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Executive Summary 

General overview 
 
The Technology Strategy Board is a business-led executive non-departmental public body, 
established by the Government and sponsored by the Department for Business, Innovation and Skills 
(BIS). Its role is to promote and support research into, and development and exploitation of, 
technology and innovation for the benefit of UK business, to increase economic growth and improve 
the quality of life. 
 
The Technology Strategy Board currently manages a range of programmes and delivery mechanisms 
to drive innovation, including The Low Carbon Energy Technologies programme. This encompasses a 
range of renewable energy technologies including: carbon abatement technologies, intelligent grid 
management, fuel cells and hydrogen, bioenergy, microgeneration and photovoltaics, wave energy, 
tidal stream and offshore wind. 
 
The Technology Strategy Board is one of the sponsors of the Energy Technologies Institute and, in 
addition, is working closely with the Department of Energy and Climate Change (DECC), the 
Research Councils, the Regional Development Agencies and Carbon Trust to ensure a coordinated 
support to innovation in energy. 
 
Research and development overview 
 
This report describes the Low Carbon Energy Technologies projects supported through the 
collaborative R&D programme of the Technology Strategy Board. In 2008/09, the programme had a 
portfolio of over 90 live research and development (R&D) projects with a total value of over £150 
million.  
 
In October 2008, the Technology Strategy Board announced an indicative investment of £72 million in 
innovative new R&D projects in eight key areas, including energy generation and supply, intelligent 
transport systems, photonics and high-value manufacturing. Throughout 2008/09, a number of 
competitions were announced to stimulate technological development and innovation in areas 
identified as priorities for direct investment in the Technology Strategy Board. An indicative budget of 
up to £10 million was allocated to invest in the area of fuel cells and hydrogen technologies, and up to 
£5 million was allocated to technology solutions to help maximise the recovery of the UK’s 
hydrocarbon resources. 
 
The fuel cells and hydrogen technologies competition focused on developing technologies and 
associated supply chains to offer significant improvements in: lowering costs and significantly 
improving reliability, durability and performance levels of low, intermediate and high-temperature fuel-
cell systems for stationary, transport and portable markets; addressing challenges related to hydrogen 
generation, storage and utilisation; and accelerating deployment to market.  
 
Under the Low Impact Building Innovation Platform, the Technology Strategy Board announced 
investment of £24 million through three new competitions to help cut the environmental impact of 
buildings. These included: 
 
· £4 million for the Design and Decision Tools competition to help improve the design and decision 

tools for use at every stage of the design process.  
· £10 million for the Retrofit for the Future competition to help design and install innovative 

technology to improve the energy efficiency and environmental performance of the UK’s current 
housing stock.  

· £10 million for the Monitoring of Demonstrator Buildings competition, which will enable companies 
constructing demonstrator buildings to apply for funding to monitor building performance, enabling 
comparison with predicted performance. 

 
In the Low Carbon Vehicles Innovation Platform (LCVIP), up to £10 million was allocated to fund 
highly innovative collaborative research projects in the field of ultra-efficient electrical systems for 
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electric and hybrid vehicles. LCVIP was originally launched in May 2007, with the first competition call 
being made in September 2007. In May 2008, 16 successful projects were announced from the 
competition call, benefiting from a total of £23 million of funding from the Technology Strategy Board 
and the Department for Transport.  
 
LCVIP is part of the wider Low Carbon Vehicle Integrated Delivery Programme. Within this, three 
additional competition calls were made during 2008/09:  
 
· £10 million allocated for the electrification of road transport to support business-led collaborative 

research and development in areas relevant to the development of enabling systems and sub-
system technologies. This is designed to deliver more cost-effective and higher performing all-
electric and hybrid vehicles for mass-market applications.  

· Between £5 million and £10 million was allocated for technologies to decarbonise road vehicles, 
covering all vehicle technologies capable of delivering large-scale carbon reductions in the coming 
decades.  

· Through the Engineering and Physical Sciences Research Council, £3 million was committed to 
academic-led research on lower carbon vehicle technology. 

 
Finally, in spring 2009, further competitions were made, which are due to close in summer 2009. In 
partnership with The Northern Way and the Department of Energy and Climate Change’s (DECC) 
Environmental Transformation Fund, the Technology Strategy Board allocated £15 million to invest in 
innovative collaborative R&D and pilot-scale demonstration projects in the area of carbon abatement 
technologies.  
 
Key results and achievements 
 
Section 3 describes some of the highlights from projects in each of the seven technology areas and 
gives summaries of all the projects live between April 2008 and March 2009. 
 
In the carbon abatement technologies area: 
 
· A consortium led by Jacobs Consultancy UK Ltd completed the Integrated Gasification Steam 

Cycle (IGSC) project. This highly successful project won first prize for Innovation and Excellence in 
Energy at the ChemEng08 awards. The IGSC project is a novel means of generating power from 
coal combustion with 100% carbon dioxide (CO2) capture. A key benefit of the technology is its 
application in retrofitting coal-burning power stations where additional power is generated with 
minimum loss of efficiency and substantial reductions in CO2 emissions. No other existing 
technology offers this dual capability (removal of carbon and increase in generating capacity). 
Importantly, the IGSC technology not only provides an answer to the need for greater power 
generating capacity, but also places the UK at the forefront of the development of technologies to 
reduce greenhouse gases.  

 
· Doosan Babcock Energy Ltd and partners completed an innovative project to develop and 

evaluate new alloys and weld procedures with sufficient resistance to corrosion and high 
temperature strength to enable efficient operation in coal-fired power plants at steam temperatures 
of 650ºC. The areas of activity included modelling microstructural development and oxidation 
characteristics of specific alloys, the production of new alloys, and the heat treatment, welding and 
extensive creep/stress rupture of these. The encouraging results received from the project have 
contributed significantly towards the development and understanding of advanced ferritic and 
austenitic alloy grades and their design. It is expected the improved material modelling tool will 
enhance the reputation of the universities and attract new funding and students. 

 
· Rolls-Royce plc and its partners are investigating and developing innovative CO2 compression 

system technologies for commercial, utility-scale carbon capture and storage (CCS) to improve on 
the weaknesses in current CO2 compression approaches. The project will help to develop 
optimised CO2 compressor technology-to-technology readiness level 3. So far, the project has 
made excellent progress and at a CO2 compression workshop organised by the US Department of 
Energy in 2009, it emerged as an industry-leading project. Work that is being undertaken has 
demonstrated that advanced compressors could offer significant benefits over machines that are 
currently available. Rolls-Royce plc is now undertaking preliminary design work for the most 
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promising concepts and assessing these with respect to power consumption, cost, carbon footprint 
and other performance attributes. 

 
· Led by ScottishPower Generation Ltd, the project is examining interactions along the entire CCS 

chain – from capture to transport with a particular focus on risk reduction in evaluating aquifer 
storage. Two analogous aquifer sites are being evaluated, both near shore, in the vicinity of large 
coal plant. The two sites have been selected to allow the development of the methodologies on 
real, as opposed to generic, scenarios. A key outcome of the project has been two state-of-the art 
3D geological modelled surfaces of near-shore aquifer systems. Follow-up work on mineralogy of 
proxy samples from boreholes is now at an advanced stage and the overall modelling results are 
being compiled. 

 
In the intelligent grid management  area:  
 
· A consortium led by Senergy Econnect Ltd completed the ‘Demand for Wind’ project. As the 

amount of intermittent renewable generation on the electricity networks increases it will become 
increasingly important to have access to intelligent systems that can match demand and supply 
across local and national electricity networks. Demand for Wind enables the signalling of the 
availability or otherwise of surplus generation to potential sources of demand, allowing potentially 
cost-effective responses to minute-by-minute changes in generation.  

 
· A project led by Psymetrix Ltd included partners Northern Ireland Electricity plc, National Grid plc, 

the University of Edinburgh and Queen’s University Belfast. Using the combined strengths of the 
partners in research, product development and commercialisation, and the experience and 
responsibilities of the system operators, the project team developed new techniques for observing 
the dynamic performance of a power grid and identified responses to stability risks. The increasing 
penetration of renewable energy generation and the reducing dependence on large thermal plants 
has seen unpredictable effects on the stability of oscillations in the network. Power oscillations 
have been seen at wind farms in Northern Ireland where wind energy penetration is relatively high. 
If oscillatory stability deteriorates, the risk of blackouts and network constraints increases. The 
project reported new innovative insights into the dynamic performance of a grid with a high 
penetration of wind generation. Even though the R&D was carried out with reference to the UK 
power industry, the resulting knowledge and technology will also be of interest to system operators 
around the world. The developments are being commercialised and will be made available as 
operational tools.  

 
· C-Tech Innovation Ltd, E.ON UK plc and the University of Southampton are developing a redox 

flow battery energy storage system that has the potential to store surplus renewables-generated 
energy at times of low demand, allowing it to be held until supply decreases or demand rises. Flow 
batteries offer scalable energy storage for electricity networks with the advantage that they can 
decouple energy storage capacity and power. The project has scaled up a novel membrane-less, 
soluble, lead-acid redox battery (or regenerative fuel cell) by a factor of over 2000 to a pilot plant 
comprising a bipolar stack of 400 mm x 250 mm frames with electrolyte tank and an electronic 
charge/discharge controller. 

 
In the fuel cells and hydrogen  area: 
 
· A project led by Johnson Matthey Fuel Cells Ltd (JMFC) to develop improved and lower-cost 

electrodes for fuel cells operating at 150 - 220°C,  such as phosphoric acid fuel cells, achieved 
such encouraging results that a major customer has already placed a commercial order to supply 
sufficient electrodes for a full-size stack evaluation. Initial commissioning data for this stack have 
confirmed that JMFC’s electrodes match or exceed the performance of existing suppliers and 
comfortably exceed the customer’s minimum requirements.  

 
· A consortium led by Intelligent Energy Ltd is developing a zero-emission, fuel cell hybrid taxi and 

has presented several papers and presentations at keynote conferences in the last year. The 
packaging design of the vehicle is now complete and assembly of the first experimental vehicle will 
start in late summer 2009, in parallel with detailed component and sub-system design. 
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· A consortium led by ITM Power Ltd has started a project to develop a novel, low-cost, alkaline, 
hydrogen electrolyser.  

 
In the bioenergy area:  
 
· A project led by Siemens Industrial Turbomachinery Ltd investigated the potential of the high 

efficiency SGT-400 gas turbine to burn low and medium heating value gas produced from 
biomass. Successful use of the turbine is dependent on the design and manufacturer of a scaled-
up fuel nozzle that would be suitable for use with biomass gas as well as improvements to the 
compressor. The successful collaborative work of the partners has resulted in a design that offers 
the potential for applications using biomass gas and performance calculations suggest the design 
is capable of achieving a net electrical efficiency of 36.25%, an increase of over 2% compared with 
that achieved by the current production model.  

 
· Green Biologics Ltd and partners are aiming to develop an economic and sustainable fermentation 

process for bio-butanol. This is an attractive ‘next generation’ liquid biofuel for transportation that 
fits into the existing fuel infrastructure and outperforms first-generation biofuels based on 
bioethanol and biodiesel. The integration of improved microbes with advanced process 
configuration offers a step change in fermentation efficiency and should result in re-
commercialisation of the fermentation process. 

 
· Ashwell Engineering Ltd and partners are aiming to develop a ‘first of its kind’, integrated, 

biomass-fuelled, micro-scale combined heat and power (CHP)/cooling system. Modern buildings 
require increasing amounts of cooling and electricity, but there is no renewables alternative for this 
market. This project has the potential to offer a renewables solution for all energy needs to the 
building services sector.  

 
In the microgeneration and  photovoltaics  area:  
 
· RBR Associates Ltd and its partners are aiming to develop an innovative, ridge-mounted, solar-

thermal collector panel that will be built using cost-effective polymer manufacturing processes. 
Prototype trials have established that manufacturing through injection moulding is possible. 

 
· Merck Chemicals Ltd and partners are working towards ways to enhance the performance of organic 

photovoltaics (OPVs) to improve the prospect of low-cost, flexible and efficient solar cells. To date, 
substantial advances have been made in establishing the scientific design rules for semi-conducting 
polymers for OPVs, leading to iterative optimisation of Merck’s polymer synthesis, substrate design and 
device performance. 

 
· The Centre for Integrated Photonics and its partners are aiming to exploit the advantages of 

cheaper indium phosphide (InP) substrates and higher efficiency arising from broader spectral 
coverage in thermophotovoltaic (TPV) cells. The project has fabricated initial samples of a 
commercially available TPV cell on optimised 76 mm (3 inch) substrates. The cell shows 
significantly higher overall efficiency than existing commercial gallium antimonide (GaSb) TPV 
cells measured in identical conditions. 

 
In the wave energy and tidal stream  area:  
 
· The UK’s first full-scale tidal energy generator, SeaGen, was successfully installed in the Narrows 

between Strangford Lough and the Irish Sea. The device, developed by Marine Current Turbines Ltd, 
is mounted on a quod-pod foundation that supports a monopile. Two 600 kW turbines are mounted 
on a mobile cross-beam that can be used to raise and lower the turbines for maintenance. Following 
installation and commissioning in the spring of 2008, SeaGen began exporting power to the grid in 
July 2008.  

 
· Tidal Generation Ltd (TGL) has continued to make good progress with an alternative concept that 

relies on a tripod foundation that is pre-installed on the sea floor. The turbine and generator are 
then winched on to a submerged mounting at the top of this structure. The powertrain assembly 
can be detached from the pre-installed foundation for maintenance or complete replacement at a 
later date. TGL has now designed, built and assembled all the components for its 500 kW 
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prototype. It plans to install, commission and test the device from the summer of 2009 at the 
European Marine Test Centre in Orkney. 

 
· Oyster® is an innovative, hydroelectric, wave-power converter, currently being developed by 

Aquamarine Power. Designed to capture the energy found in nearshore waves and convert it into 
electricity, Oyster uses a simple hinged flap connected to the seabed at around 10 m depth. Each 
passing wave moves the flap, which drives hydraulic pistons to deliver high-pressure water via a 
pipeline to an onshore turbine that generates electricity. Multiple Oyster devices will be deployed in 
wave farms typically of 100 MW or more. In June 2009, Oyster won the innovation award at British 
Renewable Energy Awards. 

 
In the offshore wind area: 
 
· A consortium led by TWI Ltd commenced work on a project aiming to enable fast, efficient and 

cheaper production of offshore marine foundations. The proposed work is targeted at making a 
step change in production capability using a new fabrication process called Reduced Pressure 
Electron Beam Welding, and will take advantage of novel steel formulations that are just becoming 
available. 

 
· The development of stealth technology for wind turbines is designed to minimise the interference 

of wind farms with civil air traffic control, military defence and other radars, including weather 
monitoring and marine navigation aids. Following completion of the design work and blade 
manufacture, an operational trial is planned for later in 2009.  
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1 Introduction 

1.1 Programme Delivery 

The Low Carbon Energy Technologies programme is administered on behalf of the Technology 
Strategy Board by AEA, a global energy and environmental consultancy based in Oxfordshire. AEA 
has managed this and its predecessor programmes for over 8 years, with the main activities being: 
 
· Programme management. 
· Project monitoring and evaluation. 
· Contract management. 
· Grant disbursement. 
· Communications. 
· Stakeholder engagement. 
· Project metrics and reporting.  
· Assessment support. 
 
The AEA delivery team includes technical experts and project support personnel. In addition to the 
Programme Manager, there are 6 Monitoring Directors (MDs) and up to 20 Monitoring Officers (MOs), 
supported by 5 Communications professionals and Contracts and Finance staff.  
 
Project monitoring is the main activity and the principal roles are: 
 
· MDs – each of the seven technical areas is led by an MD who supports MOs in the delivery of their 

monitoring role by providing specialist technical input and liaising with the Technology Strategy 
Board to resolve issues.  

· MOs – use technical knowledge, experience and project management skills to: 
- Be a key point of contact for the innovation projects. 
- Make informed judgements on the rate of technical progress.  
- Highlight potential problems immediately. 
- Recommend appropriate action. 

 
The programme can also call upon additional resource from over 900 staff in the AEA organisation 
when required. During 2008/09, the delivery team comprised: 
 

 

1.2 Scope of Delivery  

Between April 2008 and March 2009 AEA: 

 
· Provided monitoring support to 94 projects. 
· Paid over £60 million in grants. 
· Assessed services for the latest Low Carbon Energy competition during April and May 2008. 
· Produced draft grant offer letters. 
· Developed case studies to communicate project success stories. 
· Produced and disseminated six issues of an e-bulletin to over 1,300 subscribers. 
· Provided technical input to strategy papers for the Technology Strategy Board, the Department for 

Business, Enterprise and Regulatory Reform (BERR) and other Government departments. 
· Issued the 2007/08 Annual Report. 
· Prepared and submitted monthly and quarterly reports to the Technology Strategy Board. 
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2 Programme Portfolio 

2.1 Summary of Projects 

During 2008/09, the Low Carbon Energy Technologies programme included projects that addressed 
the following technologies: 
 
· Carbon abatement. 
· Intelligent grid management.  
· Fuel cells and hydrogen. 
· Bioenergy. 
· Microgeneration and photovoltaics. 
· Wave energy and tidal stream. 
· Offshore wind. 
 
Details of the number of projects that were live between 1 July 2008 and 31 March 2009, and the 
average level of investment are shown below. 
 

Technologies Number of 
projects 
initiated 

Number of 
projects 
ended or 

completed 

Total 
number of 
projects 
managed 

Value of portfolio (£)  Approximate 
grant (£) 

Carbon abatement 
technologies 

5 2 12 13,145,413 4,973,330 

Intelligent grid 
management 

2 8 18 11,754,535 5,214,222 

Fuel cells and 
hydrogen 

4 3 13 28,103,999 13,069,301 

Bioenergy 2 2 10 11,574,217 4,916,369 
Microgeneration 
and photovoltaics  

4 5 14 11,199,584 5,626,104 

Wave energy and 
tidal stream 

10 9 19 39,333,854 20,041,853 

Offshore wind 3 0 8 37,200,834 6,909,319 

Totals 30 29 94 152,312,436 60,750,498 

 
 
 

3 Project Summaries 

This section provides a more detailed description of the seven technology areas supported by the 
Low Carbon Energy Technologies programme and some highlights of the projects included in each 
area. 
 

3.1 Carbon Abatement Technologies  

3.1.1. Priority R&D areas 
 
Carbon abatement technologies (CATs) cover a range of generic options to reduce emissions of 
carbon dioxide (CO2) from the combustion of fossil fuels. If CO2 emissions are to be reduced 
effectively, CATs will need to be deployed along with a portfolio of measures that include energy 
efficiency, renewable energy technologies and nuclear power. However, CATs are the only measures 
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that can impact directly the emissions from the use of fossil fuels. All reputable forecasts project that 
fossil fuel use will continue to increase for the foreseeable future. CATs comprise a group of 
innovative technologies that complement the other abatement options and, during 2008/09, the 
following R&D areas were progressed: 
  
· Higher efficiency conversion processes. The amount of fuel consumed and, hence, the associated 

CO2 emissions are reduced when conversion processes (eg power generation, oil refining) are 
made more efficient. Emissions reductions from 10% to more than 30% are possible, depending 
on the performance of the old and replacement plant. 

· Alloy development for critical components for environmentally friendly power plant. The main 
objective being to develop alloys, weld consumables and procedures for advanced steels that 
have sufficient resistance for operation in plant at 650°C typically. These materials will permit 
increases in plant operating efficiency, thereby reducing CO2 emissions. 

· Carbon capture and storage (CCS). In CCS, the carbon in fossil fuels is captured (as CO2) either 
before or after combustion and committed to long-term storage in geological formations. This 
approach can reduce emissions by more than 85%. Biomass co-firing in conjunction with CCS 
offers the opportunity of net negative CO2 emissions. 

 
3.1.2. Project overview 
 

Number of projects initiated 5 

Number of projects completed  2 

Total number of projects managed 12 

 
The projects managed during 2008/09 have covered the improvement of the efficiency of existing and 
developing technologies, including oxyfuel firing processes and alloy development for advanced 
power plant. CCS technologies have also been investigated and are considered to be the most radical 
of the CAT options. 
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3.1.3. Project listings 
 

Project title Lead Partners Status Estimated 
duration 

Alloy Development for 
Critical Components on 
Future Coal-fired Power 
Plant 

Doosan Babcock 
Energy Ltd 

ALSTOM Power Ltd, 
Corus UK Ltd, Cranfield 
University, E.ON UK 
plc, Loughborough 
University, Metrode 
Products Ltd, NPL 
Management Ltd, TWI 
Ltd  

Completed 3 years and 
6 months 

Industrial and Utility Scale 
Integrated Gasification 
Single Cycle (IGSC) 

Jacobs 
Consultancy UK 
Ltd 

CO2 Global AS, Siemens 
plc, MAN Turbo Ltd, 
Imperial College London 

Completed 2 years and 
8 months 

Superheater and Pipework 
Component Demonstration 
for AD 700 Type Coal-fired 
Boilers in European Power 
Plant 

Doosan Babcock 
Energy Ltd 

E.ON UK plc Ongoing 4 years and 
1 month 

OxyCoal UK  Doosan Babcock 
Energy Ltd 

Air Products plc, E.ON 
UK plc, RWE npower 
plc, University of 
Nottingham, Imperial 
College London, BP 
International 

Ongoing 2 years and 
6 months 

Carbon Dioxide Amine 
Separation and Storage for 
Capture-ready Pulverised 
Fuel Plant (CASS-Cap) 

RWE npower plc 

Doosan Babcock, 
Energy Ltd, Drax Power 
Ltd, Scottish and 
Southern Energy 
Generation Ltd, Visser 
& Smit, Hanab UK, 
Imperial College 
London, ScottishPower 
Generation Ltd, EDF 
Energy plc 

Ongoing 
2 years and 
5 months 

CO2 Aquifer Storage Site 
and Evaluation Monitoring 
(CASSEM) 

ScottishPower 
Generation Ltd 

Scottish and Southern 
Energy Ltd, AMEC 
Group Ltd, 
Schlumberger Oil UK 
plc, Marathon Oil UK 
Ltd, Heriot-Watt 
University, University of 
Edinburgh, University of 
Manchester, BGS 

Ongoing 2 years and 
6 months 

Sealing and Surface 
Engineering Technologies 
for USB Steam Turbine 
Plant (700-760°C) 

ALSTOM Power 
Ltd 

Cross Manufacturing Co 
Ltd, NPL Management 
Ltd, E.ON UK plc, 
Monitor Coatings Ltd, 
Indestructible Paint Ltd, 
Cranfield University 

Ongoing 3 years 

Optimised Oxycoal 
Combustion 

Doosan Babcock 
Energy Ltd 

Air Products plc Ongoing 
1 year and 
11 months 

Enhanced Capture with 
Oxygen Critical Operating 
Parameters Post-
Combustion Scrubbing 

RWE npower plc 
BOC Ltd, Doosan 
Babcock Energy Ltd, 
University of Leeds 

Ongoing 3 years 

Optimisation of Oxyfuel PF 
Power Plant for Transient 
Behaviour 

Doosan Babcock 
Energy Ltd 

Air Products plc, RWE 
npower plc, Imperial 
College London 

Ongoing 2 years 

CO2 Optimised 
Compression (COZOC) 

Rolls-Royce plc 
University of 
Nottingham, E.ON UK 
plc 

Ongoing 2 years 

Impact of High 
Concentrations of SO2 and 

Doosan Babcock 
Energy Ltd 

University of Leeds, 
E.ON UK plc, IEA 

Ongoing 2 years 
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SO3 in Carbon Capture 
Applications and its 
Mitigation 

Greenhouse Gas R&D 
Programme 

 
3.1.4. Project highlights 
 
Alloy Development for Critical Components on Future  Coal-fired Power Plant  
 
Project lead: Doosan Babcock Energy Ltd 
 
This was an innovative UK project to develop and evaluate new alloys and weld procedures with 
sufficient resistance to corrosion and high temperature strength to enable operation in coal-fired 
power plant at steam temperatures of 650ºC. The thermal efficiency of such power plant is dependent 
on the final steam temperature (limited to around 600ºC).  
 
The lead partner co-ordinator for this project was Doosan Babcock Energy Ltd and the project 
partners included many of the leading UK industrial and academic bodies – ALSTOM Power Ltd, 
Corus UK Ltd, E.ON UK plc, Metrode Products Ltd, TWI Ltd, Cranfield University, Loughborough 
University and NPL.  
 
The areas of activity included modelling microstructural development and oxidation characteristics of 
specific alloys, the production of new alloys, and the heat treatment, welding and extensive 
creep/stress rupture of these. The results of this programme have contributed significantly towards 
the development and understanding of advanced ferritic and austenitic alloy grades and their design. 
 
 
 

 
 
 

Creep Testing Laboratory  
(Image courtesy of Doosan Babcock Energy Ltd) 
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Key results 
 
· Models developed to predict oxide, growth and spallation for all alloys. 
· A predictive model for creep - the high temperature deformation of metal with time - against 

alloy composition. 
· New boron bearing ferritic alloy composition identified. 
· A new inexpensive austenitic alloy developed. 
· Miniature specimen creep test developed. 
· High-pressure steam oxidation rig commissioned. 
 
Future activities 
 
· The improved material modelling tool will enhance the reputation of the universities and 

attract new funding and students. 
· The steam oxidation and spallation modelling and test techniques will provide new business 

for the partners involved. 
· Miniature test methods will be used to aid ‘in-plant’ assessment and life extension of current 

power plant. 
· Developments in welding will find an immediate use by the fabricators and commercial 

opportunities exist for the austenitic steel developed. 
· The identification of the boron-containing alloy composition along with predictive creep 

models will be further developed to introduce a new range of ferritic steels. At the last 
European Cooperation in Science and Technology (COST) 536 meeting in June 2008 it was 
agreed a that a new proposal be submitted to COST to allow further investigation of boron-
containing steels. Here in the UK, Doosan Babcock Ltd, E.ON UK plc, ALSTOM Power Ltd, 
RWE npower plc and Corus UK Ltd are preparing a development programme for boron-
containing alloys. This programme plans to make a large-scale cast to assess the 
commercial manufacturing aspects of such alloys.  

 
 

 
CO  2 Optimised Compression – COZOC  
 
Project lead: Rolls-Royce plc 
 
This project is investigating and developing innovative CO2 compression system technologies for 
commercial utility-scale CCS, improving on weaknesses in current CO2 compression approaches. The 
project will help develop optimised CO2 compressor technology-to-technology readiness level 3. Key 
project objectives for this 2-year programme include: 
 
· A benchmarking and suitability assessment of existing CO2 compression system technologies. 
· Concept designs for compressor systems (innovatively) designed from the outset to optimally 

compress CO2 as part of an integrated chain for CCS in a utility-scale power generation context.  
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Schematic of CCS system 

(Image courtesy of CO 2CRC)  
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cross-section of Rolls-Royce barrel-style compresso r 
(Image courtesy of Rolls-Royce plc) 
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Key results 
 
The COZOC project has been running for 8 months and has made excellent progress. At a 
recent CO2 Compression Workshop run by the US Department of Energy and attended by 
members of the project team, it was apparent that COZOC is an industry-leading project, 
addressing the key technical issues. 
 
· During the first 6 months, Rolls-Royce plc undertook a preliminary scoping study for a CO2 

optimised compressor, assessing the suitability of currently available compressors and 
pumps for the application, and the performance benefits of adapted and novel compression 
concepts (including cryogenic-pumping options). The work undertaken showed that 
advanced compressors could offer significant benefits over currently available machines. 
Rolls-Royce plc is now undertaking preliminary design work for the most promising 
concepts and assessing these with respect to power consumption, cost, carbon footprint 
and other performance attributes. 

· E.ON Engineering has provided Rolls-Royce plc with detailed representative customer 
requirements to ensure that the optimised compressor design that is developed satisfies 
expectations. The company has also provided its perspective of current compressor 
products, future opportunities and priorities. E.ON Engineering has produced a baseline 
model of the power plant, which, later in the programme, will be used to assess the 
integration and performance of the advanced compressor concepts. With the assistance of 
Rolls-Royce plc, E.ON Engineering is now developing and assessing drive-train solutions. 

· The University of Nottingham has produced a comprehensive literature review of CO2 
compression technologies and assessed the anticipated impact that impurities will have on 
these, the corrosive properties of CO2 mixtures and the potential material issues for the 
compressor. In addition to undertaking further evaluation of the impact of impurities on 
compressor materials, the University of Nottingham has now commenced its experimental 
work, measuring the thermodynamic properties and phase boundaries of representative 
CO2 mixtures. 

 
 

 
CO  2 Aquifer Storage Site and Evaluation Monitoring (CA SSEM) 
 
Project lead: ScottishPower Generation Ltd 
 
Low-carbon use of fossil fuels requires the capture of CO2 at power stations and storage in the pore 
space of rock formations deep below ground. With this in mind, this project has the following main 
outputs:  
 
· Innovation of methods to evaluate low-cost aquifer storage for the UK, using sites where the 

inherently sparse geological data are already available, with limited acquisition of new data, 
including the development of monitoring strategies. 

· Design of geophysical methodologies and financial modelling tools to assess the viability of a 
saline aquifer as a CO2 store. 

· Evaluation of two analogous sites close to existing coal-fuelled plant.  
 
This project examines interactions along the entire CCS chain – from capture to transport, with a 
particular focus on risk reduction in evaluating aquifer storage. Two aquifer regions will be examined, 
both near shore, in the vicinity of large coal plant. The two sites have been selected to allow the 
development of the methodologies on real, as opposed to generic, scenarios. The structures selected 
are unlikely to provide commercial stores in the future. However, these sites provide excellent 
analogues for future large commercial stores off shore. 
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Layered and bounding geology 
(Image courtesy of ScottishPower Generation Ltd) 

 
 
 
Key results  
 
· Two state-of-the-art 3D geological modelled surfaces of potential onshore-offshore aquifer 

systems have been completed. Follow-up work on mineralogy of proxy samples from 
boreholes is well advanced and the overall modelling results are being compiled. The main 
advance is a joint integration of data between different modelling packages, and combining 
detailed mineralogy and petrological data into the reservoir simulation activity. 

· Flow modelling has been used to estimate injection capacity and long-term security of CO2 
storage in saline aquifers. This work has been split into three phases with the objective of 
identifying the value and impact of using more refined data and more advanced modelling 
techniques in each successive phase. 

· Development of novel injection strategies to optimise the dissolution of CO2 in brine on the 
surface prior to injection is being investigated. Several techniques have been identified and 
modelled; the chemical engineering practicability of these techniques is being assessed. 

· Interim route selection has been made between the power plant and target stores. 
· New methods of eliciting information from experts in the field of CO2 storage to establish a 

detailed risk profile of selected sites have been developed.  
· This risk management process was used to identify areas of greatest uncertainty associated 

with the chosen sites. Data acquisition techniques were identified that addressed these 
specific risks. This activity includes: 
- Reprocessing old seismic data for one of the target sites. 
- Reinterpretation of the reprocessed seismic data set. 
- Hydrogeology study. 
- Monitorability assessment. 
- Relative permeability assessments of three rock samples. 

· A process flow diagram (PFD) from power plant to CO2 storage in the target saline aquifer 
has been developed. Work has now commenced on financial modelling of the CCS train 
based on the PFD. 
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Industrial and Utility Scale Integrated Gasificatio n Single Cycle (IGSC)  
 
Project lead: Jacobs Consultancy UK Ltd 
 
There is overwhelming market pressure to develop coal-to-electric power processes that would 
reduce, and preferably eliminate, CO2 emissions without compromising the existing power generation 
capacity. Current methods of retrofitting for CCS would remove CO2 to a limit (up to a maximum of 90 
– 95%), but would also reduce the retrofitted plant efficiency and output to a considerable extent. The 
main objective of this project was to produce costed designs for new and retrofit coal-based power 
stations incorporating near 100% carbon capture.  
 
The IGSC technology consists of a two-stage complete combustion of pulverised coal at high 
pressure, followed by the expansion of the combustion gases to generate power. The products of 
combustion, which are mainly CO2, are contained within the steam, which after expansion and 
condensation to generate power, leaves the CO2 for capture and compression for export to storage 
without the need for an expensive and energy consuming scrubbing process. Further advantages are 
the absence of a flue gas discharging to atmosphere and a net production of increasingly valuable 
water. 
 
The process is based on the use of coal, but can also use natural gas, especially for start up. The 
CO2 by-product is available for compression at an elevated pressure thus substantially reducing the 
CO2 compressor footprint, power and cost. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Image courtesy of Jacobs Consultancy UK Ltd) 
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3.2 Intelligent Grid Management  

3.2.1 Priority R&D areas 
 
There were no calls for proposals in the 2008/09 reporting period. However, during this period, a 
number of proposals submitted to the November 2007 call were assessed and two were 
recommended and approved for grants. 
 
The following R&D areas were identified for priority support in the November 2007 call: 
 
· Maximising the utilisation of existing transmission and distribution assets in the face of the 

increasing deployment of new generating technologies. 
· Facilitating the timely connection of new generation, while maintaining levels of system security 

and minimising the impact of constraints. 
· Minimising the impact of energy losses. 
· Managing the impacts of variable output caused by intermittency, etc at a system level, including 

applying electrical storage and demand-side measures such as ‘smart appliances’. 
· Cost-effectively integrating onshore and offshore generation technologies, including innovation to 

permit Grid Code requirements to be met in the most economical way.  
· Cost-effectively integrating microgeneration technologies. 
· Developing low carbon network equipment, design, management, operation and control, including 

active management systems and methodology. 
 
3.2.2 Project overview 
 

Number of projects initiated 2 

Number of projects completed  6 

Number of projects stopped 2 

Total number of projects managed 18 

 

 
Key results 
 
The most exceptional benefit of the IGSC technology is its application in the retrofitting of 
existing coal-burning power stations. For such a retrofit, additional power will be generated with 
minimum loss of efficiency and 100% capture of CO2. This not only provides an answer to the 
need for greater power generating capacity, but also places the UK in the forefront of the 
development of technologies to reduce greenhouse gas emissions. Such IGSC retrofits could 
be executed in the near future and within the lifespan of existing power stations. 
 
· The technology is a novel means of generating power from what is normally regarded as 

dirty fuel, with the capability of capturing all of the resultant CO2 by-product. 
· It can be used effectively to retrofit the entire global fleet of existing coal-burning power 

stations resulting in increased global power generating capacity and a substantial reduction 
in CO2 emissions. 

· The technology is proprietary to the UK and, therefore, will be beneficial to UK exports. 
· The ability of the process to operate using natural-gas feedstock could be of interest in 

those countries with a surplus of natural gas, but a chronic shortage of water (such as those 
in the Middle East), because operation on relatively clean natural gas will produce a 
significant by-product yield of fresh water.  
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The 18 projects managed during the year included the development of electrical energy storage 
devices, network active management systems, network connection information systems and tools, 
advanced metering, fault level assessment, and control devices for the connection and control of 
offshore wind farms.  
 
Two projects were stopped at the request of the partners, with approval from the Technology Strategy 
Board because they reached the view that they would be unable to reach their original objectives.  
 
3.2.3 Project listings 
 

Project title Lead  Partners Status Estimated 
duration 

Integration of Operation of 
Embedded Generation 
and Distribution Networks 

BEAMA Energy 
Ltd 

ECS Ltd, EA 
Technology Ltd, EDF 
Energy plc, 
Powergen, RWE 
npower, Good Energy 

Completed 4 years 

Electricity Supply Fault 
Level Instrument for DG 
and Other Applications 

EA Technology 

Energy Networks 
Association, CE 
Electric UK, Central 
Networks, EDF 
Energy plc, National 
Grid plc, Western 
Power Distribution, 
Northern Ireland 
Electricity plc, United 
Utilities, 
ScottishPower 
Generation Ltd, 
Scottish & Southern 
Energy 

Stopped 
and closed 

2 years 

Control of Wind Farm 
Grids with an HVDC link 

AREVA T&D UK 
Ltd 

University of 
Nottingham Completed 3 years 

Grid Compliant AC 
Connection of Offshore 
Wind Farms Using a 
STATCOM 

National Grid 
Transco AREVA T&D UK Ltd Completed 

2 years and 
6 months 

Development of Redox 
Flow Battery for Utility 
Energy Storage 

ESD Ltd 

Senergy Econnect 
Ltd, 
University of 
Southampton, 
Swanbarton Ltd, 
ScottishPower Power 
Systems Ltd 

Ongoing 4 years 

A Combined Low Cost 
Electricity and Gas ‘Smart 
Meter’ Using New Solid-
State Gas Metrology 

Centre for 
Sustainable 
Engineering 

Polymers Response 
International Ltd, 
Sentec Ltd, EDF 
Energy plc 
 

Stopped 
and closed 

2 years and 
4 months 

Fault Current Calculations 
for Distribution Networks 
with Embedded 
Generation 

TNEI Services 
Ltd 

ScottishPower Power 
Systems Ltd, United 
Utilities, E.ON UK plc 

Completed 
2 years and 
4 months 

Active Management of 
Distributed Generators 
Based on Component 
Thermal Properties of 
Power System Plant 

Parsons 
Brinckerhoff Ltd 

ScottishPower Power 
Systems Ltd, AREVA 
T&D UK Ltd, Imass 
Ltd, University of 
Durham 

Ongoing 3 years 

Redox Flow Cells for 
Intelligent Grid 
Management 

C-Tech 
Innovation Ltd 

E.ON UK plc, 
University of 
Southampton 

Ongoing 3 years 
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Project title Lead  Partners Status Estimated 
duration 

Smart Grid Oscillation 
Management for a 
Changing Generation Mix 

Psymetrix Ltd 

Northern Ireland 
Electricity plc, 
National Grid plc, 
Queen’s University 
Belfast, University of 
Edinburgh 

Completed 2 years 

Data Acquisition System 
for Active Network 
Management 

Senergy 
Econnect 
Ventures Ltd 

Fundamentals Ltd Completed 2 years 

Demand for Wind 
Senergy 
Econnect 
Ventures Ltd 

Good Energy, 
University of Durham Completed 

2 years and 
3 months 

Managing Active 
Networks through 
Intelligent Systems 
(MANtIS) 

Rolls-Royce plc 

ScottishPower Power 
Systems Ltd, 
University of 
Manchester, 
University of 
Strathclyde 

Ongoing 3 years and 
4 months 

Enhanced Grid 
Connection Assessment 
Web Tool 

Senergy 
Econnect 
Ventures Ltd 

Imass Ltd, University 
of Durham 

Ongoing 2 years and 
3 months 

The Zero Fault Level 
Generator for Active 
Urban Networks 

NaREC (New 
and Renewable 
Energy Centre) 
Development 
Services Ltd 

CRE8 Innovation 
Solutions Ltd, 
University of 
Nottingham, Imperial 
College London, EDF 
Energy Networks Ltd, 
E.ON UK plc, 
Yorkshire Electricity 
Distribution plc 

Ongoing 2 years  

Multi-terminal DC 
Transmission Micro-grid 
System for Interfacing 
Multiple Wind Turbines 

Proven Energy 
Ltd 

Scottish & Southern 
Energy, University of 
Strathclyde 

Ongoing 3 years 

DD-DSM: Demonstration 
of Distributed Demand 
Side Management as a 
Service to the UK Grid 
Operator 

E.ON 
Engineering Ltd 

Space Airconditioning 
plc, Horstmann 
Group Ltd, National 
Grid plc, Viessmann 
Ltd, Loughborough 
University, Imperial 
College London 

Ongoing 2 years 

Building Integrated 
Ethernet Networks and 
Renewable Power 
Generation (BIEN-RPG) 

Siemens IT 
Solutions and 
Services Ltd 

University of 
Strathclyde, Building 
Research 
Establishment Ltd 

Ongoing 2 years 

 
3.2.4 Project highlights 
 
Demand for Wind  
 
Project lead: Senergy Econnect Ventures Ltd  
 
The ‘demand for wind’ system maximises the value of wind-power generation through the 
management of domestic loads. Using web-based technology to facilitate automated control, the 
system changes the timing of domestic electricity demand by adding load when there is surplus wind-
power generation. The system also allows switching from gas to electricity for heating requirements, 
exploiting renewable energy that might otherwise have been constrained off (prevented from 
generating) or sold at a lower price.  
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A website provides users with detailed information on their electricity usage and micro-generation 
production, if installed, as well as an easy way to customise the level of load control within their home. 
The prototype has been tested in field trials at various homes throughout Great Britain with 
encouraging results. This project was led by Senergy Econnect Ventures Ltd, specialist in grid 
connection of renewable energy, in collaboration with renewable energy supplier Good Energy and 
the School of Engineering at Durham University. 
 
 

 
 
 

Schematic diagram showing the basis of operation of  the ‘demand for wind’ system 
(Image courtesy of Senergy Econnect Ventures Ltd) 

 
 

 
Key results 
 
· A prototype web-based demand management system. 
· Field trials with 80 volunteers and 11 active test sites. 
· Collection of high-resolution demand and controlled profiles from test sites. 
· Analysis and modelling of the system’s impact. 
 
 

 
Smart Grid Oscillation Management for a Changing Ge neration Mix   
 
Project lead: Psymetrix Ltd 
 
In this project, new techniques for observing the dynamic performance of a power grid and identifying 
responses to stability risks were developed. It also reports new insights into the dynamic performance 
of a grid with a high penetration of wind generation. The project was carried out by a consortium led 
by Psymetrix Ltd, and which included National Grid plc, System Operator Northern Ireland (SONI), 
University of Edinburgh and Queen’s University Belfast. This team combined strengths in research, 
product development and commercialisation, and the experience and responsibilities of the system 
operators.  
 
The UK’s power industry currently has an excellent reputation for reliability and system stability. 
Maintaining this record with major changes in the generation towards low carbon technologies is a 
challenge. These changes affect the dynamic performance of the system, and it is increasingly 
important to identify emerging dynamics problems and manage these issues before they limit the 
reliability or capability of the grid.  
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The research and development was carried out with reference to the UK power industry, but the 
resulting knowledge and technology is also of interest to system operators around the world. The 
developments are being commercialised and will be made available as operational tools.  
 
 

 
 
 

New real-time tools developed for measuring and res ponding to power system dynamics 
applied to the Icelandic grid  

(Image courtesy of Psymetrix Ltd) 
 

 
 
 
 
 
 
 
 
 
 
 
 

Redox Flow Cells for Intelligent Grid Management  
 
Project Lead: C-Tech Innovation Ltd 
 
This project addresses the long-standing and increasingly vital need for a flexible, scalable and cost-
effective electrical energy storage capability. This is essential to the security and reliability of future 
electricity networks with their increased reliance on generation from distributed and intermittent 
renewable energy sources. Flow batteries offer scalable energy storage for electricity networks with 
the advantage that they can decouple energy storage capacity and power. Essentially this means that 
the storage device can be built in a modular form to provide a certain combination of capacity (kWh) 
and power (kW).  

 
Key results 
 
· New methods for tracking down oscillation problems in the power system. 
· New applications for GPS-synchronised wide-area monitoring using phasor measurement 

units.  
· Discovery and analysis of interactions between windfarm and system dynamics. 
· Assessment of the present and future impact of wind generation on system dynamics. 
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Other types of flow battery typically contain expensive materials or require complex maintenance. The 
advantage of the C-Tech cell is that it will be based on low-cost materials and be membrane free – 
potentially leading to lower cost storage devices. 
 
The main project objectives can be summarised as:  
 
· Realisation of a membrane-free redox flow cell for electrical energy storage using soluble lead 

technology. 
· Scale-up to a multilayer redox flow-cell stack and pilot plant. 
· Quantification of stack and pilot-plant power outputs as a function of operational parameters, 

including on a dummy grid. 
· Modelling the system’s performance on larger power grids for a wide mix of generation sources. 
· Technical and economic assessment of the system for operation on national and micro grids. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Other key results expected on completion  
 
By the end of the project, extensive data from operation of the pilot plant will be available, which will 
be used to assist in a technical and economic analysis of the system benchmarked against competitor 
technologies. 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
The pilot cell on its support frame during trials 

(Image courtesy of C-Tech Innovation Ltd) 
 

 
Key results 
 
· The project has scaled-up a novel membrane-less soluble lead-acid redox battery (or 

regenerable fuel cell), by a factor of over 2,000 to a pilot plant consisting of a bipolar stack 
of 400 x 250 mm frames with electrolyte tank and an electronic charge/discharge 
controller (see images below). 

· This pilot plant is based on extensive development work of the chemistry, cell design, 
materials selection and flow optimisation at laboratory scale. The market for storage 
technology has been studied and potential application identified. In particular, load profiles 
and control strategies have been develped for integration of renewable energy 
generation. 
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A section through the pilot cell containing four fr ames in a bipolar stack 
(Image courtesy of C-Tech Innovation Ltd) 

 
 

3.3 Fuel Cells and Hydrogen 

3.3.1 Priority R&D areas 
 
The following R&D areas were identified for priority support in 2008/09: 
 
· Innovative projects addressing the achievement of a hydrogen economy and\or the widespread 

deployment of fuel cells, with particular emphasis on the supply chain and the planned route to 
commercial exploitation of the results in the UK and Europe. 

· Development of novel systems and solutions for hydrogen storage, with low cost and high energy 
efficiency, in particular offering the prospect that would make them suitable for ready integration 
with automotive fuel-cell systems. 

· Research and development of novel, durable and lower cost systems and manufacturing 
processes for hydrogen electrolysers and fuel-cell systems. 

· Development of innovative components and stack designs for improved efficiency and 
performance and simplified system design. 

· System development for advanced fuel cells focused on real-world automotive and combined heat 
and power (CHP) applications. 

· Design, construction and evaluation of efficient, low-cost, hydrogen production systems suitable for 
on-site vehicle refuelling. 

 
3.3.2 Project overview 
 

Number of projects initiated 4 

Number of projects completed  3 

Total number of projects managed 13 

 
The 13 projects managed during 2008/09 covered:  
 
· Development of novel materials for fuel cell membranes, hydrogen storage and hydrogen 

purification.  
· The evaluation of novel designs for fuel-cell stacks and systems.  
 
Particular attention has been given to promoting the development of a UK supply chain.  
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3.3.3 Project listings 
 

Project title Lead  Partners Status Estimated 
duration 

Develop a Durable Fuel 
Cell Membrane Using 
Functionalised Additives 

Johnson Matthey 
Fuel Cells Ltd 

University of Surrey, 
ICI Imagedata 

Completed 2 years and 
6 months 

Integrated Fuel Cell 
System Prototype 
Demonstrator for CHP 
Applications 

Ceres Power Ltd British Gas Completed 
3 years and 
6 months 

High Throughput 
Synthesis and Screening 
of Novel Hydrogen 
Storage Materials 

Ilika Technologies 
Ltd 

CCLRC Rutherford 
Appleton Laboratory, 
Johnson Matthey 
Fuel Cells Ltd, 
University of Oxford 

Ongoing 3 years and 
6 months 

The Use of Novel UV 
Curable Materials and 
Ionic Liquids in Fuel Cells 

Ionic Polymer 
Solutions Ltd 

C-Tech Innovation 
Ltd, AF ChemPharm 
Ltd 

Completed 
2 years and 
4 months 

HYPNOMEM - Hydrogen 
Permeable Novel 
Membranes 

Teer Coatings Ltd University of 
Birmingham Ongoing 2 years and 

4 months 

Electrode Design for High 
Temperature Fuel Cells 
for Stationary and 
Industrial Applications 

Johnson Matthey 
Fuel Cells Ltd 

Technical Fibre 
Products Ltd 

Ongoing 2 years and 
4 months 

Innovative Component 
Development for Low-cost 
PEM Stack Manufacture 

Intelligent Energy 
Ltd 

Johnson Matthey 
Fuel Cells Ltd, 
Primasil Silicones 
Ltd 

Ongoing 3 years and 
6 months 

Membrane Electrode 
Assemblies (MEAs) for 
Alkaline Polymer 
Electrolyte Fuel Cells 

Johnson Matthey 
Fuel Cells Ltd 

DSTL, University of 
Reading, University 
of Surrey 

Ongoing 2 years and 
5 months 

Novel Direct Methanol 
Fuel Cell MEA Technology 
for Electronic Applications 

Johnson Matthey 
Fuel Cells Ltd 

Mantis Deposition 
Ltd, University of 
Reading, Technical 
Fibre Products Ltd 

Ongoing  2 years and 
9 months 

Zero Emission London 
Taxi Commercialisation 

Intelligent Energy 
Ltd 

Lotus Cars Ltd, LTI 
Ltd, TRW Conekt 
Ltd  

Ongoing  
3 years and 
5 months 

High Temperature 
Membranes for PEM and 
DM Fuel Cells 

Ionic Polymer 
Solutions Ltd 

Novel Polymer 
Solutions, C-Tech 
Innovation Ltd, 
ProSynth 

Ongoing  2 years and 
3 months 

Development of a Novel 
Low-Cost Alkaline 
Hydrogen Electrolyser 

ITM Power plc 

WH Boddingtons 
Ltd, Teer Coatings 
Ltd, Pera Innovation, 
University of 
Southampton 

Ongoing  
2 years and 
6 months 

Hy StorM - Tuning 
Promising H2 Storage 
Materials Towards 
Automotive Applications 

Johnson Matthey 
plc 

Ilika Technologies 
Ltd, University of 
Oxford, Science and 
Technology Facility 
Council (Rutherford 
Appleton 
Laboratory) 

Ongoing  2 years and 
3 months 
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3.3.4 Project highlights 
 
Zero Emission London Taxi Commercialisation  
 
Project lead: Intelligent Energy Ltd 
 
This major project, which started in November 2007, aims to address the technology challenges 
related to the introduction fuel-cell hybrid taxis, primarily for London. The partners will develop and 
integrate robust, high-efficiency, proton exchange membrane (PEM) fuel-cell hybrid powertrains into 
LTI Ltd’s TX4 taxis (the London black taxi). The arduous duty cycle of the London taxi will be utilised 
to provide a platform for accelerated fuel-cell vehicle lifecycle testing. 
 
Intelligent Energy Ltd is developing the automotive PEM fuel-cell engines. LTI Ltd is supplying rolling 
chassis, body shells and the standard components, together with data on detailed application 
requirements. TRW Conekt is developing the novel braking, steering and control systems and leading 
the safety case evaluations and approvals. Lotus Engineering is undertaking detailed vehicle 
packaging design, integrating the finished prototypes and conducting track testing.  
 
To achieve acceptance and be able to operate in London, the vehicle must have comparable 
performance with the standard vehicle, but also be able to meet all the requirements of the Public 
Carriage Office (eg turning circle, passenger access and carrying capabilities). Also, it was a 
requirement that the external appearance of the instantly recognised London Taxi must not be 
altered. 
 
 
 
 

 
 
 

A typical London Taxi of the type that will incorpo rate a fuel-cell powertrain 
(Image courtesy of LTI Ltd) 
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Key results 
 

· The fuel-cell engine is a twin-stack development of Intelligent Energy’s evaporatively 
cooled system design, providing a net power output of 30 kW.  

· Careful packaging has been necessary to maintain the current forward luggage storage 
compartment and preserve the entire existing passenger space, providing capacity for 
five occupants and wheelchair use. The fuel-cell module and heat exchanger are chassis 
mounted and installed from underneath the vehicle.  

· Packaged into the front of the vehicle is the hydrogen storage tank. At this stage, a 
350 bar system has been chosen, with a tank capacity of 3.7 kg. This pressure rating is 
compatible with the existing UK hydrogen refuelling facilities and the size of tank should 
be sufficient to meet the 150-mile target range. The installation design has protection for 
a 70 MPa (700 bar) tank, which could be used with higher pressure refuelling stations 
and would give the vehicle a greater range. 

· The electric motor and gearbox are housed under the rear floor of the taxi where the live 
rear axle is normally located and are mounted on their own subframe. A live axle has 
joints that are able to flex as opposed to an old-fashioned rigid or ‘dead’ axle. 

· The new powertrain located at the rear of the vehicle has resulted in the development of 
a new rear suspension and brakes for the vehicle. A fully independent trailing arm and 
lateral link system has been designed to fit in the package space available without major 
modifications to the vehicle structure. The vehicles will use the latest TRW Conekt Slip 
Control Boost braking system that balances the regenerative and friction braking to 
maximise the energy recovery during braking. 

 
 

 
High Throughput Synthesis and Screening of Novel Hy drogen Storage Materials  
 
Project lead: Ilika Technologies Ltd 
 
This project is carrying out a combinatorial, or high-throughput, materials research programme to 
rapidly synthesise and characterise large numbers of novel, light, metal-hydride systems for hydrogen 
storage’. The project builds, in part, on the work of the UK Sustainable Hydrogen Energy Consortium 
by using the research results from that consortium as a springboard for an industry-led systematic 
exploration of the most promising metal-hydride systems.  
 
The approach involved using the predictive modelling capabilities at the University of Oxford to steer 
materials synthesis and screening activities at Ilika Technologies Ltd to evaluate many novel metal 
hydrides that had not been reported in the literature. Promising materials were characterised by the 
Rutherford Appleton Laboratory and evaluated for scale-up by Johnson Matthey plc.  
 
 

 
 
 

A view of multiple targets in the Ilika screening c hamber 
(Image courtesy of Ilika Technologies Ltd) 
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Key results 
 

· The modelling study was the first objective to be successfully carried out and created a framework 
for predicting metal alloys, which might form hydrides with appropriate properties. A number of 
specific materials were proposed for experimental work. The second objective was also 
comprehensively achieved, resulting in a high-throughput screening workflow that is internationally 
recognised as being world-class. Benchmark materials with known properties were made to prove 
the system and then a number of the systems resulting from the modelling were synthesised. 

· Scalable synthetic routes were tried to create small samples of some of the more promising 
materials. The gram-scale synthesis activities correlated with the results of the high-throughput 
approaches and demonstrated that further compositions would have to be examined to find a 
commercially relevant material.  

· The results have led to a follow-on project being supported by the Technology Strategy Board. 
This aims to tune temperature and reversibility of the most-promising, high-density materials, 
(>8%H2 wt) for use in fuel-cell automotive applications (note: ‘high density’ refers to materials that 
have a hydrogen storage capacity in excess of 8% by weight). 

 
 
 
Develop a Durable Fuel-Cell Membrane Using Function alised Additives  
 
Project lead: Johnson Matthey Fuel Cells Ltd 
 
This project aimed to achieve significant advancement in fuel-cell membrane durability. A novel, 
spatially engineered, durable-membrane design was developed that significantly exceeded 3,000 
hours lifetime under accelerated automotive conditions with a target performance of 650 mV at 
0.8 A/cm2.  
 
Fuel-cell proton exchange membranes are typically based on perfluorosulphonic 
acid/tetrafluoroethylene copolymers. Under many typical operating conditions of the fuel cell, including 
automotive applications, these membranes are prone to chemical degradation. This is the primary 
factor limiting the lifetime of the fuel cell. The degradation mechanisms contributing to, or causing, 
membrane failure were more clearly elaborated during the project through the use of new analytical 
tools, forensic analysis and methodologies to characterise the membrane during and after operation. 
The understanding was then applied to the selection of membrane materials, designs and 
manufacturing processes to enable development of a new membrane with significantly enhanced 
lifetime under challenging automotive operating conditions. 
 
 

 
 

Prototype coating line  
(Image courtesy of ICI Imagedata) 
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Key results 
 
· A commercially viable membrane, comprising functionalised additives in discrete locations, has 

been successfully developed. This membrane design significantly extends durability under 
automotive conditions – with minimal impact on performance – beyond the 3,000-hour target of 
this project.  

· The performance target of 650 mV at 0.8 A/cm2 was also met, thus showing that the additives 
used did not have a significant detrimental effect.  

· Knowledge transfer between the partners enabled a greater understanding of the mechanisms 
that cause degradation of membranes and how these could be minimised.  

· Several new analytical tools were identified and used to assist in the development of the durable 
membrane. These were applied as forensic tools to understand failure modes and how durability 
could be extended.  

· A process route was developed and successfully implemented to produce proof-of-concept 
membrane at laboratory scale. A coating line was developed and commissioned, enabling 
prototype membranes to be produced at pilot scale.  

 
 

 

3.4 Bioenergy  

3.4.1 Priority R&D areas 
 
Many proven bioenergy technologies are in the deployment stage, but second-generation 
technologies and transport fuels are in the early stages of development. The main challenges that can 
be addressed by R&D are: 
 
· Improving cost-effectiveness and overall efficiencies of biofuels, especially moving from the so-

called first-generation technologies (eg maize) to the second generation where woody material, etc 
is converted. 

· The development of viable, cost-effective fuel supply chains and the subsequent use of energy 
crops in the conversion processes. 

· Ensuring the bioenergy value chains are genuinely sustainable, including a consideration of such 
effects as indirect changes in land use and impacts on biodiversity. 

 
Future project recruitment is likely to be through Low Carbon Vehicles Innovation Platform and 
bioscience key technology areas.  
 
3.4.2 Project overview 
 

 

 
The projects managed during the year cover a wide spectrum of areas relevant to the bioenergy area. 
Interest continues to be strong in the transport biofuels sector with two projects recruited - including 
one investigating the use of marine organisms. 
 
Work continues to develop small-scale CHP solutions for the building sector with two alternatives 
being explored. 
 
The current economic situation is having an impact on four projects that have been seriously delayed 
while restructuring and refinancing take place. 
 
 

Number of projects initiated 2 

Number of projects completed  2 

Total number of projects managed 10 
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3.4.3 Project listings 
 

Project title Lead  Partners Status Estimated 
duration 

Technology support 
for 2nd Generation 
BIGCC plant 

Siemens 
Industrial 
Turbomachinery 
Ltd 

Cambridge 
University Completed 6 years 

10 kWe Biomass 
Indirect-fired CHP 
System 

Talbotts 
Heating Ltd 

Staffordshire 
University 

Ongoing 2 years 

Biomass Fast 
Pyrolysis for CHP 
Production in a 250 
kWe Dual-Fuel 
Diesel Engine 

Biomass 
Engineering Ltd 

Ormrod Diesels Ongoing 3 years 

Development of a 
Wood Gasifier CHP 
Gas Turbine Plant of 
75 kWe Output 

Rural 
Generation Ltd 

Queen’s University 
Belfast 

Completed 4 years 

Rapemeal 
Valorisation: 
Improving the 
Economics of 
Biodiesel 
Manufacture 

University of 
Wales, Bangor 

North East Biofuels 
Cluster, The 
Central Science 
Laboratory, Boots 
plc, Dow 
Haltermann 
Custom 
Processing, Clwyd 
Compounders Ltd, 
Loughborough 
Innospec Ltd, 
Biofuels 
Corporation plc 

Ongoing 2 years 

Butafuel - Advanced 
Biofuels for 
Transportation 

Green Biologics 
Ltd 

C-Tech Innovation 
Ltd, EKB Ltd 

Ongoing 3 years 

Flex-diesel Engines 
with Sustainable 
Biofuels for Clean 
and Efficient On- and 
Off-road Vehicles 

Jaguar Cars Ltd 

University of 
Birmingham, Shell 
Research Ltd, 
Green Fuels Ltd, 
Johnson Matthey 
Fuel Cells Ltd 

Ongoing 3 years 

Integrated Biomass-
fuelled CHP/cooling 
System 
 

Ashwell 
Engineering Ltd 

Environmental 
Process Systems 
Ltd, G D Strawson, 
Gast Group Ltd, 
University of 
Nottingham 

Ongoing 3 years 

 Second Generation of 
 Bio-oils Pilot Plant  
 Using Atmospheric  
 Microwave Reactor  

Longma Clean 
Energy Ltd 

 XpertRule Software  
 Ltd, Feldec Ltd,   
 Liverpool John  
 Moores University,  
 Catering Waste  
 Solutions Ltd 

Ongoing 2 years 

 Biorefinery Carbon  
 Capture and  
 Conversion into  
 Industrial Feedstocks  
 as Direct  
 Replacements for  
 Petrochemicals (CCIF) 

The Boots 
Company plc 

Plymouth Marine 
Laboratory, Carlton 
Power, PML 
Applications Ltd, 
Cognis GmbH 

Ongoing 3 years 
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3.4.4 Project highlights 
 
Technology Support for 2 nd Generation BIGCC Plant   
 
Project lead: Siemens Industrial Turbomachinery Ltd  
 
This R&D project used industrial collaboration and innovative design to showcase the potential of the 
Siemens high efficiency SGT-400 gas turbine to burn the low and medium heating value gas 
produced from biomass. As part of the work, the partners had to: 
 
· Change the turbine combustion and fuel-handling system. 
· Carry out extensive development work on the turbine compressor to accommodate the increased 

fuel flow required to achieve the same overall energy input as natural gas. 
 
Successful use of the SGT-400 gas turbine depends on the design and manufacture of a scaled-up 
fuel nozzle that would be suitable for use with the biomass gas. The partners also created a new 
compressor, capable of delivering the required flow/pressure characteristics, using advanced design 
and manufacturing methods.  
 
Siemens worked with researchers at Cambridge University to design a high-flow, high-performance 
final stage and exhaust system that would allow the turbine to cope with the increased flow rates. 
 
The collaborative work resulted in a design that offers the potential for applications using biomass 
gas. Performance calculations suggest the design is capable of achieving a net electrical efficiency of 
36.25% with such fuels – an increase of over 2% compared with the current production model. Any 
gain in turbine efficiency reduces the amount of fuel used to achieve the same power output and thus 
operating costs. The actual cost benefit will depend on the price of fuel at the time. 
 
 
 

 
 
 

Gas turbine burner for biomass gas 
(Image courtesy of Siemens Industrial Turbomachiner y Ltd) 
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Key results 
 
· The design and manufacture of a scaled-up fuel nozzle that would be suitable for use with 

biomass gas.  
· A new compressor, capable of delivering the required flow/pressure characteristics, using 

advanced design and manufacturing methods. Siemens worked with researchers at 
Cambridge University to design a high-flow, high-performance final stage and exhaust 
system that would allow the turbine to cope with the increased flow rates associated with 
biomass applications. 

· A design that offers the potential for applications using biomass gas. Performance 
calculations suggest the design is capable of achieving a net electrical efficiency of 36.25% 
with such fuels – an increase of over 2% compared with the current production model. 

 
 

 
Butafuel - Advanced Biofuels For Transportation  
 
Project lead: Green Biologics Ltd 
 
This project aims to develop an economic and sustainable fermentation process for bio-butanol. Bio-
butanol is an attractive ‘next-generation’ liquid biofuel for transportation that fits into the existing fuel 
infrastructure and outperforms first-generation biofuels based on bioethanol and biodiesel.  
 
This project focuses on improved butanol yield and titre using specific genetic and physiological 
manipulation of the micro-organism and improved butanol productivity in a novel fermentation system 
based on an electrokinetic membrane reactor.  
 
The final deliverable is a laboratory-scale demonstration of the advanced fermentation process. The 
integration of improved microbes with advanced process configuration offers a step change in 
fermentation efficiency and process economics, and should result in recommercialisation of the 
fermentation. The consortium comprises a multi-disciplinary team of scientists and biochemical 
engineers from Green Biologics Ltd (project leader) and C-Tech Innovation Ltd, two UK-based 
industrial biotechnology companies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Genetically modified clostridia colonies growing on  an agar plate 
(Image courtesy of Green Biologics Ltd) 
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Key results 
 
· Green Biologics Ltd successfully developed a molecular biology toolkit for clostridia and 

used it to produce a genetically modified strain that produced less acid and had shorter 
fermentation times.  

· Demonstrated removal of 75% of the organic acids produced in a fermentation using an 
electrodialysis unit developed by C-Tech Innovation Ltd.  

· Preliminary indications that acid removal improved cell growth in the wild type strain.  
· Two patent applications detailing strain and process improvements. 
 

 
 
Integrated Biomass-Fuelled CHP/Cooling System  
 
Project lead: Ashwell Engineering Ltd  
 
This project aims to develop a first-of-its-kind, integrated, biomass-fuelled, micro-scale, CHP/cooling 
system. The main system components comprise a biomass boiler, an Organic Rankine micro-turbine 
and a flue-gas, heat-driven desiccant cooling unit. 
 
Biomass heating is becoming increasingly popular in commercial buildings as a means of meeting the 
carbon-reduction targets set by Government and planners. Modern buildings require increasing 
amounts of cooling and electricity, but there is no renewable energy alternative for this market. If 
successful, the technology developed by this project will offer a renewables solution for all energy 
needs to the building services sector. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

Biomass boiler under test 
(Image courtesy of Ashwell Engineering Ltd) 

 
Specific objectives: 
 
· To design and test the main components in the laboratory. 
· To model and optimise the performance of the integrated system via computer modelling and field 

testing of the system at the University of Nottingham. 
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Key results 
 
· Designs finalised and main components purchased and tested. 
· Emissions performance acceptable. 
· Power cycle currently under test. 
· Desiccant air cooler designed and delivered. 
 
 

3.5 Microgeneration and Photovoltaics  

3.5.1 Priority R&D areas 
 
The following R&D areas were identified for priority support in 2008/09: 
 
· Research that could lead to large reductions in the cost/watt of crystalline-silicon photovoltaic (PV) 

modules, such as new techniques for growing or processing crystalline silicon. 
· Research leading to the development of higher efficiency solar cells, particularly those able to 

function effectively at lower light levels. 
· Process development for thin and/or large-area wafer that could lead to a lower cost/kW. 
· Research into new types of PV cell that will lead to lower cost/kW and/or improved stability. 
· Low-cost, high-performance transparent conducting oxide (TCO) materials for thin-film cell 

designs: 
- Sensitised-oxide-based and other nanostructure solar cells and modules. 
- Organically sensitised cells and modules. 
- Novel conversion concepts for super-high-efficiency and full-spectrum utilisation. 

· Novel, ultra-low-cost approaches. 
 
The Technology Strategy Board also has the wider ambition of tackling the barriers to the 
development of a whole-system approach to integrating microgeneration (such as heat and electrical 
sources) in buildings. This means that other technologies, such as microwind and solar thermal, are 
also included within this broad scope. 
 
3.5.2 Project overview 
 

Number of projects initiated 4 

Number of projects completed  5 

Total number of projects managed 14 

 
All projects initiated are related to PV. No projects for microwind or the integration of microgeneration 
in buildings have been approved. It was felt that the projects did not sufficiently address the problems 
of reliability and energy capture to which small wind turbines are prone. Current Government-funded 
projects to research the performance of these products should provide a better steer to industry as to 
those aspects of design requiring further attention and, hence, assist in defining future areas of work.  
 
Given the diverse nature of the scope of work, it is not possible to point to any major breakthroughs in 
the cost/kW of PV, but many projects have yielded modest advances in line with expectations. 
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3.5.3 Project listings 
 

Project title Lead  Partners Status Estimated 
duration 

High Added-Value 
Modules for BIPV - 
HAVEMOR 

NaREC 
Development 
Services Ltd 

Romax Ltd, 
Crystalox Ltd 

Completed 2 years 

Polymer 
Photovoltaics 

Merck Chemicals 
Ltd 

Imperial College 
London, DuPont 
Teijin Films UK 
Ltd, BP Solar Ltd 

Completed 3 years 

The Development of 
Advanced Low-cost 
InP-based 
Photovoltaic Devices 

Centre for 
Integrated 
Photonics 

Oxford University, 
The Centre for 
Integrated 
Photonics, Wafer 
Technology Ltd 

Completed 3 years 

Sputtered Semi-
conducting Silicon for 
Large Area Flexible 
Solar Cells 

Plasma Quest Ltd 
Romag Ltd, 
University of 
Southampton 

Ongoing 3 years 

Feasibility Study PV 
Coatings on Steel, 
Based on Dye-
sensitised Titania 

Corus UK Ltd Beckers Coatings 
Ltd 

Completed 1 year 

Solar Concentrate: 
Affordable Building-
integrated 
Photovoltaic Solar 
Concentrator 
Systems 

Optical Products 
Ltd 

Optical Antenna 
Solutions, Polyplas 
Extrusions Ltd, 
Persimmon 
Homes, Pera 
Innovation Ltd, 
Solar Empower 

Completed 2 years 

Novel Inline 
Deposition System 
for High-performance 
CIGS Solar Cells 

Scientific Vacuum 
Systems Ltd 

CREST, University 
of Loughborough Ongoing 3 years 

Hot Ridge: Low-cost, 
Roof-mounted, Solar-
thermal Panels for 
Domestic Water 
Heating 

RBR Associates 
Ltd 

Pera Innovation 
Ltd, National 
Energy 
Foundation, VICIM 
Ltd, Murfitts 
Industries Ltd, 
Persimmon 
Homes Ltd 

Ongoing 2 years 

High Efficiency 
Silicon Solar Cells 
with PECVD 
Dielectric Rear 
Surface Passivation 
HIGHPOINT 

NaREC 
Development 
Services Ltd 

Heriot-Watt 
University, Ongoing 3 years 

Epitaxial Silicon Solar 
Cells by New 
Generation 
Deposition 
Equipment – 
EPISODE 

Echerkon 
Technologies Ltd  

CREST at 
Loughborough 
University, 
Southampton 
University, 
(Echerkon 
Technologies Ltd, 
originally a partner 
now working as 
the lead partner) 

Ongoing 2 years 
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Project title Lead  Partners Status Estimated 
duration 

Lower-cost 
Concentrating 
Photovoltaic Systems 
Using III-V cells (‘III-V 
CPV’) 

Whitfield Solar Ltd 

Loughborough 
University, 
QuantaSol Ltd, 
The Kelvin 
Institute Limited, 
Glasgow 
University, NaREC 
Development 
Services Ltd 

Ongoing 2 years 

CONVERT - 
Enhancing 
Photovoltaics 

Intrinsiq Materials 
Ltd Brunel University Ongoing 2 years 

Low Bandgap 
Thermophotovoltaic 
Cells for Clean 
Energy Generation 
and Efficient Waste 
Heat Energy 
Conversion 

Wafer Technology 
Ltd 

Lancaster 
University, QinetiQ 
Ltd, Pilkington 
Technology 
Management, 
RWE Npower, 
Advantica 

Ongoing 3 years 

Development of low-
cost, high efficiency 
and long-life 
photovoltaic cells 

Teer Coatings Ltd 
Bolton University, 
Advantage West 
Midlands 

Ongoing 
3 years 

 

 
3.5.4 Project highlights 
 
Polymer Photovoltaics  
 
Project lead: Merck Chemicals Ltd  
 
The aim of this project was to enhance the performance of organic photovoltaics (OPV) to improve 
the prospect of low-cost, flexible and efficient solar cells. To address this issue, the project involved 
an investigation into the design, construction and characterisation of organic solar cells. 
 
A series of polythiophene-based Merck polymers were synthesised and characterised in terms of their 
charge photogeneration and nanomorphology properties. The results of this characterisation were 
used in the evaluation and optimisation of the performance OPV devices.  
 

 
 

Device fabricated for testing and characterisation  
(Image courtesy of Merck Chemicals Ltd) 
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Key results 
 
· Substantial advances have been made in establishing the scientific design rules for 

semiconducting polymers for OPVs, leading to iterative optimisation of Merck polymer synthesis, 
substrate design and device performance.  

· Establishment of a defined roadmap for technological implementation of OPV. 
 
 
 
Hot Ridge: Low-cost, Roof-mounted, Solar-thermal Pa nels for Domestic Water Heating  
 
Project lead: RBR Associates Ltd 
 
This project aims to develop an innovative, ridge-mounted solar-thermal collector panel to be 
produced using state-of-the-art polymer manufacturing processes that will enable the panels to be 
made at a significantly lower cost compared with other available systems.  
 
 
 

 
 
 

Image demonstrating a ridge-mounted solar-thermal c ollector panel  
(Image courtesy of RBR Associates Ltd) 

 
 
 
Key results 
 
· Prototype moulding trials have now been carried out. 
· Trials carried out on the prototype indicate that the solar-thermal panel design can be injection 

moulded.  
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The Development of Advanced, Low-cost InP-based Pho tovoltaic Devices  
 
Project lead: Centre for Integrated Photonics 
 
Thermophotovoltaic (TPV) devices are photovoltaic (PV) cells that produce electricity from heat 
sources such as industrial combustion processes, with potentially 100-10,000 times the output of a 
silicon solar cell. TPV cells currently available use gallium antimonide (GaSb), an expensive material. 
This project aims to develop three-terminal devices based on indium gallium arsenic (InGaAs)/InP 
responding to the 1-1.7 micron infrared region currently covered by GaSb and the shorter 0.5-1 
micron region. These will exploit the advantages of cheaper InP substrates and higher efficiency from 
broader spectral coverage. In the longer term, the project will assess the potential for InP devices 
grown on silicon substrates to address the solar concentrator market. 
 
 
Key results 
 
· The project has fabricated initial samples of a commercially available TPV cell on optimised 76 mm 

(3-inch) substrates. The cell shows significantly higher overall efficiency than existing commercial 
GaSb TPV cells measured in identical conditions. 

· The project has developed a suite of TPV cell designs for different applications, and has fabricated 
and characterised devices with significant lattice mismatch to access wavelengths beyond those 
accessible to unstrained InGaAs. 

 
 
 

3.6 Wave Energy and Tidal Stream  

3.6.1 Priority R&D areas 
 
The following R&D areas were identified for priority support in 2008/09: 
 
· The development and evaluation of generic technologies, such as installation techniques, 

operation and maintenance techniques, and mooring or fixing techniques that are likely to 
contribute to cost reductions or performance enhancements of marine energy facilities. 

· The reduction of cost and enhancement of the power capture of existing device concepts. This can 
be by the use of new materials, control systems or power-take-off mechanisms. ’Existing device 
concepts’ means those that have already had a full-scale, or near full-scale, prototype deployment 
at sea where the costs and performance are already established. 

· R&D projects to conduct full-scale, or near full-scale, prototype deployment at sea of device 
concepts that have completed a programme of tank testing and detailed techno-economic 
modelling. 

· R&D projects to conduct detailed laboratory-scale tank testing and detailed techno-economic 
modelling on device concepts that have had an initial desk-based evaluation study and that are 
sufficiently promising to indicate that the device concept may have long-term commercial 
prospects. 

 
3.6.2 Project overview 
 

Number of projects initiated 10 

Number of projects completed  9 

Total number of projects managed 19 

 
The 19 projects were managed during the year including nine that closed. Most of the R&D focused 
on the development of different tidal-stream concepts. Most of these are at an early developmental 
stage, although at least one commercial prototype has been installed and tested. Two other prototype 
devices are scheduled for deployment during 2009. In each case, the performance of the device will 
be monitored to determine energy conversion efficiency.  
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One of the significant challenges facing device developers is the cost and complexity of instalment. 
Work is also continuing on the development of energy models that can be used to improve the 
predictability of energy capture from tidal streams. 
 
The programme has supported three different wave-energy devices. One of these has been under 
test in the open sea. There has also been further support to evaluate the potential for cost reduction 
by optimising the design and the use of different materials. Another near-shore device is scheduled 
for deployment during 2009. This device will use wave power to pump pressurised water to a 
conventional, shore-based, hydropower turbine. The third device is a floating oscillating water column 
that uses a novel pneumatic turbine.  
 
The key objective of wave energy and tidal stream R&D is to demonstrate the energy conversion 
efficiency and reliability of different devices. 
 
3.6.3 Project listings 
 

Project title Lead  Partners Status Estimated 
duration 

Tidal Stream 
Technology 
Development 
 

Lunar Energy Ltd 

Cornelius Parish 
Ltd, Rotech 
Engineering Ltd, 
Webster Young 
Ltd, University of 
Southampton 

Completed 
4 years and 9 
months 

RTT Tidal Stream 
Technology 
Development 
 

Lunar Energy Ltd 

Cornelius Parish 
Ltd, Rotech 
Engineering Ltd, 
Webster Young 
Ltd, University of 
Southampton 

Ongoing 2 years and 9 
months 

SeaGen Project- 
Construction and 
Operation 
 

Sea Generation 
Ltd 
 

Marine Current 
Turbines Ltd 

Ongoing 3 years 

Novel Moored 
Tidal Stream 
Generating 
Equipment 
 

Soil Machine 
Dynamics Ltd 
 

Tompkins UK Ltd  
 

Ongoing 
2 years and 9 
months 

Project Neptune 
Phase 2 - 
Experimental 
Development 
 

SSE Generation 
Ltd 
 

Aquamarine Power 
Ltd  

Completed 
 

1 year and 9 
months 

Development, Test 
and 
Demonstration of 
High-Efficiency, 
Shallow-Flow Tidal 
Device 
 

IT Power Ltd 
 

Pulse Generation 
Ltd, Senergy 
Econnect Ltd, BMT 
Renewables Ltd,  
 

Ongoing 2 years 

Performance 
Characteristics 
and Optimisation 
of Marine Current 
Energy Converter 
Arrays 
 

Garrad Hassan 
and Partners Ltd 
 

University of 
Southampton 
 

Completed 3 years 

Evaluation of the 
Cormarent Tidal-
Stream Energy 
Device to Include 
Concept Validation 

Cormarent Ltd 
 

BMT Cordah Ltd, 
Gurit (UK) Ltd, 
University of 
Plymouth 
 

Completed 
1 year and 7 
months 
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Project title Lead  Partners Status Estimated 
duration 

Emerging Energy 
Technologies: 
Hydraulic 
Powertrains for 
Tidal Turbines 
 

Marine Current 
Turbines Ltd 
 

BHR Group Ltd 
 

Completed 11 months 

DEEP-Gen II - 
Completion of 
Techno-economic 
Validation 
 

Tidal Generation 
Ltd 
 

SLP Engineering, 
Ritchies, Garrad 
Hassan and 
Partners Ltd, Rolls 
Royce plc 
 

Completed 10 months 

DEEP-Gen III - 
Prototype Tidal 
Turbine 
 

Tidal Generation 
Ltd 
 

SLP Engineering 
Ltd, Garrad Hassan 
and Partners Ltd, 
Ritchies, Rolls-
Royce plc 
 

Ongoing 2 years and 6 
months 

Tidal Stream 
Technology 
Project - Stage 1 
Only 
 

Swanturbines Ltd 
 

NaREC 
Development 
Services Ltd 
 

Completed 1 year and 6 
months 

Deep-Water Tidal-
Stream 
Development 
Project 
 

Rolls-Royce plc 
 

Haywood Tyler Ltd, 
Garrad Hassan and 
Partners Ltd, White 
Ramboll Whitbybird 
Ltd, Corus UK Ltd 
 

Completed 1 year and 4 
months 

Physical 
Assessment of 
Performance Test 
Protocol and 
Completion of 
SeaGen 
Installation 
 

Sea Generation 
Ltd 
 

Queen’s University 
Belfast 
 

Ongoing 9 months 

Initial Research 
Phase of 
Momentum 
Reversal Lift 
Turbine for Tidal 
Stream Energy 
 

IT Power Ltd 
 

Aquascientific Ltd 
(now lead partner), 
University of Exeter 
 

Ongoing 1 year 

Oyster® Wave-
surge Converter 
 

Aquamarine Power 
Ltd 
 

Queen’s University 
Belfast 
 

Ongoing 2 years and 6 
months 

Pelamis Full-scale 
Demonstration 
 

Pelamis Wave 
Power Ltd 

None (legacy 
project) 

Ongoing 6 years 

Pelamis WEC 
Cost Reduction 
and Performance 
Enhancement 
Programme 
 

Pelamis Wave 
Power Ltd 

None (legacy 
project) Ongoing 3 years 

Full-scale 
Demonstration of 
the MRC Wave 
Energy Device 
and Electrical 
Generation 
Module  

Peter Brotherhood 
Ltd 

Cranfield 
University, 
Converteam, 
ORECon Ltd 
 

Completed 11 months 
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3.6.4 Project highlights 
 
Development, Test and Demonstration of High-efficie ncy, Shallow-flow Tidal Device  
 
Project lead: IT Power Ltd 
 
This project will develop an innovative cross-flow turbine as a tidal-stream generator. Experimental 
and numerical analysis demonstrates a power coefficient of twin, phased, synchronous oscillating 
hydrofoils of more than 40%. The economic viability of tidal-stream devices can be greatly improved if 
shallow water that is close to a point-of-grid connection can be exploited. The system discussed here 
can exploit a limited cross-section of flow and, consequently, has particular advantages in shallow 
water streams.  
 
This shallow water capability makes sheltered near-shore tidal flows exploitable, allowing the first 
generation of machines to avoid the increased costs associated with the offshore environment. This 
project will research, develop and demonstrate the design of, evaluate the components for and finally 
deploy a grid-connected, 1/5 scale, 100 kW machine in the Humber. The final results will inform the 
design and economic cost of a full-scale tidal generator. 
 
 
 

 
 
 

Pulse Generator test device in the Humber Estuary  
(Image courtesy of IT Power Ltd and Pulse Generatio n Ltd) 

 
 
 
Key results 
 
· Preliminary design and costings were completed and reviewed. The power-take-off design has 

been reviewed and items of high cost have been identified. 
· The detailed design, including the fundamental elements of foil loading and design, has also been 

completed. 
· The device has now been installed and initial testing has commenced. 
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Deep-water Tidal-stream Development Project  
 
Project lead: Rolls-Royce plc 
 
The TidalStream concept addresses the key barrier to the commercial generation of free-stream tidal 
energy - the difficulty of economically deploying, operating and maintaining a device in deep water 
where the vast majority of the resource lies. Through a series of small-scale experiments and targeted 
studies, the proponents of the concept have demonstrated sufficient confidence in the technology 
behind the project to attract the interest of companies that are capable of developing it as a 
commercial business. However, the technology remains high risk, particularly as the potential 
technical performance and economics of an optimised system (unit, installation and operating costs) 
have yet to be studied in the detail required for a commercial business case to be made.  
 
This project is designed to take the TidalStream concept and the technologies that are key to its 
success to the point at which there is sufficient confidence to launch a MW-scale development and 
demonstration activity. Key in the technical strategy is the focus on computer simulation, design 
optimisation and model testing to de-risk the technology before going to the stage of full-scale 
prototypes and sea trials 
 
 

 
 
 

Deep-water tidal stream  
(Image courtesy of TidalStream Partnership) 

 
 
 
Key results 
 
· The test device was evaluated under simulated operational and maintenance positions by 

inducing yaw and pitch motions using waves with ten-year wave events. The results found 
that the prototype demonstrated good sea-keeping characteristics under varied conditions.  

· The consortium, led by Rolls-Royce plc, has concluded that the concept is potentially cost-
effective. However, further investigation into its feasibility, operation and maintenance 
requirements are necessary. 
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Evaluation of the Cormarent Tidal-stream Energy Dev ice to Include Concept Validation  
 
Project lead: Cormarent Ltd 
 
The overall aim of this project is to establish fundamental performance data for this novel counter-
rotating and radical cross-flow tidal-stream turbine concept and to address its technical and economic 
viability. Physical testing and analytical modelling studies have now been completed, and 
demonstrated the performance of the concept. A simple mathematical model and a limited 2D 
computational fluid dynamic (CFD) have been used to validate the experimental data. An initial 
economic analysis has also been completed.  
 
 
 

 
 
 

Concept validation experiment being conducted at If remer marine test facility in France. 
(Image courtesy of Cormarent Ltd) 

 
 
 
Key results 
 
· Tests have demonstrated the design features of the counter-rotating vertical axis rotor 

blades on turbine performance, including straight and helical blades. The CFD modelling 
has validated the experimental work. 

· The preliminary interpretation from these results has concluded that the device’s 
performance could be further enhanced to give a coefficient of performance of more than 
0.35. 

· The developers claim that, once optimised, the device could generate electricity for 
£75.54/MWh (ie 7.5 p/kWh) and maybe as low as £50.00/MWh on the best sites. 

 
 

 
Oyster ® Wave-surge Converter  
 
Project lead: Aquamarine Power Ltd 
 
The Oyster® wave-energy device captures wave energy and converts it into electrical power. The 
Oyster system consists of an oscillating flap and the power capture unit (PCU), which is secured to 
the seabed by rock anchors. The PCU oscillator extracts the energy from the passing waves and 
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transmits it as hydraulic power to a power-take-off (PTO) system. The PTO converts the hydraulic 
power to electrical power, which is then delivered to the grid.  
 
Initial evaluation has shown that the original oil-hydraulic PTO design would have a high 
environmental impact risk. It would also be too expensive to build and its sub-sea location would 
make access for maintenance prohibitively expensive. Therefore, it was decided to identify, test, verify 
and deliver the final fabrication designs for a new hydroelectric onshore PTO system. This solution is 
based on high-pressure seawater driving a Pelton wheel, which in turn drives a generator. The 
hydroelectric PTO has been designed, assembled and tested by NaREC Development Services Ltd. 
 
 
 
 

 
 
 

Test rig for Oyster at NaREC 
(Image courtesy of Aquamarine Power Ltd) 

 
 

 
 
 
 
 
 
 
 
 

 

 
Key results 
 
· The full-scale prototype has been manufactured by Isleburn, Mackay and Mcleod Ltd. 

Installation and commissioning of the PCU at the European Marine Energy Centre (EMEC) 
in Orkney is now scheduled for the summer of 2009.  
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3.7 Offshore Wind 

3.7.1 Priority R&D areas 
 
There were no R&D areas relating to offshore wind identified for priority Technology Strategy Board 
support in 2008/09.  
 
3.7.2 Project overview 
 

Number of projects initiated 3 

Number of projects completed  0 

Total number of projects managed 8 

 
The 8 projects managed during the year covered the key areas of focus for R&D, including 
approaches to cost reduction for support structures, mitigating the impact of turbines on radar and 
cost reduction of key offshore turbine components. 
 
3.7.3 Project listings 
 

Project title Lead  Partners Status Estimated 
duration  

Deepwater Offshore Wind-
farm Demonstrator Project 

Talisman Energy 
UK Ltd 

SSE Generation 
Ltd 

Ongoing 4 years and 7 
months 

Stealthy Wind Turbines – 
Addressing the Radar Issue1 QinetiQ Ltd 

Vestas 
Technology UK 
Ltd 

Ongoing 3 years and 9 
months 

Innovative, High-power, 
Direct-drive, Superconducting 
Generator for Offshore Wind 

Converteam Ltd 

University of 
Warwick, A S 
Scientific 
Products Ltd, 
Advantage West 
Midlands 

Ongoing 4 years and 11 
months 

A Low-cost, Safety-critical, 
Radar-absorbing Material for 
Wind-turbine Nacelles and 
Towers 

Hitek Electronic 
Materials Ltd 

AlphaGary Ltd, 
Belgrade 
Insulations Ltd, 
Corus Group plc, 
Vestas 
Technology UK 
Ltd, Port of 
London Authority, 
Atomising 
Systems Ltd, 
Polymer 
Machinery 
Manufacturers 
and Distributors 
Association Ltd, 
Linwave 
Technology Ltd, 
Pera Innovation 
Ltd. 

Ongoing 2 years and 5 
months 



Low Carbon Energy Technologies 
Portfolio 2008/09 

 40 

 

Project title Lead  Partners Status Estimated 
duration  

Affordable Innovative Rapid 
Production of Offshore Wind 
Energy Rotor Blades 

Insenys Ltd 

BAE Systems 
Ltd, Gamesa 
Fiberblade, 
NaREC 
Development 
Services Ltd, GE 
Aviation Systems 
Aerostructures 
Hamble Ltd, 
Solent Composite 
Systems Ltd, 
Plastech 
Thermoset 
Tectonics Ltd, 
Hexcel 
Composites Ltd, 
University of 
Nottingham, 
British Council for 
Sustainable 
Development, 
WindForce GmbH 

Ongoing 
3 years and 8 
months 

Development of an Innovative 
Radar-absorbing Composite 
Structure for Wind-turbine 
Blades 

Hitek Electronic 
Materials Ltd 

J&D Wilkie Ltd, 
Oxley Threads 
Ltd, Solent 
Composite 
Systems Ltd, 
Banks Group Ltd, 
Pera Innovation 
Ltd 

Ongoing 
1 year and 10 
months 

Cost-effective Manufacture of 
Offshore Wind-turbine 
Foundations – ManOS 

TWI Ltd 

Nippon Steel 
Corporation, 
Aquasium 
Technology Ltd, 
CAMCAL 
(Altissimo Ltd) 

Ongoing 2 years 

In-situ Wireless Monitoring of 
Offshore Wind Towers and 
Blades 

TWI Ltd 

Novalia Ltd, BCF 
Designs Ltd, 
Zettlex Printed 
Technologies Ltd, 
Fugro 
Geoconsulting 
Ltd, Physical 
Acoustics Ltd, 
Ericsson Ltd, 
RWE npower plc, 
Solent Composite 
Systems Ltd, 
SPREE NDT Ltd, 
IDEAS Ltd, TUV 
NEL Ltd, 
University of 
Warwick 

Ongoing 3 years 

 
3.7.4 Project highlights 
 
Stealthy Wind Turbines – Addressing the Radar Issue  
 
Project lead: QinetiQ Ltd 
 
According to the British Wind Energy Association (BWEA) objections are raised to proposed new wind 
farms near airports in 40% of all planning applications. Previous Government-funded research clearly 
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showed that the whole turbine causes a problem for air traffic control (ATC) radars. It is thus 
necessary to control all radar cross-section (RCS) contributions and stealth materials offer a viable 
method to achieve this. RCS modelling of turbines treated with radar absorbent material (RAM) is 
encouraging, but all stakeholders (objectors or developers) require evidence that the predicted 
benefits of RCS control are achievable before accepting the technology.  
 
The aim of the project is to demonstrate turbine RCS control, using RAM solutions that are integrated 
within the composite blades and nacelles, and as claddings for towers. The blades of a turbine 
present the most difficult technical challenge and a composite RAM blade will be produced and tested 
on an existing wind turbine. The significantly less challenging issues of the nacelle and tower will be 
demonstrated on a radar range or at smaller scale and will demonstrate a composite and a coating 
solution, respectively. The data will be combined and put into the QinetiQ assessment tools for wind-
farm radar impact assessment on ATC radar operations. Following [and outside] this project, it is 
planned that a full-scale, low-RCS wind turbine (blades, nacelle, tower) will be designed, produced, 
installed and evaluated. 
 
 
 

 
 
 

Close-up of turbine showing finite element mesh det ail  
(Image courtesy of QinetiQ Ltd) 
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Key results 
 
· QinetiQ Ltd has completed stealth turbine radar impact assessment (RIA) modelling to 

determine the likely benefits of a stealth turbine in terms of reduction of false plots and 
creation of false tracks. The results show that treatments for the tower and the blades are 
desirable and that these result in an order of magnitude reduction in false plots when 
compared with a standard turbine when in the worst-case configuration. This implies that 
the overall false plot rate, when all turbine orientations are considered, may be even lower. 
The studies have shown that the use of stealth is predicted to have a major impact on 
turbine detection, confirming that there is clear merit in proceeding to a full-scale turbine 
demonstration. 

· The second part of this project is now being progressed and QinetiQ Ltd is investigating 
several potential developers and sites where full-scale trials can be undertaken. 

· This project demonstrates that the application of stealth is feasible as a mitigating solution. 
However, the challenge will be to mature this technology so that stealth solutions can be 
readily integrated into the manufacturing process and at a cost that is acceptable to 
developers. 

· QinetiQ Ltd will be presenting its work at the BWEA 31 Conference in October 2009 at 
Liverpool and has previously presented at the following venues: 
- BWEA28 Conference Presentation - SECC, Glasgow, October 2006. 
- BERR Radar Sub Group - BERR, London, March 2007. 
- Eurocontrol Wind Turbine Task Force Meeting, Brussels, April 2007. 
- 53rd IEA R&D Wind Topical Expert Meeting, Oxford, March 2007. 
- NATO Air Defence Technical Seminar, MoD London, June 2007. 
- Briefed the US National Wind Coordination Committee. 

 
 
In-situ Wireless Monitoring of Offshore Wind Towers  and Blades (INSIGHT)  
 
Project lead: TWI Ltd 
 
The INSIGHT project aims to develop novel measurement technology that will continuously monitor 
the structural integrity of wind turbine towers and blades. Non-intrusive measurement and monitoring 
techniques will be developed to provide a complete analysis of the wind turbines’ structural health. 
The use of wireless communications will be investigated to control the monitoring system and transmit 
the measurement data to an onshore base. 
 
Project aims: 

 
· Develop monitoring techniques for wind turbine blades, using non-contact inductive displacement 

sensors. 
· Develop a permanently mounted system that will use a combination of long-range ultrasonic and 

acoustic emission techniques to continuously monitor the structural health of wind turbine towers. 
· Develop advanced signal processing methods for data analysis. 
· Develop a communications system to transmit the measurement data onshore and control the 

monitoring system remotely. 
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Key results 
 
· TWI Ltd has been undertaking long-range ultrasonic and acoustic emission systems testing and 

modelling to analyse the optimum system configuration to be used for defect detection in the 
structure of an onshore and offshore wind turbine. These tests are continuing and are being 
refined before the system is tested on TUV NEL’s onshore test wind turbine on Myre’s Hill, Central 
Scotland. 

· TWI Ltd is also making inroads into a sensor device that would be used within a blade-
conditioning-monitoring system. Concept prototypes have been fabricated and are currently being 
refined by modelling before final system testing. 

· Different solutions for system communication are under investigation and this includes the 
communication between the sensors and the control unit, and between the unit and an onshore 
base. 

· TWI Ltd is developing software for data analysis that will include the advanced signal-processing 
techniques. 

 
 

 
 

 
 
 

The INSIGHT preliminary trials on the TUV Nel wind turbine (November 2008 at Myers hill, 
Glasgow).  

The photo shows member of the project consortium me asuring the guided wave attenuation 
on the basement of the wind turbine tower 

(Image courtesy of TWI Ltd) 
 
 
 

4 Contact Details 

For further information about the Technology Strategy Board see www.innovateuk.org Summaries of 
some projects in other areas can be viewed at www.technologyprogramme.org.uk using the ‘Current 
Projects’ link. 
 


