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1. Introduction

This evaluation of the  Scottish Fuel Cell Consortium (SFCC) project was undertaken at the request of Melanie Hay, Senior Executive of the Scottish Enterprise Energy Team.   This retrospective analysis was designed to establish the extent to which support by Scottish Enterprise for the SFCC had  achieved its objectives and provided value for money on its investment in economic development terms.

The key questions which the evaluation was asked to address were;

a. What did the project set out to do?

b. What has actually been achieved?

c. How was it achieved?

d. Did the achievements meet  the initial objectives?

e. How could the achievements from the project have been improved?

f. What would have happened in Scotland  if  the project had not been undertaken?

g. How can the findings be used  to evolve this and other projects?

2. Methodology

The approach to the evaluation was designed to gain the information required for the Report in the most effective manner and consisted of;

a. Discussions with SEET staff

b. Meeting with Blair Armstrong, retired SEET Executive responsible for the SFCC project

c. Meeting with Dr Andy Cruden and Professor Sinclair Gair of the University of Strathclyde, the senior academics on the programme

d. Assessment of the nationally and internationally situation on fuel cell development and opportunities, at the time of the initial support for the programme

e. Assessment of any national benefits which could be linked to the work of SFCC

3. Vision for Support of the SFCC Project

Around the year 2000, the time of the inception of the project,  fuel cells and the hydrogen economy were  identified as important technologies relating to the future energy requirements and environmental improvement in the UK. This view was supported by an increasing level of activity by global players, particularly in the use of fuel cells to provide clean transportation solutions.  The DTI Foresight Report 1999-2000 highlighted fuel cells as important to the UK, but did not specify a clear way ahead, owing to the large number of technological and economic factors impacting on the decision making process.   This is demonstrated from the following extract from the DTI Foresight Energy for Tomorrow Powering the 21st Century Report relating to alternative fuels
‘Many responses highlighted one aspect or another of the need for more effort to be placed in the development and deployment of alternatives to petroleum-derived fuels for transport use. The consultation document suggested the development of a common strategy for this migration. Although there was support for a number of individual technologies, with advocates for both bio-fuels and fuel cells, no clear ideas were received on how such a strategy might be taken forward’.

However, Scotland appeared well placed in fuel cell development and associate energy storage research, owing to the strength of its scientific base in these technologies. For, example, the research teams established at the University of St Andrews under the direction of Professors John Irvine and Peter Bruce. Professor Irvine had secured between 1995and 2000 around £1.4m on fuel cell related research alone  (see Fig 1), mainly relating to solid oxide high temperature fuel cell development.   

[image: image1.wmf]
Fig 1.  Grants in Fuel Cells to the University of St Andrews 1995 - 2000

There were also a number of complementary intellectual assets within the Scottish academic base.  The team in Electrical and Electronic Engineering at the University of Strathclyde  had an international reputation in power electronic systems and control engineering led by Professor Jim McDonald and supported by Dr Andy Cruden et al. At Napier University, Professor Sinclair Gair had long experience in the energy related research sector and was interested in exploiting energy efficient technologies for transportation. The negatives were  that the research was a considerable distance from market exploitation and the teams were not closely linked into the major international players in the fuel cell  for transportation market.
The Scottish industrial base was also showing interest in this emerging technology, mainly through the small company sector. This interest had been created by promotion of possible opportunities by the European Union and the UK Government. However, Scotland did not have any companies with large R&D budgets to compete with the USA, mainland Europe and the Far East.  This was a major constraint in competing on technological development. At this time, the economic effects of the migration of Scottish based electrical and electronic industrial activities to the Far East and Eastern Europe was placing increasing pressure on companies, economic development organisations and government to fill the gap.  Fuel cells were identified as having some potential in providing a solution.

There was also growing interest within fleet operators and logistics companies to become involved in the new ‘hydrogen economy’. This was being widely publicised as an opportunity for the future.  Fleet operators saw pressure to use cleaner fuels driving the market,  whilst logistic companies identified the opportunity of providing innovative services for the generation, transportation and dispensing of fuel at appropriate locations.  If the hydrogen economy was to become a reality there would have to be a large investment in support infrastructure from which they could benefit.

The perception of the academics, industrialists and economic development staff involved in creating and submitting the proposal was that Scotland could become a centre for fuel cell applications. It was understood at an early stage, that in the short term, many of the elements in the ‘hydrogen economy’ could not created in Scotland.

During his interview, Blair Armstrong felt that the  following positive factors supported the idea of investing in the project at the time of its inception:

· Foresight Reports identifying fuel cell and associate technologies as an important energy opportunity for the UK

· A strong science base in fuel cells and energy storage research supported by major grants from the peer reviewed EPSRC and other organisations.  The associated cohort of scientists who could have future potential to develop key related technologies. 

· Complementary scientific and technological assets existed at  the University of Strathclyde and Napier University.

· The number of SMEs companies wishing to become involved in the development and exploitation of the technologies and associated services

· The aim of SEET to actively promote the renewables sector to complement their activities in oil & gas, through maximizing the knowledge and market assets in industry and academia..

· The opportunities to retain skilled employees from within the shrinking electronic and electrical by diversification.

· Interest in public and private sector service companies to exploit the clean energy technologies.

4. Background to Project

4.1. Introduction

At the time of compiling the initial proposal for funding,  there was wide enthusiasm for the development of fuel cell vehicles across the world.  This is supported by Table I,  which shows the stage leading vehicle designers and producers had reached.  Large budgets were being invested, particularly with important markets  like California endeavouring to reduce pollution through legislation. Major companies in the sector felt that it would be a high risk strategy not to be involved or at least actively track the developing technologies.

4.2. Target Market

To gauge the perception of the market in early 2001, the following extract is taken from the US Fuel Cell Council literature.

‘About 60 million new cars are sold worldwide each year. Several automotive industry leaders have speculated that fuel cell vehicles could account for 20 to 25 percent of new car sales within the next 20 to 25 years, a potential market of 12 million to 15 million vehicles each year. Billions of dollars are now being spent by the world’s automakers in a race to bring fuel cell vehicles to the marketplace. The first commercial fuel cell vehicle sales are expected as early as 2003/2004. While we may expect these initial sales to involve relatively small numbers of vehicles, by the end of the decade production may increase to millions of vehicles. Economies of manufacturing on this scale are probably necessary for fuel cell vehicles to compete with the sticker price of cars with internal combustion engines under their hoods. Therefore, the initial years of market introduction will be critical to the long-term success of this advanced vehicle technology.’

4.3.  General  Relevance of Project
The need to progress the understanding and integration of fuel cells into applications associated with transportation can again be gauged by the following extract from the US Fuel Cell Council literature

‘The world’s leading automakers, fuel cell developers, material and component suppliers, national laboratories and universities are in a race to bring fuel cell vehicles to the marketplace. The goal of this pursuit is to offer an alternative to the internal combustion engine that provides all the performance consumers have come to demand, and at the same time is more efficient and cleaner, increases our fuel diversity, and is ultimately less expensive to manufacture, maintain and operate.

Another promising automotive application for fuel cells, in addition to propulsion, is as auxiliary power units or “APUs.” Fuel cell APUs are ideally suited to the tractor-trailer truck market. Rather than having a large diesel engine idling during driver rest periods, fuel cell APUs could provide the power for the devices needed for driver comfort, and the diesel engine could be shut down. As the electrical load of today’s passenger cars increases, the addition of

APUs will help run electric steering, electric brakes, air conditioning compressors, and even televisions and computers. Several fuel cell technologies are being demonstrated for use as APUs, including solid oxide and alkaline fuel cells.’
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Table I  - Key Companies in Automotive Applications of Fuel Cells

4.4. Competing Fuel Cell Technologies

It was a time of dynamic development and there was a number of competing technologies for the core fuel cell being investigated. They fell into two major groups

· Low temperature 

· High Temperature

The SFCC had to make a choice regarding the technology to be selected as this would dictate the possible fuel cell suppliers with which they could partner. There were no fuel cell technologies being developed in Scotland that were near the stage of prototype exploitation.  The characteristics of the generic technologies are described below.

4.4.1. Low Temperature Technologies

Low temperature systems refer to Proton Exchange Membrane (PEM) Fuel Cells, Phosphoric Acid Fuel Cells (PAFCs), Alkaline Fuel Cells (AFCs) and  Direct Methanol Fuel Cell (DMFC), very similar to the PEM. 

The commonest of this type is the PEM. A typical PEM fuel cell consists of two electrodes, the anode and the cathode. These are separated by a polymer membrane electrolyte and each electrode is coated on one side with a thin platinum catalyst layer. The electrodes, catalyst and membrane together form the membrane electrode assembly (MEA). A single fuel cell consists of a MEA and two flow field plates. Single cells are combined into a fuel cell stack to produce the desired level of electrical power. A key component of PEM fuel cells, the bipolar plates, typically constitute more than half of a cell’s weight and 15-30%f its cost.

Alkaline fuel cells (AFC) are one of the most highly developed technologies and have been used since the mid-1960s by NASA in the Apollo and Space Shuttle programs. The fuel cells on board these spacecraft provide electrical power for on-board systems, as well as drinking water. AFCs are among the most efficient in generating electricity at nearly 70%. 

Alkaline fuel cells use an electrolyte that is an aqueous (water-based) solution of potassium hydroxide (KOH) retained in a porous stabilized matrix. The concentration of KOH can be varied with the fuel cell operating temperature, which ranges from 65°C to 220°C. The charge carrier for an AFC is the hydroxyl ion (OH-) that migrates from the cathode to the anode where they react with hydrogen to produce water and electrons. Water formed at the anode migrates back to the cathode to regenerate hydroxyl ions. Therefore, the chemical reactions at the anode and cathode in an AFC are shown below. This set of reactions in the fuel cell produces electricity and by-product heat. 

	Anode Reaction:
	2 H2 + 4 OH- => 4 H2O + 4 e-

	Cathode Reaction:
	O2 + 2 H2O + 4 e- => 4 OH-

	Overall Net Reaction:
	2 H2 + O2 => 2 H2O


One characteristic of AFCs is that they are very sensitive to CO2 that may be present in the fuel or air. The CO2 reacts with the electrolyte, poisoning it rapidly, and severely degrading the fuel cell performance. Therefore, AFCs are limited to closed environments, such as space and undersea vehicles, and must be run on pure hydrogen and oxygen. Furthermore, molecules such as CO, H2O and CH4, which are harmless or even work as fuels to other fuel cells, are poisons to an AFC. This is a definite problem in transportation applications.

On the positive side, AFCs are the cheapest fuel cells to manufacture. This is because the catalyst that is required on the electrodes can be any of a number of different materials
4.4.2. High Temperature Technologies

High temperature systems were restricted to Solid Oxide Fuel Cells (SOFCs) and Molten Carbonate Fuel Cells (MCFCs). One of the main problems for high temperature stacks and components is the time taken to warm the system up to operational temperature, which can be up to 1000°C. There is also often a trade-off with component life as, if certain components are heated up too quickly, they can become damaged and their useful life shortened. A related issue for SOFCs is that operating temperatures above around 800°C can demand more expensive materials such as ceramics, whereas lower temperatures can afford stainless steels. Materials for MCFCs are selected to minimise the degradation due to the corrosive effect of the molten carbonate.  These factors tend to make them more  suitable for static steady state applications rather than for the highly transient demands of transportation.  Therefore the technology being developed at the University of St Andrews is not immediately applicable to transportation.
4.5. Fuel Cell Selection

The team came to the conclusion that a low temperature fuel cell technology was most appropriate for their envisaged project.  Running at a low temperature system allows quicker access to power than high temperature systems. The basic choice was between alkaline and PEM technologies influenced by the range of possible suppliers and the stage of development of the products.  It was a complex choice and was dependent on balancing the conflicting advantages and disadvantages of the systems against a range of life cycle criteria and future economic development opportunities for Scotland.

However, the SFCC team assisted by Scottish Enterprise actively pursued developing a relationship with  Ballard, a successful Canadian PEM Fuel Cell supplier.  Their possible relevance to the project is encapsulated in this overview of their activities past and present.

‘Ballard is recognized as the world leader in proton exchange membrane (PEM) fuel cell technology. Its principal business is the development and commercialization of PEM fuel cells and fuel cell systems for use in selected power generation applications, including transportation, small to mid-sized stationary power generation and portable power use. Ballard has been developing PEM fuel cells and PEM fuel cell systems for 17 years, and this has been the company’s primary business since 1989. In the transportation market, Ballard has formed a vehicular alliance with DaimlerChrysler and Ford. Together with other alliance partners, Ballard formed XCELLSIS, to develop and commercialize PEM fuel cell systems for cars, buses and trucks, and Ecostar, to develop and commercialize electric drive trains. Success in the development of Ballard® fuel cells and PEM fuel cell systems has enabled the company to deliver Ballard® fuel cells and PEM fuel cell systems to original equipment manufacturers and other customers for testing and demonstration in cars and buses, stationary power generators and portable power generators. Ballard’s partners and customers have used Ballard® fuel cells to power 10 transit buses, six of which have been used in revenue service, and nine prototype cars, most recently Ford’s TH!NK FC5 which was unveiled in January 2000, and DaimlerChrylser’s NECAR5 which was unveiled in November 2000. Other automobile manufacturers have also used Ballard® fuel cells in their prototype PEM fuel cell powered cars. Through the California Fuel Cell Partnership, Ballard is working with other organizations, including the State of California, the U.S. Department of Energy, DaimlerChrysler, Ford, Honda, Nissan, Volkswagen and Shell, Texaco and ARCO, to test and demonstrate more than 70 fuel cell powered cars and buses in California between 2000 and 2003, while also addressing fuel infrastructure issues. Ballard is moving rapidly closer to the introduction of its first commercial products. With its introduction, Ballard will begin to turn its vision - Power to Change the World™ - into a reality.’

According to Blair Armstrong, discussions were progressing in an encouraging manner,  even focusing on Ballard establishing a base within Scotland to service the potentially very large European market. Scottish Trade International were invited to take an active role.  There was an increasing interest from DTI but the opportunity was diverted and lost to Scotland.

The team then turned to finding another fuel cell supplier and identified ZeTek Power, with a research centre in Geel in Belgium.  AFCs were at that time seen as a serious contender on a cost basis and they had proven operational experience in the US space programme..  A key decision made by the project team  was that they would select an Alkaline Fuel Cell supplied by ZeTek Power. This was attractive because of their European presence. The major problem as previously stated was  poisoning of the catalyst if fuel purity was low.  

5. Formation of Development Partnership

Progress was made with the formation of the SFCC driven by Dr Cruden/Professor Gair and supported by Blair Armstrong of the SE Energy Team. Funding of around £46k was provided by Scottish Enterprise levering contributions in kind and equipment from the industrial partners. This funding was the first of three awards followed by £60k  in 2002 and £180k in 2003 provided by Scottish Enterprise. A project manager David Hedges was appointed. for the initial phase of the project.

The overview and definition of the project as defined by Professor Gair is included in this press release in June 2002.

‘The Scottish Fuel Cell Consortium (SFCC) was formed in December 2000 as a partnership of a number of parties from both industry and academia, all of whom have a vested interest in the successful introduction of fuel cell technology into Scotland. The SFCC draws on the engineering expertise of Napier University's Electric and Hybrid Vehicle Research Centre and The University of Strathclyde's Centre for Economic and Renewable Power Delivery. Industrial partners during the first phase of the project included: Products of Technology (PtL) Ltd – gas generators and hydrogen production; ASCO Plc – fuel distributors; Grampian Primary Care NHS Trust; PowerGen Renewables Ltd. – wind energy; Zetek Power Plc – fuel cell manufacturers; and David Hedges Associates. Funding during the three stages of this project is being provided by the Energy Section of Scottish Enterprise. The activities of the SFCC are focused on road transport issues where fuel cells are seen to offer an alternative form of clean energy, and which can also make use of Scotland’s abundant availability of renewable energy, (wind, wave, hydro-electricity). Phase two of the project, currently underway, will convert an eighteen seat battery powered passenger bus to fuel cell operation. The third phase of the project will seek commercial spin out to companies and organizations interested in the future use and business opportunities associated with this new technology revolution.’
6. Project Partners

The formation of the partnership was driven by Dr Andy Cruden and Professor Sinclair Gair.   The partners involved over the life of the project were as shown in Table II

	Partner
	Sector
	Contribution
	Remarks

	University of Strathclyde
	Academic 
	Technical and integration knowledge
	Project leaders and major contributors

	Napier University
	Academic 
	Technical and integration knowledge
	Professor Gair transferred from Napier to the University of Strathclyde at an early stage in the project taking with him the relevant hardware

	Grampian  Primary Care NHS Trust
	Health care
	Interested in exploiting  clean energy in transport
	Possible user  of technology top produce a range of vehicles to used by the trust through installing the technology into existing or new vehicles if proven successful

	Product of Technology Ltd
	Small Industrial
	Interested in developing hydrogen generation technologies
	

	ZeTek Power plc

	Small industrial 
	Interested in the integration of fuel cell technologies into commercial systems and promoting renewable energy as provider of alkaline fuel cells
	A supplier of alkaline fuel cells with laboratories  located in Geel in Belgium

Went into administration on 5/11/2001

	Strathclyde Passenger Transport
	Transport
	Interested in clean transportation systems
	Were interested in fuel cell technology for their bus fleet operating in the Strathclyde region. During the project they lost the bus franchise which diminished their interest in the project.

	ASCO
	Logistics and resource provider
	Thought there would be a new market for the transportation of hydrogen which would extend their other logistic activities
	Withdrew from project after around one yea as the technology was not close enough to market. 

	PowerGen Renewables
	Wind Energy
	
	Possible hydrogen source


Table II Project Partners

7. Review of Profile Partnership Members

7.1. Introduction 

The major theme of the SFCC project was the application and integration of fuel cell technologies into transportation applications.  The team recognised that they would have to buy key components and that they saw their role in developing sub-system integration technology. This expertise could then be transferred to Scottish companies to provide economic development benefits
7.2. Supply Chain Gaps

This was a challenging sector for Scotland to target.  There were no recognised major names in transportation still operating in the region and there was therefore a significant mismatch between academic capabilities and local companies. More specifically, there were no partners or serious possible partners with the experience or investment potential to provide transportation solutions to the commercial market.  

This limited economic development success  to be dependent on

a) The formation of a new company which would require very significant capital investment  and was therefore unlikely, 

b) Diversification of an existing manufacturing company into the sector with the ability to invest

c) Partnering with an organisation outwith Scotland convinced that the academic relationship would bring them profitable business
d) Licensing technology in the global market for an identifiable need.
Success in approach (a) or (b)  would be exceedingly difficult owing  to the barriers to entry, including  costs and lack of market presence in a market dominated by globally recognised brands.  The organisations were investing funds many orders of magnitude higher than which would be available to the SFCC even for niche technologies.  Only a key relevant scientific breakthrough would have a chance of major success.

7.3. Match of Partners to Approach

In the opinion of the author, it would be exceedingly difficult for SFCC to contribute to the design of a fast moving technology without a deep knowledge of the market needs. This knowledge can only be secured by significant investment and operational knowledge and is often considered confidential because of its potential value in exploitation.

Opportunities could exist at the retrofit end of the market to match the local needs of fleet operators.  However, it must be questioned, whether local needs would vary significantly from the more general needs of the sector. This is demonstrated by the near uniformity of offerings provided by the global automobile market.

8. General Assessment of Project

8.1. Introduction

Entering a new technological applications sector without a strong indigenous industrial base possessing deep knowledge and networks is always difficult.  This is particularly so when the major global players have recognised the market opportunity and are targeting it with major investments.

Historically, only niche opportunities exist.  In such a situation academics and technologies and can only be successful where unique solutions providing recognised benefits can be delivered in a format which matches the need.  These solutions have however to integrate seamlessly into systems. This is difficult unless a long term working relationship has been established.

This characterises problems frequently being met by Scottish academics and technologists and increasingly being recognised by government and its agencies.  This problem is demonstrated by the lack of investment by Scottish companies in R&D and lack of confidence for companies to invest in creating new products (see Fig 2) from the Office of National Statistics BERD Report (2001)
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8.2.  Approach of Team

The team made a major effort to developing a consortium combining the academic knowledge and expertise of the Universities of Napier and Strathclyde, including the transfer of Professor Gair and his equipment to the University of Strathclyde to help the effectiveness of the project.

Their stated aim was to operate in the fuel cell transportation system integration domain, rather than in key component creation.  As previously stated, this is difficult without having major players as partners.  If Ballards had located to Scotland that would almost certainly have made a major impact and improved the focus and delivery of the project.

The success of the challenge being undertaken was well beyond the funding available from Scottish Enterprise and the industrial partners had not the ability to make a major intellectual contribution to the project compared to the major teams and alliances operating globally in this same space. It would have taken a very significant intellectual input from the Consortium to make a significant impact and to gain its adoption by the major competitors.

8.3.  Project Management

It is always easy to be critical after the event but the scope  and economic development deliverables of the project did not appear to be defined in sufficient detail at the outset. Also, the necessary resources to meet the demand needed to be defined in more detail. 

This is a problem frequently encountered with early stage developments owing to the level of ignorance that exists of technological factors and mature customer requirements. However, from the information gathered the project appeared to be driven by the likely level of support rather than the resources needed to meet commercialisable objectives. Under funding of projects is a common problem encountered by the author relating to both academic and industrial product development projects in Scotland. This relates both to the culture of lack of investment in new product development and the low levels of profit generated by Scottish product based companies.

The team did appear to pursue the agenda with vigour and enthusiasm. It was a difficult task with lack of a major player in the consortium to complement academic knowledge and expertise.  However, a higher degree of project planning would have assisted delivery incorporating a phased review process. 

Phase reviews would have given the team, partners and the financing organisation an opportunity to formally change direction in the light of results and experience gained. This would have reduced project drift, which appears to have happened particularly in the third stage.  Operational issues relating to vehicle road worthiness rather than engineering and scientific progress seemed to have encompass the project. As the funding was targeted at economic development impacts a clearer view should have been established of how this was going to be achieved and the likely offerings to the market. 

8.4.  Achievements

8.4.1.  Knowledge and Demands of the Sector

The team indisputably developed their knowledge and understanding  of the fuel cell transportation sector. This was essential to the success of the project and improving the knowledge base available within Scotland.  

This achievement should not be underestimated for a team without the luxury of the technological and market analysis  resources of a major global player and working on a low budget.
8.4.2. Development of A Physical Demonstrator

The team in the main focused their developments around the chassis and body of an AC Cobra.  It provided a sound platform in which to house the technologies and also provided an ‘eye catching’ exhibit at promotional events. The vehicle was developed into an experimental prototype using state of the art electric drive technology housed in the rear of the vehicle. A fuel cell mounted under the bonnet, and supplied with hydrogen fuel from cylinders, provided the vehicle with a range extension superior to a pure battery powered electric car. 

This raised the knowledge level in Scotland of the challenges relating to the creation and operation of fuel cells and hybrid systems in transportation.

8.4.3. Exhibiting the Demonstrator

The team exhibited their AC Cobra at the All Energy Opportunities Conference in Aberdeen, in Hanover and Zurich.  A wide interest was witnessed form international delegates and a high awareness of the activities of the Consortium on the international markets was achieved.

This established Scotland’s interest in becoming  involved in the fuel cell transportation community. It also provided the opportunities to develop an increased level of international R&D collaboration

8.4.4. Attracting and Retaining an International Team Member

The SFCC were able to attract and retain Matthias Duerr  a German  engineer with specific skills and knowledge in the fuel cells in transport domain.  He has been retained by the University of Strathclyde after completion of the SFCC project.

8.5. Problems Encountered

The following significant problems were encountered during the life of the project.
8.5.1. ZeTek Power plc

Unfortunately, ZeTek Power went into administration into 5th November 2001.  The fuel cell was however the property of the Consortium and was subsequently used throughout the life of the project. There was however the problem that no further collaboration was possible with the company, which was going to be an important input.

8.5.2. Strathclyde Passenger Transport (SPT)

Their interest was diminished when they lost their franchise to provide bus transport in the Strathclyde area.  They had been keen to investigate the possibility of using ‘clean’ vehicles on the shuttle service between Buchanan Street, Queen Street and Central Station in Glasgow. The aim was to use a hybrid system based on the R&D being undertaken.  They donated three buses but they were in a poor state with ageing and expensive lead acid batteries. A Convoy 3.5T Van was also gifted.

The University had problems with access of these vehicles to their laboratories and storage areas.

8.5.3. Gaining Certification of Vehicle for Use in Public Domain

During the third stage of the project, considerable time and costs were expended on trying to get detailed road worthiness approval for the AC Cobra. This should not have been a key activity for the academics  but they wished to demonstrate that their development vehicle  was fit for use on the public roads.  This effort detracted from the more scientifically challenging activities where the academics should have been able to add value

8.5.4. Wavedriver Technology

The University acquired the EA Technology developed Wavedriver technology, which they now own. It was used and tested using battery driven vehicles but can also be used as a component in hybrid vehicle drive management. The Wavedriver Mains Converter is a fast charging system located in the engine compartment of electrical vehicles.  However, the control software is written in Unix and the controller provided is obsolete so it would not appear economical to develop and exploit this technology.

9. Intangible Benefits from Project

9.1. Scottish Hydrogen and Fuel Cell Association

The formation of the Scottish Hydrogen and Fuel Cell Association (SFHCA) can be clearly linked to the establishment of the SFCC and the focus of activities to which it led.  SHFCA has now around 50 members and has led international delegations to Japan and the USA, where business benefits of over £5m were stated by the Director to have been realised. It is providing a successful focus for hydrogen and fuel cell developments across the product development and end user market.

9.2. Increased Global Awareness

Increased global awareness of Scotland’s interest, knowledge and expertise through conferences, scientific papers and attendance at international exhibitions.(See Appendix I ).  Increased awareness of the opportunities and constraints of fuel cell technology in transport amongst fleet operators in Scotland, government, industry and infrastructure organisations.

9.3. Knowledge Acquired
A deeper knowledge of the hurdles to be crossed in bring such a technology to the market without having an existing strong indigenous industrial base capable of its exploitation.
10. Recommendations for Future Projects

a) It is always difficult to plan a programme of activities and deliverables in precise details, when dealing with a new technology entering a new market. In such a situation all parties e.g. research team, industrial partners and  funding organisation must constantly monitor the situation and maximise the outputs of the project against defined objectives. In establishing the SFCC programme little detail was defined, which made if more difficult to maximise the economic development objectives and the project tended to be driven by opportunities rather than clear objectives.  Detailed planning is often of considerable benefit in identifying solutions.

The project brief should have been more clearly defined at the start of the project and changes in activities formally evaluated against the  defined overall objectives on a regular basis  and with agreed authorisation from the funders. More emphasis on this approach would have been likely to have increased the outputs from the project.

b) The funding was paid ‘up front’  for major parts of the contract.  This reduced the amount of control which SE had over the contract, particularly as targets and key deliverables were not clearly specified.

Future projects should demand a clear plan and specified target deliverables prior to establishing a contract.  Financial support should be paid quarterly in arrears  on the satisfactory achievement of deliverables.  By it nature R&D cannot  be detailed in minute detail and interpretation of performance  must be undertaken in a constructive manner, whilst ensuring value from investment.

c) The time to commercialise university research is often much longer than is originally estimated.  This is linked to key researchers having other responsibilities e.g. teaching and administration, and the small number of researchers compared with commercial R&D organisations or companies. When working with small companies, they are often resource constrained and this can lead to timescales slippage.

In the planning phase of a project, an intellectual and physical  resource audit should be undertaken to ensure no major problems in delivering the programme.

d) For any commercialisation project to succeed a strong market pull has to exist.  In the opinion of the author, this was one of the major hurdles to success and an increasingly common problem with commercialisation of the science base within Scotland.  There is not an established automotive base in Scotland with the management authority to invest in fuel cells for transport.

Routes to market and the supply chain model has to be critically examined and the risks assessed  before deciding to proceed with such a project.

e) Competition in the market has to be analysed to ensure that there is a definite market opportunity, if the research and development outputs are delivered.  Particularly, in a project of the nature of the SFCC, the global market must be considered as the major competition and the possible customer base for new technology could be multi-national companies. The major competitors have budgets several orders of magnitude greater than SE budgets would allow. It could be that the R&D is targeted at a niche market, in which it is much easier for university research to achieve success, but the market and offering must be clearly defined.
Competition analysed and understood.  Realistic budget requirements assessed against  current and future funding availability

11.  Conclusions

The project was an ambitious attempt to establish Scotland as a centre for fuel cell systems technology and integration in the transportation market. Direct success was extremely difficult because of the lack of key Scottish players and an extremely small budget for such an ambitious  and time sensitive project.  More rigorous planning of the projects could have increased the economic outputs from the project. The recommendations for  future projects provides guidance to SE staff on improving the approach for similar projects. 

However, the indirect economic benefits although difficult to quantify,  link back to the focus created by the project.  The Scottish Hydrogen and Fuel Cell Association has attracted some 50 members (not all in Scotland), developed collaboration and  provided an international awareness of Scottish capabilities.  Much of the impetus for the formation and development of SHFCA came as a result of the SECC network and activities.

Appendix I

Papers published relating to SFCC Project

1. Duerr, M., Gair, S., Cruden, A., McDonald, J.:’Hydrogen and Electrical Energy from Organic Waste Treatment’. World Hydrogen Technologies Convention (WHTC 2005), Suntec Singapore, 3 – 5th October, 2005. [accepted for publication in the International Journal of Hydrogen Energy].

2. Duerr, M., Gair, S., Cruden, A., McDonald, J.:’Experimental Determination and Simulation of the Dynamic Properties of an Alkaline Fuel Cell Stack used for a domestic scale stationary power Generator’. World Hydrogen Technologies Convention (WHTC 2005), Suntec Singapore, 3 – 5th October, 2005.

3. Currie, R.A.F., Duerr, M., Gair, S., Ault, G.W., Cruden, A., McDonald, J.:’A Hydrogen and Fuel Cell System for the Optimisation of a Grid-Connected Oscillating Water Column Wave Generator’. World Hydrogen Technologies Convention (WHTC 2005), Suntec Singapore, 3 – 5th October, 2005.

4. Duerr, M., Gair, S., Cruden, A., McDonald, J.:’Electric Equivalent Circuit Model of an Alkaline Fuel Cell’. WSEAS Transactions on Circuits and Systems, Issue 9, Volume 4, September 2005. ISSN 1109-2734.

5. Duerr, M., Gair, S., Cruden, A., McDonald, J.:’The Design of a Hydrogen Organic Fuel Source/Fuel Cell Plant’. Proceedings of the International Hydrogen Energy Congress and Exhibition, IHEC 2005, Istanbul, Turkey, 13-15 July, 2005.

6. Duerr, M., Gair, S., Cruden, A., McDonald, J., Hegarty, T., and Chesshire, M.:’Fuel Cells for Power Generation and Organic Waste Treatment on the Island of Mull’. Int. Conf. On Renewable Energy and Power Quality, (ICREPQ), European Assoc. for the Development of Renewable Energy. Zaragoza, Spain, 15 –18th March, 2005. ISBN 84-609-3234-6.

7. Gair, S.:’Hydrogen Technology – What Impacts?’. Scottish Natural Heritage Conference, Energy and the Natural Heritage. Pitlochry, Perthshire, 10-11 November, 2004. [Invited presentation]

8. Gair, S., Cruden, A., McDonald, J., Hegarty, T., and Chesshire, M.:’Fuel Cells for Power Generation and Waste Treatment’. DaimlerChrysler 9th ElectroChemical Talks, Germany, May 17 – 18, 2004. (Paper accepted for Journal of Power Sources).

9. Gair, S., Cruden, A., McDonald, J., Hegarty, T., and Chesshire, M.:’Organic Electricity Via Hydrogen’. 15th Annual U.S. Hydrogen Conference and Hydrogen Expo USA. Los Angeles, California, April 26 – 30, 2004.

10. Wilson, C., Gair, S., Cruden, A., McDonald, J., and Armstrong, B.:’The Scottish Fuel Cell Consortium – a review of the first year of operation’. Sustainable City 2002, 3rd July, 2002, Segovia, Spain.

11. Cruden, A., McDonald, J., Gair, S., and Armstrong, B.:’The Scottish Fuel Cell Consortium – a review of the first year of operation’. 5th European Fuel Cell Forum. 1 – 5th July, 2002. Lucerne, Switzerland.
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Expertise Report

		Name		Project Title		University		Department		Value £k		Dates

		Prof JTS Irvine		Alternative p-block metal oxide anodes		University of St Andrews		Centre for Advanced Materials/Chemistry		17		1997-2000

		Prof JTS Irvine		COMBINED CHEMICAL PRODUCTION & POWER GENERATION - FUEL CELLS		University of St Andrews		Centre for Advanced Materials/Chemistry		197		2000-2003

		Prof JTS Irvine		COMPOSITE FUEL ELECTRODES FOR HIGH TEMPERATURE FUEL CELLS		University of St Andrews		Centre for Advanced Materials/Chemistry		222		2000-2003

		Prof JTS Irvine		OPTIMISATION OF SOFC ANODES FOR DIRECT METHANE OXIDATION		University of St Andrews		Centre for Advanced Materials/Chemistry		372		1997-2001

		Prof JTS Irvine		Studentship Alumina additioned zirconia		University of St Andrews		Centre for Advanced Materials/Chemistry		11		1995 1998

		Prof JTS Irvine		ELECTROCATALYTIC STUDIES OF NEW ANODES FOR SOLID OXIDE FUEL CELLS		University of St Andrews		Centre for Advanced Materials/Chemistry		166		1995-1997

		Prof JTS Irvine		Synthesis and characterisation of novel niobate perovskites		University of St Andrews		Centre for Advanced Materials/Chemistry		264		1995-1998

		Prof JTS Irvine		Proton Conducting Electrolytes for Fuel Cell Operations		University of St Andrews		Centre for Advanced Materials/Chemistry		65		1998-2001

		Prof JTS Irvine		Zero emission power generation using an all perovskite SOFC		University of St Andrews		Centre for Advanced Materials/Chemistry		80		1999-2002
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