets at around the 1-1.5 kW class are designed to alleviate power draw from the grid rather than replace it.

1.1.3. Fuel Systems – Gas Reforming

Hydrogen or more typically a reformed alcohol or hydrocarbon gas such as methane or LPG (Liquefied Petroleum Gas) can be used to fuel PEFC systems. Osaka and Tokyo Gas, Japan’s two largest gas utilities, already have developed gas reforming packages for fuel cell systems and given their level of established gas supply infrastructure in the major population centres of Japan, town gas appears to be the clear winner for fuelling stationary systems. In particular, Osaka Gas has signed a number of contracts with system makers, such as Sanyo and H-Power, to supply the hydrogen production package for their FC systems.  In addition to this, Osaka Gas was also contracted by NEDO to construct one of the hydrogen filling stations as part of the WENET project.  Beyond, natural gas there is a range of fuel reforming technologies under development. Petroleum companies are in the process of developing catalytic reforming and partial oxidation reactors to transform the various grades of their products to a hydrogen synthesis gas.

1.2. PEFC – Automotive

Toyota Motor Corporation (TMC) and Honda Motors are clear leaders.  Both companies have made substantial investments into FCV R&D since the early 90s and have since assembled several prototype vehicles.  Perhaps best reflecting the level of progress is the news that two vehicles were procured by the Japanese central government last December on a lease basis.  The vehicles are Toyota’s FCHV-5 and Honda’s FCX-4; both powered by pure hydrogen fuel. Apart from passenger vehicles, Toyota together with Hino has also built a prototype bus.  Nissan, although somewhat lagging behind its competitors, has undertaken a major investment with joint shareholder Renault and will spend around 85 billion yen (£447 million) over the next five years on FCV development.  Nissan has also announced a tie-up with US based UTFC to jointly develop core fuel cell technologies. 

Whilst the specific nature of car makers R&D programs are highly guarded, on-board hydrogen storage, efficient and compact stack technologies as well as high performance secondary batteries or super capacitors are core components.  Hydrogen storage is the most crucial of these, and car makers are working together with component suppliers and specialist companies to develop ultra-high pressure (70MPa) storage vessels in order to extend vehicle range to that comparable with a conventional petrol powered vehicle.  Further, companies are also investing in basic research on hydrogen storage materials such as metal hydrides as well as chemical systems. As one example, Toyota has strengthened links with key materials institutes in Japan such as Tohoku University’s Institute of Multidisciplinary Research for Advanced Materials as well as creating a  £1 million pound grant scheme for university researchers in this area.  On road testing in Japan is expected to expand considerably with the commencement of the Japan Hydrogen & Fuel Cell Demonstration Project (JHFC), which has seen a pilot scale hydrogen supply infrastructure constructed in the Tokyo city area.

1.3. Hydrogen

The Japanese government has funded research into hydrogen technologies under the WE-NET project since 1992.   The project was completed at the end of last fiscal year with key achievements being the construction of three fuelling facilities using different production hydrogen methods. The initial aims were to develop bulk scale hydrogen production, storage and transport technologies, however in later stages efforts were redirected into establishing a pilot infrastructure (fuelling station) for fuel cell vehicles. A detailed coverage of this area can be found in the Embassy report titled “Hydrogen Development in Japan”.

1.4. High Temperature Fuel Cells – MCFC & SOFC

Japanese government and industry are active in developing high temperature fuel cells. MCFC system development has been ongoing since 1981 and has reached an advanced level with largely electric power utilities and heavy industrial firms involved. SOFC systems are nearing commercialisation level, however a number of technical hurdles especially cell durability have yet to be resolved.

1.4.1. NEDO Activities

NEDO supports development of both MCFC and SOFC high temperature fuel cells, albeit on a smaller scale than its PEFC and hydrogen program.  The FY2003 budgets for both of these programs, now in their third phase (2000-2004), are given below in Table 2.

Table 2: NEDO’s MCFC & SOFC budgets for FY2002 and 2003 – Phase III.

	
	Budget

FY2003
	Budget

FY2002



	High temperature fuel cell (MCFC/SOFC) technology development


	3.8

(£20m)
	3.3

(£17m)

	Gas refining technology for fuel cells


	1.1

(£5.8m)
	1.1

(£5.8m)

	High throughput hydrogen separation membrane for high temperature operation


	0.54

(£2.8m)
	0.6

(£3.2)

	TOTAL for MCFC & SOFC
	5.4

(£28.4m)
	5.0

(£26.3m)


On MCFC related efforts, in the third and final phase NEDO has shifted the focus from large-scale system development to developing compact sized modular systems that can be produced at low cost.  The target markets are embedded power generation for factories, office buildings and major public facilities, as well as retrofitting of ageing thermal power stations.  The ultimate goal is to develop a compact high performance 750kW system, which will be comprised of 2 pressurised modules (1.2MPa) with an overall efficiency of 47%.  The key players in this are system maker IHI whilst the operation and system evaluation is being undertaken by the MCFC Research Consortium. This consortium has representation from all of Japan’s electric utilities, as well as the Central Research Institute of Electric Power Industry (CRIEPI) and JFCC. In terms of concrete outcomes, IHI has installed and commissioned an external reforming pressurised (0.4MPa) 300kW class MCFC system at Chubu power’s Kawagoe plant, in addition to installing its first commercial unit at their Shin-Nagoya plant.  The former system will be used for durability trials, whilst the latter will be connected to a waste gasifier to demonstrate efficient power generation from refuse. The detailed design of the 750kW system has also been completed and construction will commence during the latter half of this year. In addition, IHI has previously installed a 1000kW system during the second phase of this project, which ran for a total duration of 4,200 hours.  It should be noted that given the mature level of MCFC technology NEDO has no current plans to continue this R&D program beyond FY2004.

NEDO’s program on SOFC development is targeted at developing modular stack technologies that require no external heating.  The rationale being that modular construction is a key factor in reducing production cost and self-sustaining systems are both more compact and efficient. In this area, a partnership between Mitsubishi Heavy Industries (MHI) and Chubu Power has built a 15kW prototype system using planar cells.  The system has been commissioned and based on its success, both companies are in the process of developing a commercial 50kW system.

Other players in high temperature fuel cells include a number of consortia, typically comprised of power utilities working in collaboration with materials and engineering firms.  One major thrust in this area is to lower the operating temperature of SOFC systems to around the 750 – 800oC range.  From an engineering viewpoint, realisation of this objective allows a wider range of materials selection including use of metals as electrodes and interconnects.  Current technologies employ ceramics for these components, which suffer from thermal expansion, relatively poor electrical conductivity and durability issues.

1.5. Micro Fuel Cells

Micro fuel cells are an area of key interest to Japan’s electronic firms, especially as power sources for high consumption appliances such as notebook PCs.  In terms of technology trends, most firms have settled on using methanol as the fuel source given that it can be used either directly in a DMFC or reformed at relatively low temperatures to a hydrogen rich gas.  On the balance, DMFC systems are attracting the most attention, although issues such as methanol crossover, water management and poor catalyst performance are hindering commercialisation.  In order to overcome some of these barriers, the Japanese government has initiated a program for R&D in this area from FY2003 onwards.

Table 3: Overview of micro fuel cell development in Japan

	Company Name
	Research Base
	Main Activities

	Hitachi
	Hitachi Laboratories (Ibaraki)
	· 2002, Fuel cell and battery project group formed in Ibaraki research centre comprised of researchers from various arms of the Hitachi group including Hitachi chemicals, Hitachi Metals, and Maxell Hitachi

· R&D focused on DMFC, advanced membranes to prevent methanol cross-over and nanoparticle catalysts

· Expected commercialisation in year 2005 for PC notebooks

	Toshiba
	R&D Center

(Kawasaki)
	· Development of DMFC fuel cell for note book PCs giving 5hrs run time at max output of 20W (fuelled by 50ml methanol cartridge)

· DMFC system employs internal recirculation of product water to give a compact system and extended run time

· Commercialisation by end of year 2004

	NEC
	Basic Research Laboratories

(Tsukuba)
	· Application of nanostructured carbon (nanohorns) as an electrocatalyst support for micro fuel cells with a reported 20% improvement in performance

· Commercialisation for note PCs by year 2004

	Sony
	Material Research Institute
	· Development  of novel electrolyte systems for microfuel cells (polymerised fullarene), however the content of the overall program and commercialisation targets are not yet known

	Casio
	Component Tech Group

(Tokyo)
	· Developing micro-reactors for reforming methanol fuel

· Commercialisation around year 2004


2. Demonstration Programs

The Japanese government embarked on a major fuel cell demonstration project last year known as the JHFC Project. In terms of budgetary levels, f3.87 billion yen (£20.4 million) will be invested in FY2003 an increase of around 50% above last financial year. Major components of this project are the construction of five hydrogen fuelling stations around Tokyo (now completed), as well as installation of stationary PEFC systems in a number of domestic and office buildings.  Hydrogen production is, in general, accomplished by catalytic steam reforming of either a hydrocarbon compound or alcohol.  Beyond this, one station will be supplied with off-site liquefied hydrogen, a by-product from the steel making process.  Interestingly, the coupling of hydrogen generation with renewable sources does not feature in this program.  This reflects current views that in the short to mid term surplus by-product hydrogen from Japan’s steel and chemical industries, or on-site generation from sources such as natural gas are the most appropriate and economical source.
3. basic RESEARCH

Basic research on hydrogen and fuel cell technologies is very active in Japan and funded by both MEXT (Ministry of Education Science & Technology) and METI.  Specifically, NEDO has started a new initiative on developing next generation fuel cells with around 850 million (£5 million) being distributed between 17 mainly university based projects.  The target of this research is to overcome the serious temperature limitations of current PEFC systems and develop a range of electrolyte and MEA systems that can be operated at intermediate temperature ranges (150 – 300oC).  In addition, reduction of platinum loading through use of novel support materials as well as alloy catalysts is also a key research component.  More details on these projects can be found in Annex 2. Beyond this, competitive research grants are also being invested into fuel cell related research, although as to what extent would require further investigation.

In addition to university groups, AIST (National Institute of Advanced Industrial Science) has a number of groups committed to work on predominately high temperature fuel cells. Namely, these are the SOFC fuel Cell Group within the Tsukuba based Energy Electronics Institute, and the Kansai based Collaborative Research Team of Molten Carbonate Fuel Cell Group.  Both groups are working together with industry on primarily materials related issues.
On basic research, the extent of Japanese activities was highlighted by a recent Embassy initiated bilateral workshop between the UK and Japan held in January this year.  Themes covered included hydrogen storage, electrolyte materials for both PEFC and SOFC systems as well as peripheral issues such as gas reforming and treatment.  This high level of interest coupled with substantial public investment suggests there is wide scope for collaborative opportunities between UK researchers and their counterparts here in Japan.
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 Annex 1: Japan’s FC System Makers; Technology & Market Trends

This annex covers the major activities of Japan’s PEFC and high temperature FC system makers.  Stationary PEFC systems are nearing commercialisation with small 1kW class systems for homes and expected to debut in the Japanese market around year 2005.  In this area, numerous types of companies are involved including Japan’s electrical appliance makers, heavy engineering firms as well as energy companies.  On high temperature fuel cells, Japan’s electric power utilities in collaboration with heavy industrial and material companies are working on MCFC and SOFC system development. Although not exhaustive, details on main activities are provided in the accompanying Tables 6 & 7. 

Table 4: PEFC System Makers: Technology & Market Trends

	· TIFC

(Toshiba International Fuel Cells)
	2000 1kW and 30kW prototype systems developed

2002 Developed 5kW prototype for office buildings

2003 Production begun at Niigata based Home Technologies plant

2004 Market entry point for 1kW & 5kW systems



	· Sanyo Electric
	1998 First sales of a portable fuel cell power supply (hydrogen fuelled)

2003 Dedicated design & production team for FCs formed in R&D HQ 

2004 Limited sales of 1kW systems

2005 Full commercial sales of 1kW systems



	· Matsushita-Electric


	Development of a 1.5kW system for domestic use

2004 Commercial sales of above system



	· Ebara-Ballard
	2000 Demonstration testing of 250kW system

2003 Development of commercial hydrogen fuelled 900W system

2004 Commercial sales of 1.2kW systems for domestic homes – expected price tag of 1,000,000 yen (£5,200)


	· Matsushita Electric Works 


	Development of a portable fuel cell power supply

	· Mitsubishi Heavy Industries


	2005 Commercialisation of a 1kW system

	· Nippon Oil Corporation (ENEOS)
	2002 Demonstration of a 5kW system powered by gasoline (naptha)

2003 Demonstration testing of 1kW LPG fuelled system in collaboration with Nippon Petroleum Gas 

2004 Limited sales of 1kW system 

2005 Commercialisation – target price tag of 500,000 yen



	· Toyota Motors-Aishin
	2002 Started development of stationary systems with Aishin

2008 Expected market entry point



	· Hitachi
	2003 Fuel Cell Development Project group created in Hitachi Laboratories (Ibaraki) to develop stationary and micro fuel cell systems


Table 5: High Temperature Fuel Cells: Technology & Market Trends

	COMPANY NAME(S)
	FC TYPE
	MAIN ACTIVITIES

	Chubu Power & Mitsubishi Heavy Industries (MHI)
	SOFC

(Planar)
	· 2000 Completed 7,500 hours run time on a prototype 15kW system (MOLB type) at 1000oC – current density of  0.35W/cm2
· 2003 Joint development of a 50kW commercial system at Chubu Power Laboratories

	J-Power & MHI
	SOFC

(Tubular)
	· 2001 Joint development of a 10kW SOFC system at J-Power’s Wakamatsu facility completing 7,000 hours run time

· 2004 Planned integration of this system into J-Power’s EAGLE project – a pilot-scale high efficiency plant using combined cycle (fuel cell, gas and steam turbine) power generation 

	Kansai Power, Mitsubishi Materials, JFCC & Oita University
	SOFC
	· 2001 Development of low-temperature (800oC) fuel cell system

· 2003 1kW prototype system completed with a recorded current density of 0.2W/cm2
· 2005 Planned commercialisation of this system

	Tokyo Gas


	SOFC

(Planar)
	· 1989 Basic research on SOFC systems and materials

· 2003 Low temperature (~750oC) operation SOFC (part of NEDO project)

	Toto & JFCC
	SOFC

(Tubular)
	· Work on wet process production of tubular cells

· Use of EBPVD techniques for cathode production

	NTT
	SOFC

(Planar)
	· 2001 Basic research on SOFC materials at NTT Energy & Environment System Laboratories

	Kyocera
	SOFC
	· 2003 SOFC project team created to develop a compact prototype 1kW system for domestic use

· 2005 Planned sales of the above system

	Sumitomo Corporation
	SOFC
	· 2003 Exclusive sales agreement with US based Acumentrics Corporation for 1-10 kW systems

	NKK
	SOFC
	· 2002 Exclusive sales agreement with Siemens-Westinghouse 

	IHI

(Ishikawajima-Harima Heavy Industries)
	MCFC

(Planar)
	· 1997 Installation of a 1000kW demonstration system at Chubu Power’s Kawagoe plant – Total of 4,200 hours operation 

· 2002 Installation of 300kW compact system at Kawagoe plant (part of NEDO project)

· 2002 Installation of first 300kW commercial unit in Chubu Power’s Shin-Nagoya Plant – power from gasified waste

· 2004 Planned installation of pressurised (1.2MPa) 750kW high performance system for final trials

	Marubeni
	MCFC
	· 2002 Exclusive sales agreement with US Fuel Cell Energy (FCE) Corporation

· 2003 Installation of a 250kW system at Kirin Brewing and a planned installation of the same system at Fukuoka Prefecture’s sewage treatment works in late 2003


Annex 2: NEDO’s PEFC Development Program
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Key aspects of NEDO’s PEFC related R&D programs are covered in this Annex.  The rationale for expanding on this one area is that, as can be seen in Figure 3, there is a clear trend of prioritised expenditure on PEFC systems over high temperature fuel cells. In fact, around 80% of the entire fuel cell budget is directed into low temperature systems, as they are seen as being both closer to market and given their wide range of applications they are expected to command the largest market share.  NEDO’s major programs include development of component technologies (MEA, separator, electrocatalyst and membrane) as well as work on standards for both stationary and vehicular systems.  Beyond this, NEDO has also initiated an effort to ensure Japan continues to remain in the vanguard of fuel cell development with a program on next generation fuel cells.  An outline of this area and work on component technologies are given in Table 8 and 9.

COMPONENT TECHNOLOGY DEVELOPMENT

Although this is not an exhaustive list, it does illustrate the diversity of Japanese companies engaged in PEFC related technology development.  Materials are a major focus in this area and metallic glass is receiving considerable interest as a possible material for electrodes, separator plates and hydrogen purification membranes.

Table 6: Component Technology Development for PEFC Systems

	
	RESEARCH THEMES
	

	Electrode Catalysts
	· Development of new CO resistant electrocatalysts
	AIST



	
	· Study of inorganic (titanium dioxide) supports for electrocatalysts 


	Kyushu University

	
	· Metallic glass electrodes


	Mitsui Shipbuilding

	MEA
	· Increasing durability of PEFC systems


	Matsushita Electric

	
	· MEA for operation under low humidification


	Mitsubishi Electric

	
	· MEA development


	Asahi Glass

	
	· Development of durable high performance cell (MEA)
	Toshiba International Fuel Cells



	Electrolyte Membrane
	· Fuel cell for operation at intermediate temperature ranges (150-300oC)


	AIST

	
	· Highly durable polymer proton conducting membrane


	Hitachi

	
	· Development of new membrane materials


	Asahi Chemicals

	
	· Crosslinked teflon polymer electrolyte


	Raytech

	Seperator
	· Moulded carbon separator


	Mitsubishi Electric

	
	· Metallic glass separator


	Daido Steel Co.

	Hydrogen Membrane
	· Non-palladium class hydrogen separation membrane


	Japan Steel Works (JSW)

	
	· Metallic glass hydrogen separation membrane
	Ishikawajima-Harima Heavy Industries (IHI)



	
	· Metallic glass hydrogen separation membrane


	Fukuda Metal Foil Powder

	Other
	· High performance Direct Methanol Fuel Cell (DMFC)


	Toray

	
	· DME fuelled PEFC system


	J-Power

	
	· Identification of causes for deterioration in PEFC system performance due to operation under varying conditions


	AIST

	
	· Identification of causes for deterioration in electrocatalyst and electrolyte


	Kyoto University

	
	· Identification of causes for deterioration in PEFC system 
	Osaka Science & Technology Center 



	
	· Identification of causes for deterioration in PEFC system due to water transport
	Fukui University of Technology



	
	· Metallic glass separator and hydrogen separation membrane
	R&D Institute for Metals and Composites for Future Industries



	
	· Pure hydrogen fuelled PEFC system
	TIFC


NEXT GENERATION FUEL CELLS

Under a new initiative NEDO has invested around 850 million yen (£5 million) on a number of basic research projects to develop next generation FCTs.  The main thrust of the research is to develop novel solutions and materials that allow low temperature systems (PEFC) to operate well beyond their upper temperature limits of 80oC. Research themes include membrane and electrocatalyst development as well as fundamental studies on electrocatalyst and transport mechanisms. Whilst being a relatively small investment compared to NEDO’s overall fuel cell program, it does serve as a clear indication that the Japanese government is committed to long term and innovative research as well as the ongoing support for near market technologies.  A brief summary of the successful project applications are provided in Table 10

Table 7: NEDO’s Next Generation Fuel Cell Project

	PROJECT TITLE & DESCRIPTION


	

	1) Self humidifying membrane

Dispersion of a metal catalyst (platinum) in polymer electrolyte to convert cross-over hydrogen and oxygen to water
	Yamanashi University

(Clean Energy Center)

	2) Ceramic based composite membrane

Preparation of a inorganic-organic composite electrolyte using the sol-gel method for operation under high temperature and low humidification conditions


	Osaka Prefecture University



	3) Hybrid polymer-molten salt membrane 

Creation of a hybrid membrane composed of molten salts in a polymer matrix that exhibits both high tolerance to oxidation and temperature degradation


	Yokohama National University

	4) Inorganic acid salt membrane-I

Development of an electrolyte using acid-salts encapsulated in an inorganic matrix (solid oxide ceramic) to yield high proton conductivity at high temperatures


	Kyoto University

	5) Inorganic acid salt membrane-II

Encapsulating proton conducting acid salts in a nanostructured silica membrane for high temperature and low humidification operation


	Tokyo University

	6) Glass membrane electrolyte

Development of a proton conducting porous glass membrane with excellent chemical and temperature stability characteristics for operation under low humidification


	Nagoya Institute of Technology

	7) Fundamentals of Electrocatalytic Reaction Process

Study on fundamental electrocatalytic reaction processes using advanced IR spectroscopy with a resolution window of around 30nm for applications in catalyst design
	AIST

	8) High performance alloyed cathode electrocatalyst

Development of an alloy catalyst for the cathode that reduces the amount of platinum loading required


	Tokyo Institute of Technology



	9) Hydrogen production from dimethyl ether (DME)

Development of high performance catalysts for steam reforming of DME, a proposed alternative fuel to diesel and LNG


	Kyoto Institute of Technology



	10) Carbon supports for electrocatalysts

Study on interaction between the platinum catalyst and carbon support to reduce platinum loading levels


	AIST



	11) Nanostructutred carbon electrocatalyst

Development of carbon based nanoparticles that can reduce oxygen at the cathode thereby reducing required platinum loading


	Gunma University

	12) Low cost Membrane Electrode Assembly (MEA)

Development of a process to coat electrocatalyst selectively on a low cost polymer electrolyte reducing platinum loading and MEA cost
	Nagaoka University of Technology

	13) Novel structured electrocatalyst and MEA design method

Two projects with 1) development of a process to bond electrolyte polymer to carbon black particles increasing effective catalyst area and 2) modelling of micro-structure for design of MEA


	Tokyo University

	14) Novel electrode formation by electrodeposition

Formation of electrodes by electrodeposition of a textured thin metallic film


	Fukui University

	15) Measurement of water distribution in polymer electrolyte

Use of MRI (Magnetic Resonance Imaging) to determine water distribution in polymer electrolytes to reduce activation overpotential and increase overall efficiency


	Tokyo Institute of Technology

	16) Hydrogen separation membrane

Use of electrodeposition in a supercritical fluid media to create a thin film (several microns) hydrogen separation membrane


	Gifu University

	17) Reversible fuel cell and CNT support for cathode

Two projects with 1) Development of reversible fuel cell comprised of an anode electrode structure comprised of catalyst, support and nanoparticles of a hydrogen storage alloy 2) Use of CNTs (Carbon Nanotubes) as an electrocatalyst support media
	Tokyo & Hokkaido  University


Annex 3: Japan Hydrogen & Fuel Cell Demonstration Project
The Japanese government has constructed five hydrogen dispensing stations as one part of the Japan Hydrogen & Fuel Cell Demonstration Project (JHFC).  The JHFC project is a government initiative to demonstrate fuel cells to the general public by creating a pilot scale hydrogen supply infrastructure for use by FCVs in the Tokyo and Yokohama area. The project is administered by three organisations with responsibilities for different aspects: 

· JEVA (Japan Electric Vehicle Association) - FCV on-road trials, 

· ENAA (Engineering Advancement Association of Japan) - hydrogen fuelling infrastructure

· NEF (New Energy Foundation) - stationary systems.

Apart from the hydrogen stations listed below, the Japanese government has also completed a further three experimental hydrogen fuelling stations under the auspices of the WE-NET project.  One of these stations is supplied by off-site gaseous hydrogen from a nearby chlorine-alkali plant, whilst the other two generate on-site hydrogen by natural gas reforming and electrolysis of water. Details of the hydrogen stations, including hydrogen production method, are given below in Table 9.  

Table 8: Hydrogen Stations; Japan Hydrogen & Fuel Cell Demonstration Project

	Hydrogen Station
	Hydrogen Source
	Hydrogen Production Method


	Contractor

	Daikoku

(Yokohama)

(30m3/hr)
	Desulfurised petrol
	Catalytic steam reforming

(750~850oC, 0.8MPa)


	Cosmo Oil Co. Ltd

	Ariake

(10,000L)
	Off-site liquid hydrogen
	From coke oven gas

(Nippon Steel)
	Showa Shell Sekiyu & Iwatani Industries



	Kawasaki

(50m3/hr)
	Methanol
	Catalytic steam reforming

(250~300oC, 3MPa)


	Japan Air Gases

	Asahi

(Yokohama)

(50m3/hr)
	Naptha
	Catalytic steam reforming

(800oC, 0.8MPa)


	Nippon Oil Corporation (ENEOS)

	Senju

(50m3/hr)
	LPG
	Catalytic steam reforming

(750oC, 0.8MPa)


	Tokyo Gas & Nippon Sanso


Note: Average cost of each station is around 300 million yen (£1.6 million)



































































































Figure 3.  NEDO’s expenditure on fuel cell R&D


(Source: NEDO, March 2003)





Figure 1.  Trends in Japanese government expenditure on FCTs


(Source: ANRE)
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