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Executive summary
Background and approach
This report considers how innovation systems in the UK work for a range of new and
renewable energy technologies. It uses a broad definition of 'innovation' - to include
all the stages and activities required to exploit new ideas, develop new and improved
products, and deliver them to end users. The study assesses the diversity of influences
that affect innovation, and the extent to which they support or inhibit the development
and commercialisation of innovative new technologies in the UK.
The innovation process for six new and renewable energy sectors is analysed:
• Wind (onshore and offshore)
• Marine (wave and tidal stream)
• Solar PV
• Biomass
• Hydrogen from renewables
• District and micro-CHP
In order to understand innovation better, the report takes a systems approach, and a
generic model of the innovation system is developed and used to explore each case.
The systems approach has its origins in the international literature on innovation. The
organising principles are twofold:
• The stages of innovation. Innovation proceeds through a series of stages, from
basic R&D to commercialisation – but these are interlinked, and there is no
necessity for all innovations to go through each and every stage. The stages are
defined as follows: Basic and applied R&D includes both ‘blue skies’ science and
engineering/application focused research respectively; Demonstration from
prototypes to the point where full scale working devices are installed in small
numbers; Pre-commercial captures the move from the first few multiples of units
to much larger scale installation for the first time; Supported commercial is the
stage where technologies are rolled out in large numbers, given generic support
measures; Commercial technologies can compete unsupported within the broad
regulatory framework.
• Feedback and iteration. Innovation is delivered by a network of actors –
companies, research groups, policymakers and others. Funds, knowledge and
information flow between these, such that development proceeds iteratively, with
feed back of information and ideas both within and between stages.
For each technology sector, the study identifies the main actors and analyses their
interactions within the innovation system. It ‘maps’ the flows of funding, influence
and knowledge between actors, and identifies drivers of, and barriers to, innovation.
Finally, cross-cutting issues and common themes and implications across technology
areas are characterised. The report combines information gained from interviews with
a sample of key actors in each sector with specialist knowledge from the research
team on each technology sector and innovation theory.
The rest of this Executive Summary sets out the key issues for the innovation system
for each of the renewable energy technologies considered here in turn, as well as
general findings and common themes. It starts with the general and common aspects.
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General findings and common themes
Policies to support environmental innovation are well-grounded in economic theory.
The damage costs of conventional energy sources, particularly those arising from
greenhouse gases, are not fully priced, partly because estimates of the costs are highly
uncertain. Moreover, most new and renewable energy options, considered key to
addressing climate change, are in an early phase of development. Whilst they have
good prospects for cost reductions, they are currently more costly than the welldeveloped fossil fuel alternatives. Policies in support of innovation help in three
ways: they create options to tackle environmental problems (options value); they
reduce the long-term cost of mitigation and increase environmental returns (by
reducing mitigation costs); and the innovations they induce may bring economic
benefits in their own right (sometimes called positive externalities).
Effective policy should also have an understanding of innovation as a system, and
recognise that the technologies considered are diverse and face different challenges. It
is thus important that policy is ‘joined up’ and supports innovation through its various
stages, targeted if necessary to address specific barriers in the innovation cycle. There
are several areas of concern here, summarised in the following key themes.
Systems failures exist in moving technologies along the innovation chain
Technologies make progress as a result of the interaction of a complex network of
actors. On occasion these systems can fail, and innovative products can get ‘stuck’. At
present, for some options, system failures or gaps appear to exist at two points:
a. Moving from demonstration to pre-commercialisation: There are obstacles to
companies seeking to move from the first one or two demonstration projects to more
substantial (though still small scale) levels of deployment. The incentives offered by
generic measures, such as the Renewables Obligation, cannot attract investment into
technologies that are in their early stages of development, and so are high risk, high
cost and confined to small niches. It also appears that the actors involved – mostly
small spin-outs – may lack commercial expertise.
• Policy incentives to create early niche markets may help. Successful examples
include support for wave energy in Scottish Renewables Order 3, and similar
schemes recently set up in other countries. Dedicated capital grants could also
fulfil such a role. Costs per unit may be high, but the total numbers installed and
total costs, are small.
• Encouragement is needed for the involvement of larger players with the finance
and skills base to fund and support larger scale installations.
• Technologies which fail to make it over this gap in a reasonable time period
should no longer attract R&D support.
b. Moving from pre-commercialisation to supported commercialisation: Several types
of risk are hindering the large-scale deployment of pre-commercial technologies (such
as offshore wind and biomass). Policies address these in part, but the rewards may be
not yet strong enough to overcome the risks.
• The potential for policy incentives to improve risk/reward ratios should be
investigated. This may mean additional funds, e.g. larger capital grants. However,
there is scope for regulation to provide for much larger potential long term
rewards, in order that the private sector is prepared to bear a more early stage risk.
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Changes to institutional structures are needed for some sectors, e.g. biomass and
CHP.
The Renewables Obligation provides long term support, but the perceived
longevity of other support measures is less clear – an issue explored below.
In spite of this long term framework, much other energy market regulation is
currently focused on reducing short-term costs. It is not yet clear whether the
current policy mix will enable industry to generate the investment required for
major new infrastructure development that some renewable technologies, such as
offshore wind, will need. This investment will be required not only in generation
plant and transmission systems, but also in associated sectors such as the offshore
construction and shipping industries.

Expectations, shared visions and durability of policies
Expectations as to the continuity or durability of a policy are exceedingly important;
rewards from the full range of instruments must be seen to be stable over a
sufficiently long timeframe in order to attract sustained investment. Innovation
succeeds through the ‘perseverance’ of innovators, and perseverance is also required
in policy. It is important that a shared vision for the future of each area of technology
between government, industry and the research community is developed.
Unambiguous long term support for new and renewable energy will have a selfreinforcing effect. Some aspects of policy have a known and long term, timeframe,
for example Renewable Obligation Certificates, but others, such as capital grants, do
not. For these reasons, the importance of a long-term framework was emphasised by
many parties. Three points stand out:
• Whilst individual technologies would be expected to ‘move out’ of these measures
over time, it is necessary to be realistic about the amount of time required.
• There should be clear signals that the framework will remain supportive over long
periods while technologies move forward towards commercialisation – as each
option moves forward, the measures may become available to the next generation.
• The timeframes over which support is required varies with technology. ‘One size
fits all’ is neither essential nor desirable.
Technologies failing at the demonstration stage provide learning opportunities
There is an attrition of ideas and technologies during the R&D and demonstration
stages. The failure of some efforts, though, should not necessarily cast doubt upon
the viability of all similar technologies. It is inherent in the process that some ideas
and innovations will fail or go down the wrong path before the right path is found.
Further, the demise of an individual demonstration may provide valuable learning
information for others.
• Support mechanisms at the demonstration stage should envisage that several
attempts may be necessary by one or more technology developers before a
successful path is found.
• Evidence from unsuccessful attempts should be made widely available to others in
the system as far as is reasonable within the bounds of commercial confidentiality.
Patents are often burdensome for smaller companies, but vital for project finance
SMEs point to difficulties in registering patents and also in negotiating IPR with
universities in collaborative projects. However, IP is essential to young companies in
securing private equity finance. Many companies tend to avoid patents in favour of
v

keeping knowledge confidential. Some companies avoid university collaboration
since they are unable to secure satisfactory arrangements over IPR.
• Assistance should be provided to small companies seeking to protect genuine IP
which is potentially valuable in securing finance.
• Where possible, and particularly when small companies are involved, steps should
be taken to ensure collaboration with universities is not precluded by IPR issues.
Skills are currently lacking in key areas
Several technology and project developers pointed to a lack of necessary skills in the
UK. This leads some to recruit internationally, while others devote significant
resources to training. For the UK to compete in new and renewable energy
technologies, efforts should be made to estimate and provide future skills and
educational needs, from R&D through to applied engineering.
Partnerships provide competitive advantage
Although the benefits of collaboration are seemingly self-evident, the study has
identified specific circumstances where partnerships between companies and with end
users promote innovation and provide competitive advantage. Importantly, this
applies equally to partnerships with players outside the UK.
Both targeted and flexible support for R&D remains crucial
Whilst the systemic nature of innovation has been emphasised throughout this study,
it is clear that many new and renewable energy technologies still require further basic
and applied R&D. Successful R&D requires adequate and accessible funding,
together with varying degrees of co-ordination and industry involvement. Targeted
research programmes are important, but so also is support for relatively unguided
research, allowing researchers to pursue promising areas of technical and scientific
interest.
Summary of Findings by Sector
The evidence in the report is organised by technology as there are distinct innovation
systems, each with their own actors, drivers and interactions for each new and
renewable energy technology. Moreover, most of the sectors contain more than one
such innovation system. Overall, the maturity and market penetration of each
technology can be summarised by a position relative to the classic ‘S-curve’ of
technology adoption, as shown figuratively below.
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The findings for each sector are as follows:
Wind
Onshore
The wind industry has seen rapid growth since the late 1980s, delivering technology
improvements and cost reductions. Innovation is mainly through learning-by-doing,
and there are suitable networks to gain new knowledge. Historically, however,
development has been concentrated in other countries with effective policies, and the
UK has not seen the levels of installation delivered elsewhere; the UK industry is
currently a limited player in turbines and other components.
However, the UK has successful project developers, who do not rely on UK
technology developers – technology is imported, and learning shared across borders.
Project development also benefits from learning by doing, and UK companies are
well placed in project development and areas such as wind farm mapping software.
It is likely that the higher levels of financial support provided by ROCs will allow
expansion of UK installation rates, as this can partially ameliorate planning
constraints by allowing development in less visually intrusive, lower lying areas.
A shortage of skilled staff is having a negative impact on wind energy in the UK.
Offshore
Innovation (additional to ongoing learning by doing in turbines) is mainly in
installation and operation. UK firms, both in wind development and in offshore
engineering, are well placed to benefit if offshore developments expand.
Expansion is planned offshore in many countries, including the UK. At present it is
proceeding most rapidly in Denmark and Sweden.
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Because offshore wind is relatively new and large-scale developments are underway
for the first time, technology risks are high. These risks are accompanied by
uncertainty in some aspects of energy market regulation and renewables support
policies. It is not yet clear whether the support offered through the RO and capital
grants will lower the level of financial exposure to risk enough to attract significant
investment capital into the sector, at least in the short run. At present, the only
companies proceeding rapidly in the UK are large vertically integrated suppliers –
financing developments themselves and seeking ROCs to meet their own obligations.
In addition, there will be very large fixed costs involved in developing the supporting
infrastructure for the expansion of the offshore industry; over and above the capital
costs of the installations themselves. The payback periods will be long, and a long-run
perspective on both renewables policies and the wider regulatory environment is
required.
Whilst the long term nature of the RO is a clear recognition of these issues, and is
proving to be important in this respect, greater clarity about the expected longevity of
other measures, such as capital grants, has also been suggested. This needs to be
accompanied by a greater willingness to accept long term issues in energy market
regulation. Overall, it is suggested that such profound shifts in energy supply require
‘perseverance, not pump priming’ in many aspects of energy policy.
Network issues are also important; actors expressed concern about future connection
charges, and how the costs of network extension will be shared.
Wave and Tidal
Innovation is focussed on R&D moving toward demonstration, with small numbers of
devices at or close to commercial scale demonstration. The UK is among the world
leaders. Technology developers are predominantly SME spin-outs.
Despite some difficulties – such as IP issues that preclude close collaborations
between small firms and universities, and the complex diversity of funders – recent
R&D efforts appear to be getting results.
Much effort to date has been driven by RD&D programmes. However developers
place increasing emphasis on the value of support schemes that offer a small and
protected niche market to allow early demonstration devices to move into precommercial trials. The UK innovation system would appear to have a number of
emerging problems in this regard:
• There is a gap between existing RD&D programmes and the ‘near commercial’
support offered by the RO, which is not sufficient as technologies are high risk
and expensive
• There is a need to get funding for this step up from outside DTI RD&D
programmes. This could come from private sector project finance, but at present
this is difficult because of the high technological and market risks.
• Partly as a result, some companies appear ‘stuck’ at the R&D stage, reluctant to
move into demonstration. This may also be because the spin-outs concerned have
limited access to commercial expertise.
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Policies that provide a small niche market have been tried in the UK – SRO3 had a
wave and tidal tranche – with some success. Other countries are offering a dedicated
premium for these options and developers have responded. Another option would be a
dedicated capital grants programme. Whilst unit costs are high, installation levels (and
hence total costs) are modest. Policies of this nature could prove to be a useful
addition to the UK scene over the next few years.
Solar PV
The innovation system for PV is focused around two broad areas: ‘conventional PV’,
based on crystalline silicon and thin-film technologies, and ‘novel PV’, based on
novel photoactive materials and systems, such as organic solar cells. The UK is a
small player in the rapidly expanding global PV market, and there is only fragmented
representation by UK companies in the international PV development, supply and
installation chain, with relatively weak industry networks.
The conventional PV innovation system is based on the adaptation and application of
proven technologies. Innovation is primarily based on learning-by-doing and
incremental systems development, which is driving down systems costs. Innovation in
‘balance of systems’ items – such as solar roof tiles and in architecture – is also
important, and is driving activities in several UK installation and application
companies. A small number of UK installer/developers companies have emerged over
the last five years supplying supported commercial markets, such as buildingintegrated PV, and some niche commercial markets, such as ‘street furniture’.
Innovation in novel PV is at the basic and applied R&D stage, and a number of UK
universities have active research programmes. Significant levels of both industry and
government funding are provided for novel PV.
Innovation is being driven by expectations of large future markets, particularly
overseas, and through support for R&D into next generation technologies. Different
stages of the innovation chain are not well linked within the UK, though this is
somewhat offset by some UK companies being well integrated into international
supply chains.
Policy support for market creation, through capital grants programmes, pro-active
support from Ofgem, and building and planning regulations, is seen as critical to the
future development of the UK PV industry, together with the need for a stable, longterm policy framework.
The Major Demonstration Programme of capital grants is seen as an important step
forward, though in aiming at less than 2000 properties at a cost of £20 million, it is
very much smaller than comparable programmes in Japan and Germany.
Biomass
Distinct UK biomass innovation systems have been identified, relating to the
production of heat and electricity, and the production of transport fuels. The two
systems have resources and conversion technologies in common, but are distinct in
terms of end-user demand, and policies affecting them. In both systems, the UK has
some actors in all stages of the supply chain, but there is also significant involvement
with overseas companies.
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For heat and electricity production, there are existing projects, mainly using
combustion. This is a commercial technology, in which the UK has leading
technology players, and the technology and market risk is relatively low.
Policy support has tended to favour potentially more efficient and cleaner advanced
technologies such as gasification and pyrolysis. Innovation is focused on the
development of these technologies, which are at the demonstration stage but are
commercial in niche markets.
For transport fuel production, there is some UK R&D activity, but little commercial
activity. There has been little technology push or market pull, though EU legislation
on biofuels, pressure for agricultural diversification, and interest in the UK market
from overseas technology developers may change this.
Demonstration and pre-commercial biomass technologies suffer from high levels of
technology and business risk. This is exacerbated by a lack of understanding and
knowledge flow throughout the innovation systems. Risk could be reduced through
long-term integrated policies and coordinated support along the supply and innovation
chain. Support for conventional feedstocks and technologies could allow for gains in
confidence and supply chain experience. Current and proposed policies aimed at
renewable electricity and transport fuels may lead to greater market pull. However, it
is not clear whether the RO and other current incentives are sufficient to provide a
bridge between more conventional feedstocks and technologies and energy crops and
more advanced technologies.
Knowledge flows are currently not adequate to provide the policy, technology,
finance and demand communities with understanding of, and confidence in, the
economic and environmental implications of biomass systems. UK industry networks
provide some information, but most novel information comes from overseas. There is
very limited interaction between universities and industry, and a lack of strategic
direction in research, though this is improving. Industry learning (e.g. from the failure
of ARBRE) would reduce future risk.
A critical mass of both biomass R&D and demonstration projects is needed to
stimulate successful innovation and commercial development. Demonstration projects
would allow learning by doing and improving the commercial viability of biomass
fuel chains. The projects recently funded under the Bio-Energy Capital Grants
Scheme should provide an initial stimulus.
Hydrogen from renewables
Hydrogen production from renewable energy has been divided into three innovation
systems: production from renewable electricity; from biomass; and direct solar
production. In renewable electricity and some biological production routes,
innovation is generally required in systems demonstration. Direct solar production is
at an earlier stage of development, and so innovation is more focused on R&D.
There is significant interest in renewable hydrogen in the UK, with most actors in
R&D and in project development. There is a wide range of relevant policy and
funding actors, though little venture finance involvement. This is mainly due to the
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small number of UK technology developers, with most technology for demonstration
being sourced from overseas.
In R&D, drivers for innovation stem from personal interest in the technology and its
environmental benefits. Research directions are not significantly directed by policy,
being focused instead on expected future industry and market interest, mainly as a
result of significant collaboration and strong international knowledge networks within
the sector. Co-ordination of funded research through Supergen is seen as a positive
step. Increased incentives for commercial R&D would be beneficial, together with the
stimulation of a market for hydrogen.
Early demonstration is essential to bring learning by doing and increased awareness of
and confidence in hydrogen systems. Demonstration projects generally involve
partnerships with local and regional bodies, which can provide a strong pull for
hydrogen projects. Barriers to demonstration projects include the cost of systems, and
the length and complexity of application procedures. A potential barrier to
demonstration is the perception that renewable hydrogen is only a long-term prospect.
Carbon Trust and EU project funding were welcomed, and further funding
encouraged.
Combined Heat and Power
Two distinct innovation systems in the UK for CHP can be identified. Community
(large-scale) CHP, presently based on natural gas combustion, but with increasing
application of biomass, is at the supported commercial stage. Micro-CHP, at the
household scale, is moving from the early demonstration to the pre-commercial stage.
Whilst innovation is occurring for both these areas, they face significant barriers to
successful commercialisation.
For micro-CHP, the UK has a small number of highly networked technology
integrators, undertaking significant development to integrate components and package
units, but the basic technology development is mostly occurring overseas. CHP
overlaps a range of traditional technological and institutional areas of influence, and
has a potentially long supply chain to the individual household. The major players are
seeking to overcome this complexity, reduce risk to product quality, and establish
market share, by becoming integrated systems providers of micro-CHP packages
through retail lease arrangements.
For community CHP, innovation is mostly in systems development, supply chain
management and project design and delivery, though applied R&D for biomass-based
CHP systems is also being undertaken.
Market creation programmes for micro-CHP are starting, including a demonstration
project covering 6,000 households beginning later this year. However, micro-CHP
falls outside many support programmes, because of its small scale and the fact that
many measures, such as the Renewables Obligation, are not aimed at the residential
sector or at incentivising heat. The fuel poverty issue has resulted in the exclusion of
the residential sector from several important measures which would otherwise give
value to micro-CHP’s carbon dioxide emissions benefits. A clearer institutional
structure for micro CHP - for example, standards, planning, trade associations for
installers, consents simplification, routes to market - would facilitate market entry.
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The relatively long payback period for community CHP means that commercial risk
(for example, relating to currently low electricity prices and high gas prices) combines
with policy risk (perceived lack of commitment to CHP targets) to create barriers to
take up. There are a range of policy support mechanisms, depending on the
technologies used, mix of end users and other factors. The need for a clear long-term
policy framework, and incentives for the involvement of other key actors, such as
local authorities and housing associations, were highlighted.
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Introduction

Innovation - the production, diffusion and use of new, and economically-useful,
knowledge in the form of products and services - is known to be the principal source
of economic growth, and a key source of new employment opportunities and skills.
The development and use of new technologies is a systemic process. It occurs mainly
through research activity in public and private laboratories in efforts to reduce costs
and find solutions to particular problems encountered in industry and commerce.
Much innovation stems from companies active in established markets, and benefits
from discoveries and improvements that arise in the course of commercial
development, often called 'learning-by-doing'.
Innovation requires a supportive policy environment, especially for technologies
which are currently more expensive than alternatives, but offer the potential of high
social and environmental benefits. The economic rationale for support for innovation
is that, by reducing costs and creating new economic opportunities, direct support
gives rise to appreciable social-economic benefits (positive externalities). In the case
of environmentally-related innovation, such as for technologies with the potential for
mitigating climate change, there are the additional benefits of creating options (option
value) for addressing an otherwise seemingly insuperable problem, and of reducing
the external costs of environmental damage itself. For these reasons direct support
through public policies is widely seen as being central for innovation to occur.
This is recognized in Government and several initiatives are underway to understand
how innovation can best be encouraged in the UK. Against this background, the DTI
Renewable Energy Directorate would like a deeper understanding of the innovation
systems, and impacts of relevant policy instruments, that currently operate for a range
of new and renewable energy technologies. This study was commissioned to improve
understanding of the process of innovation for specified range of technologies, and to
provide evidence for a strategy toward new and renewable energy development and
deployment in the UK. The study is also intended to feed into the ongoing
OECD/IEA work on innovation systems, serving as a UK case study on the systems
in renewable energy.
This study was conducted by an integrated team from Imperial College Centre for
Energy Policy and Technology and E4tech, a specialist consultancy in the energy and
environment field. Names of the team members and their roles are provided in
Appendix 1. The work took place between March and June 2003.
The study analyses the UK innovation system surrounding the following new and
renewable energy technologies:
• Wind (onshore and offshore)
• Marine (wave and tidal)
• Solar PV
• Biomass
• Hydrogen from renewable sources
• District and micro-CHP.
For each technology sector, the key actors and the systemic interactions between them
relating to innovation are analysed. The key issues addressed are as follows:
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Drivers for innovation
Knowledge creation, diffusion and exploitation
Public/private partnerships
Intellectual property rights
International dimension
Other systemic influences on innovation.

Using a framework designed to address these issues, the study provides a ‘snapshot’
of the main drivers for, and barriers to, innovation in the UK for each technology
sector. The findings are summarised for each sector and some common themes are
also brought out. However, the study does not attempt to produce forecasts or
scenarios for the future development of any technology sector.
In Section 2, the process by which evidence was gathered is described in more detail.
Section 3 outlines the theoretical basis for understanding innovation systems used in
this study, and its roots in recent academic and policy analysis of innovation. Section
4 contains the main findings by technology sector, analysing each of the six
technology sectors in terms of the above six key issues. Section 5 draws out crosscutting findings for each issue, analysing the similarities and differences between the
innovation processes for the different technologies. Section 6 draws out some
overarching themes and implications for improving the effectiveness of innovation
systems for new and renewable energy technologies. Section 7 offers suggestions for
further work to build upon the findings of this study.

3

2

Process used for this study

This study analyses the UK innovation systems surrounding a number of new and
renewable energy technologies. It uses an approach to understanding and mapping
these innovation systems that synthesises expert knowledge from the team with
evidence collected for this study, using the theoretical framework outlined in Section
3. The evidence was collected through a one-day expert workshop and a series of
semi-structured interviews, conducted by the team with key actors from the renewable
energy industry, policy-makers and the academic community.
The process used in the study consists of a sequence of closely linked phases,
summarised in Figure 2.1 and described in more detail below.
• The first phase was to build a generic framework for analysing the innovation
process in renewable energy (Section 3).
• The study then applies the generic framework to examine the innovation systems
in the six renewable technology sectors (Section 4), through expert analysis and
interviews with key actors.
• The findings are then drawn together, with comparisons and common conclusions
identified (Section 5).
• Themes and implications for policy are discussed (Section 6).
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• What type of actors
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are there?
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• How do they relate to
• What are the main
map?
each other?
drivers in energy?
• Which drivers and
• How does this vary for • How do influence,
flows are most
knowledge and money important?
renewable energy?
flow in the innovation
• What questions must
• Public/private
process?
be answered?
partnerships, IPR,
globalisation, systemic
influences
• Draw upon wider team • Email questions to
• Desk based
insights using
• Draw upon team
gather facts
workshop
insights
• Telephone and face to
• Interview key
face interviews to add
expert(s) to refine
detail
understanding
• Initial map of each
• Framework
• Written email question
sub-sector showing
• Ingoing hypothesis
responses
actors and flows
• Common language
• Interview records
• List of potential
• Draft questions for
interviewees and
interviews
further questions
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• For each of the 6
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Review, the
insights for renewable
Renewable Energy
energy?
Development &
Deployment paper and
the OECD/IEA study?
• Team review of
findings
• Comparison with
hypotheses

• Close interaction with
DTI

• Detailed map and
• Findings, conclusions,
flows by sector
implications in most
• Additional
appropriate format(s)
commentary by sector
• Higher level insights

Figure 2.1. Outline of study process

2.1
Build generic framework of innovation process
Building on a theoretical basis provided by the literature on innovation systems, a
generic framework for analysing innovation systems for renewable technology sectors
was developed. This framework is described in Section 3. It involves three core
components:
• Identification and characterisation of the key actors for each sector.
4

•
•

Description and ‘mapping’ of the systemic interactions between these actors,
and how these give rise to innovation.
Comparison between the different sectors, and identification of common
conclusions and key differences.

2.2
Characterise renewable energy sectors
The mapping and analysis of each renewable energy sector was led by an expert on
that sector from within the team. Each identified some key actors, and provided an
initial description of technologies and actors. A one-day workshop was held on 25th
March 2003, at which the team worked with invited experts to produce a more
complete characterisation of the innovation system for each sector.
Characterisation of each sector consisted of:
• First identifying the actors involved (academic researchers, technology
developers, knowledge networks, project developers, technology end-users,
research funders, financial investors, government departments and regulators);
• Identification of drivers of innovation, and the consequent flows of influence
between the actors relating to their roles and activities;
• Exploring the ways in which knowledge is created, diffused and exploited by the
different actors, arising from actors’ different motivations within the innovation
process;
• Creating an innovation map for each technology sector, in order to synthesise and
summarise the main systemic interactions between the actors. Three main flows
between the actors are represented on the map – influence, knowledge and
funding.
Following the workshop, a list of potential interviewees in each sector was drawn up,
in consultation with the invited experts. In view of the short time-scale of the project,
key representatives of each group of actors were interviewed, rather than a
comprehensive consultation. However, the representatives were chosen to cover the
different types of actor for each technology sector. A full list of those consulted is
given in the Appendix.
2.3
Conduct interviews
A generic set of questions for interviewees was prepared, covering the six key areas
of interest: drivers for innovation; knowledge creation, diffusion and exploitation;
public/private partnerships (PPPs); intellectual property rights (IPR); international
dimension; and other systemic influences on innovation. These included questions
relating to their organisation’s role in the innovation system of the sector, their
research directions, the influences behind those directions, the funding support for
them and the extent and nature of their collaboration with other actors in the system.
Questions were tailored to the sector studied and to the actor. The questions were emailed in advance to the interviewee and each interview was conducted and
transcribed by two members of the research team, either face-to-face or by phone.
The full list of questions is shown in Appendix 2.
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2.4
Synthesis of outputs
The information gathered on each of the sectors was brought together to answer the
specific study questions. The initial maps of actors and flows were modified by
inclusion of the results of the interview process. This resulted in a detailed map for
each sector, together with an analysis of the specific framework conditions. These
maps and analyses for each technology sector are given in Section 4 of this report.
The maps were then used to compare the innovation system across all sectors.
Common themes were noted, and the distinctions between systems drawn out. These
comparisons were then be used to provide higher level insights for renewable energy,
such as the effect of particular drivers and barriers on renewables in general.
2.5
Prepare outputs
The outputs include suggested implications of the nature of innovation in renewable
energy systems for DTI and for other government institutions involved in supporting
development and deployment. Conclusions which could inform the Innovation
Spending Review, the Renewable Energy Development and Deployment paper and
for the OECD/IEA case study are explained in detail. It should be noted that the
authors were asked not to make specific policy recommendations at this stage.
In the next Section, the theoretical basis for this approach, and the generic framework
developed for analysing and mapping each technology sector, are described.
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3

Understanding innovation systems

In this section, the theoretical basis for understanding innovation systems used in this
study is outlined. This builds on a considerable academic and policy literature, some
of which is briefly reviewed here. The argument for policy support for environmental
innovation, developed in more detail in a previous report is also reviewed. Finally, the
generic framework for understanding innovation systems developed for this study is
described.
3.1
From technology stages to innovation systems
An innovation system is defined here as “the elements and relationships which interact
in the production, diffusion and use of new, and economically-useful, knowledge”
(Lundvall, 1992). Thus, rather than being categorised as a one-way, linear flow from
R&D to new products, innovation is seen as a process of matching technical
possibilities to market opportunities, involving multiple interactions and types of
learning (Freeman and Soete, 1997). There are a number of clearly identifiable stages
(shown in Figure 3.1) in the development of new technology: from R&D,
demonstration and commercialisation to diffusion. However, knowledge flows in both
directions, for example, as information from early market applications feeds back into
further product research. This means that the conventional drivers of technology push,
from R&D, and market pull, from customer demand, can be reinforced or inhibited by
feedbacks between different stages and by the influence of framework conditions,
such as government policy and availability of risk capital.

Government
Policy Interventions

Market Pull

Business
Academia

R&D

Demonstration

Pre com- Supported
Commermercial commercial
cial

Consumers

Product/ Technology Push

Investments

Investors
Figure 3.1. Stages of the innovation chain (Source: adapted from Carbon Trust1 (2002))

Systems feedbacks in the innovation process
An early attempt to represent the systems feedbacks within the innovation process
was made by Kline and Rosenberg (1986) in their ‘chain linked’ model. This was
1

Note: We have changed the details of the Carbon Trust’s categorisations (R&D, demonstration, etc)
to those developed in this study and explained below, and in more detail in section 4.
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used as the conceptual framework in an influential report by the OECD (1992) on
‘Technology and the Economy: The Key Relationships’. This model represents the
feedback loops between: (i) research; (ii) the existing body of scientific and
technological knowledge; (iii) the potential market; (iv) invention; and (v) the various
steps in the production process. The model is shown in Figure 3.2.

RESEARCH

KNOWLEDGE

POTENTIAL
MARKET

INVENT
AND/OR
PRODUCE
ANALYTIC
DESIGN

DETAILED
DESIGN AND
TEST

REDESIGN
AND
PRODUCE

DISTRIBUTE
AND
MARKET

Figure 3.2. An interactive model of the innovation process: The chain-linked model (Source:
Kline and Rosenberg (1986))

Figure 3.2 combines two different types of interaction. The first (in the lower part of
the model) relates to the processes occurring within a given firm (or a network of
firms acting together). The second expresses some of the relationships between the
individual firm and the wider science and technology system within which it operates.
At the level of the firm, the innovation chain is represented as a path starting with the
recognition of a potential market opportunity together with a potential design for a
new product or process to meet that opportunity. Building on existing scientific or
technological knowledge and, where necessary, research to add to that knowledge, an
‘analytic design’ is produced. This leads to development, production and marketing,
but there are feedbacks between each stage and, crucially, feedbacks between the
product users and the design and production phases. A key feature is the uncertainty
and unpredictable nature of both technological capabilities and user needs.
National systems of innovation
The concept of a national system of innovation was first developed in a pioneering
study of the Japanese economy in the late 1980s (Freeman, 1988). Two major studies
in the early 1990s, Lundvall (1992) and Nelson (1993), provided more detailed
theoretical and empirical analysis. Nelson and collaborators compared the national
innovation systems of 15 countries, finding that the differences between them
reflected differences in the institutional set-ups between countries, including systems
8

of university research and training and industrial R&D, financial institutions,
management skills, public infrastructure and national monetary, fiscal and trade
policies.
The concept of national innovation systems has been taken forward and used
extensively by the OECD (1999, 2002), following these early studies. The innovation
process is seen as being characterised by the different actors and institutions (small
and larger firms, end-users, governmental and regulatory bodies, universities, research
bodies), by interactions and flows of knowledge and influence, as well as market
transactions, and by incentives for innovation created by the institutional set-up. The
OECD (2002) study identified several broad trends that are combining to change the
conditions for successful innovation: growing importance of linkages and interactions
between the science base and the business sector; more competitive markets and the
accelerating pace of scientific and technological change are forcing firms to innovate
more rapidly; increasing need for firms to engage in networking and collaboration;
importance of technology-based start-ups, often small and medium sized enterprises
(SMEs), in the development and diffusion of new technologies; and that countries’
innovation systems are becoming more interdependent as a result of globalisation.
Building on this work, the OECD is currently undertaking a case study of innovation
in the energy sector in a number of countries, in collaboration with the International
Energy Agency (IEA), and this study draws on the OECD/IEA approach.
The innovation systems approach has been taken up by the EC’s Economic Policy
Committee in a Report on Research and Development (EC, 2002). They identify four
key elements, which combine to influence the performance of an economy’s
innovation system:
• The supply of ideas, or technology push, from the R&D base;
• The demand, or market pull, for useful products and the incentives to innovate;
• The networks by which knowledge is exchanged between actors;
• The framework conditions that innovating firms operate within, including the
stability of the macroeconomic environment, competition policies, sophistication
of financial markets and the availability of risk capital, and the level of general
education.
In this perspective, innovation and learning are viewed as network activities, and the
rationale for policy intervention “shifts from one simply addressing market failures
that lead to underinvestment in R&D towards one which focuses on ensuring the
agents and links in the innovation system work effectively as a whole, and removing
blockages in the innovation system that hinder the effective networking of its
components” (EC, 2002).
In other words, by undertaking empirical analysis of innovation systems, systems
failures can be identified, in which market mechanisms fail to achieve sociallydefined objectives, and opportunities for public policy intervention exist (Edquist,
2001).
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Technological and institutional ‘lock-in’
A key idea from innovation theory is that the development of technologies is a path
dependent process, i.e. the innovation and adoption of technologies is influenced by
events occurring along the path of its development (David, 1985). This arises because
technologies exhibit increasing returns to adoption, i.e. positive feedbacks which
mean that the more a technology or institution is adopted, the more likely it is to be
further adopted.
Arthur (1994) identified four major classes of increasing returns for technologies:
scale economies, learning effects, adaptive expectations and network economies.
Scale economies reflect the fact that unit costs decline as fixed costs are spread over
increasing production volumes. Learning effects reflect product improvements and
cost declines as experience is gained in the production and application of a
technology. Adaptive expectations arise as increasing adoption reduces uncertainty
and both users and producers become increasingly confident about quality,
performance and longevity of the current technology. Network or co-ordination
effects occur for technologies for which the more users there are, the more useful the
technology becomes, such as for mobile phones. Arthur (1989) showed that, in a
simple model of two competing technologies, these effects can amplify small,
essentially random, initial variations in market share, resulting in one technology
achieving complete market dominance at the expense of the other, so-called
technological ‘lock-in’.
Furthermore, it is argued that, as technological systems exhibit increasing returns and
so become locked-in, similar types of increasing returns accrue to the framing
institutional structures, such as market rules and policy frameworks, further
reinforcing the dominance of existing technological systems. It is argued that this
process of technological and institutional lock-in has given rise to the dominance of
existing carbon-based energy systems, creating a barrier to the adoption of alternative
low-carbon technologies and systems (Unruh, 2000, 2002). For example, market rules
and policy frameworks evolved in the context of large, centralised electricity
generating systems may be unsuitable for decentralised generation systems, and so
form a barrier to their adoption and take-up (Foxon, 2002).
3.2
Insights from wider innovation theory
The above work on innovation systems forms part of a wider academic and policy
literature on innovation (see recent reviews by Kemp (1997), Grubler (1998), Ruttan
(2001)). We draw six main insights from this innovation theory literature, of
relevance to this study:
(1) Innovation occurs through a process of systemic interactions between users,
producers and technology developers: As we have seen, innovation arises from
interactions between different actors, involving both knowledge flows and market
transactions between them.
(2) Decision-making occurs under uncertainty and ‘bounded rationality’:
‘Bounded rationality’ is the idea that any economic actor - individual, firm or
government – is limited in their ability to gather and process information needed
for decision making. Because the future is uncertain and firms do not have perfect
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knowledge, what they know and how they learn becomes central to understanding
the innovation process. Much innovation consists of making new combinations of
existing knowledge, as a result of various forms of learning: learning-by-doing,
(increasing efficiency of production through experience gained) (Arrow, 1962);
learning-by-using, (increasing efficiency of use of systems through experience)
(Rosenberg, 1982); and learning-by-interacting, (increasing efficiency of the
system through user-producer interactions) (Lundvall, 1988). Furthermore, since
innovation is characterised by uncertainty about future markets, technologies and
policies, it follows that firms’ and investors’ expectations of these future
conditions are a crucial influence on their decisions about which technologies to
invest in and develop.
(3) Technology development exhibits path dependency and lock- in:
Institutional and technical factors can create a situation where incumbent
technologies exclude new options, and where current investment decisions have a
long-term influence on conditions for future technology investment decisions (see
above).
(4) New technologies typically first commercialise in niche markets:
A new technology will typically first commercialise in niche markets, where the
particular advantages of the technology are strongest. These niche markets allow
the technology to benefit from learning-by-doing and other types of learning, so
that costs reduce and the performance of the technology can improve. If this
occurs sufficiently, the new technology may then become competitive with the
existing technology in the wider market. This means that there may be a case for
explicit policy support for niche market development (Kemp et al., 1998; Gross
and Foxon, 2003).
(5) The institutional set-up is important:
The market rules under which firms operate are an important influence on the rate
and direction of innovation. In particular, policy and regulatory environments can
provide incentives or create barriers to certain types of innovation. The relative
stability of regulatory environments may also influence investment decisionmaking.
(6) Policies matter, and must be appropriate:
Direct policy support for environmental innovation can be justified on
environmental and economic grounds, and can complement fiscal and regulatory
measures. Different types of policies have the potential to support innovation at
different stages of technological maturity.
3.3
Innovation systems and the role of policy
The literature on innovation systems per se does not provide an insight into the
specific problems that face sectors offering the prospect of environmental benefit,
including new and renewable energy technologies. In such sectors, there is a strong
case for more extensive policy intervention than might exist in the wider economy;
and for policies that promote innovation directly in order to bring forward
technologies that offer environmental benefits. The reasons for this were set out in
detail in a report by Imperial College and the Fabian Society for the Economic and
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Social Research Council, based on a number of workshops held in 2000 (Anderson et
al., 2001). These are:
• The problem of time lags. Whilst the standard instruments of environmental policy
– fiscal and regulatory measures – have led to substantial environmental
improvements, this often takes a long time, sometimes decades. Support for
innovation can bring forward investments in cleaner technologies more quickly,
and lead to environmental problems being solved sooner.
• Risks and uncertainties of costs and benefits. The long-term effects of climate
change on the environment and human activity are far from being fully
understood; we do know that they are likely to span several centuries if not
millennia and will be irreversible. Hence, we do not know the benefits of
mitigating climate change to within one, or perhaps two or more orders of
magnitude; the costs of mitigation are also uncertain. In this situation, the
principles of investment and policy making under uncertainty point consistently to
a policy which encourages the exploration of options, for which innovation policy
is central.
• Value of creating options. The corollary of that innovation policy is a robust
response to uncertainty and risk, because it can create options that would not
otherwise exist, or alternatively bring options forward in time. In addition, the
marginal cost of addressing environmental problems can be reduced.
• Positive externalities of innovation. A further benefit is that such policies add to
the flexibility of response available to policymakers and reduce costs. The cost
reductions arising from innovation accrue to future investors and users of the
technology, and are not fully captured by the firms or individuals investing in
innovative activity.
In short, this work suggests that, in addition to measures such as carbon taxes and
pollution abatement regulation, there is a strong case for supporting innovation
directly in sectors, both on environmental and economic grounds. This case applies
strongly to sectors, such as renewable energy, that are characterised by immature
technologies, a degree of lock in to existing technological systems and the potential
for strong societal benefit.
3.4
Technological maturity and policy instruments
Renewable energy technologies differ widely in terms of their technological maturity.
As a result, they require different types of policy intervention. As described in detail
in Sections 4 and 5, different renewables span the range of maturity categories, from
R&D, demonstration, pre-commercial to supported and fully commercial.
One way to characterise this spread is in terms of the so-called ‘S-curve’ of
technology development and diffusion. The normal S-curve traces the typical path of
the development of a technology over time – from slow initial market take-up,
through a rapid take-off and diffusion phase, to eventual market saturation. In Figure
3.3 below, we show instead a representation of market penetration against
technological maturity – for a successful technology, penetration of the market (in
which the technology competes) expands along the S-curve as maturity increases.
This figure is intended to be illustrative, not quantitative, on either axis. Different
types of policy may be needed to support technologies at different stages in their
development, and the figure shows the broad outline of where different policy
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instruments are most appropriate. In Section 4, we use this figure to illustrate the
current position of different renewable options in the UK, in relation to the S curve.
In an ideal world, policies would be tailored to provide the required support at each
stage for technologies meeting environmental performance criteria, and would ‘join
up’. A successfully performing technology would then be able to progress smoothly
from the early stages to the final stage where it can compete without direct support
(given, for example, a generally supportive environmental tax or trading scheme).
Thus, there are several elements to a policy, not one ‘magic bullet’; the kind of
instrument needed varies with the phase of a technology’s development.
Market penetration
(indicative)

Self sufficient
given
environmental
taxation,
regulations or
trading
ROCs, fiscal
incentives such
as fuel duty
relief

R&D
programmes
and grants

Public
procurement, demo
grants, demo
programmes

R&D

Demonstration

Statutory
obligations +
grants or capital
expenditure–fiscal
incentives, public
procurement

Pre-commercial

Supported
commercial

Fully
commercial

Technology maturity by ‘stage’

Figure 3.4. S curve of technological development and policy instruments

Renewable Energy Support Policies
Several countries have a relatively long history of providing special measures to
promote renewable energy. In the context of our model of innovation systems, these
schemes are essential components of innovation policy. Policies differ by country,
though most include one or more of the elements illustrated in table 3.1, which shows
some of the main types of policy instruments, and where they sit in the context of
technology maturity.
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Measure
Public
funding for
R&D
Public
Procurement
Direct state
subsidy

Fiscal
incentives:
(1) Electricity

(2) Fuels and
efficiency
Regulation

Statutory
obligations on
electricity
suppliers
This type of
mechanism
may take a
number of
forms, all of
which differ
substantively

Comment/explanation
Direct state expenditure in public and private sector
research. Justified on standard economic grounds, as the
social returns to innovation exceed the private returns.
UK activity through, Carbon Trust, Research Councils and
DTI programmes.
Preferential public procurement policies for renewable
technologies may be used to help develop initial niche
markets. Little used in UK context
This may target either capital investment in renewable
plant, or output, where generators and/or suppliers receive a
subsidy based upon the quantity of renewable energy
supplied. Few countries continue to use public funds for
direct subsidy of renewables. Capital grants are available
for offshore wind and biomass.
These may target either capital investment in plant, e.g.
through accelerated depreciation on investment, or be based
upon the quantity of electricity supplied/purchased from
renewable generators, e.g. through rebate of carbon /energy
taxes (as in Denmark and the UK) or a dedicated tax credit
(as in the US). CCL is exempted for renewable power and
CHP in the UK
Fuel duty relief for biofuels in several UK countries.
Vehicle excise duty in the UK is graded according to
vehicle emissions and engine size.
Building regulations and local planning guidance, e.g. a
requirement to have a proportion of energy generated on
site for buildings over a certain size
‘Fixed price plus obligation to buy’, often referred to as
‘feed-in laws’: Obligation on utilities to accept all
renewably generated power, provided technical criteria are
met. Power producers are paid a guaranteed price, fixed by
technology type – set by regulation and most often borne by
the utility and passed onto consumers.
‘Competitive bidding’, or ‘NFFO type2’ schemes:
Renewable energy developers are invited to bid for
contracts to sell electricity at a fixed premium price for a
fixed term. The premium price emerges from the
competitive bidding process. In the UK and Ireland the
price premium was funded by a levy on conventional
generation.
‘Renewables Portfolios Standards’ (RPS) or obligation
based schemes: Obligation on suppliers to source a
proportion of their power from renewables. This involves a
target level of renewable generation, usually combined with
tradable certificates for green electricity. This allows
suppliers to either directly purchase/generate renewable
electricity, or to purchase the equivalent certificates –
which creates a competitive market for renewable power.
The UK Renewables Obligation is a leading example.

Technology stages
RD&D

Several, from
demonstration
onwards
Most common at
early ‘post-R&D’ demonstration and
pre-commercial
stages
Most use at pre and
supported
commercial stages.
Measures targeted to
capital costs may be
of use at demo stage
Supported
commercial
Pre and supported
commercial. Also to
encourage uptake at
commercial stage
Supported
commercial

Table 3.1 – Technology and innovation policy instruments

2

Non Fossil Fuel Obligation, the UK scheme introduced in the mid 1990s, now superseded by the
Renewables Obligation

3.5
Key issues for this study
Building on the above theoretical and policy-making literature, this study will analyse
UK innovation systems for new and renewable energy technologies in terms of the
following six key issues:
•

Drivers for innovation
• What are the primary drivers for innovation in the renewable energy sector?
• What are the respective roles for government policy and market forces in
creating incentives for innovation?
• How do the actors in the sector drive innovation?

•

Knowledge creation, diffusion and exploitation
• Which groups of actors contribute most to knowledge creation, funding and
R&D?
• How is industry involved throughout the value chain?
• How does knowledge creation lead to diffusion and exploitation?
• How are the roles of actors in knowledge flow changing over time?

•

Public/private partnerships (PPPs)
• What PPPs are present in each sector?
• How do they contribute to innovation?
• What funding and IPR sharing arrangements exist within the PPPs?

•

Intellectual property (IP)
• How important is IP protection in innovation?
• What are the main patterns of IP rights (IPR) licensing?
• What challenges exist in IPR licensing, specifically in public research?

•

International dimension
• To what extent are research, development and other innovative activities
international in each sector?
• What forces drive globalisation of R&D and through what mechanisms?

•

Systemic influences on innovation
• What other systemic factors (such as market or policy systems) promote or
inhibit technological innovation?

3.6
Generic framework for analysing innovation systems
For each of the six technology sectors listed in Section 1, after a brief review of
current resource, technology and status, the main UK actors for that sector are
identified and characterised. These include those involved in creating and/or sharing
knowledge (academic researchers, technology developers, knowledge networks),
those disseminating and using knowledge in the form of IP and commercial products
(project developers and end-users), and those setting the framework conditions
(including government departments and regulators, research funders and financial
investors). Through a process of expert analysis and interviews with key actors,
described in Section 2, the innovation system for each sector is then analysed to
address the above six key factors and questions.
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The first task is to identify the primary determinants or drivers of innovation within
the sector, including the respective roles of government policy and market forces in
creating incentives for innovation; the extent to which policy drives the direction or
timing of R&D; the importance to actors of a long term policy framework; and the
importance of an early home market. The influence of other framework conditions on
research directions, including the influence of societal concerns, such as human health
and the environment, is addressed. The relative importance of technology push
drivers, such as basic and applied public and private R&D, compared with demand
pull drivers, such as the influence of energy distributors and users, for technologies at
different stages of the innovation chain is assessed.
The second area of analysis is knowledge creation, diffusion and exploitation. Key
sources of new knowledge, IP or new technologies are identified, and the means and
importance of sharing of knowledge between actors are assessed (including role of
patents and licensing, mobility of scientists and engineers, exchange of tacit
knowledge, consulting and joint research efforts). The key funders and performers of
R&D and innovation in the sector are identified and, where possible, annual spending
on innovation ascertained. The ways that firms acquire new knowledge (e.g. internal
R&D, networking, contract R&D, collaborative R&D, mergers and acquisitions,
licensing), and the changing balance between these, are assessed. How research is
carried out, e.g by individuals, teams or multi-disciplinary research centres, the skills
needed and the availability of people with the necessary skills are all analysed.
In order to aid synthesis of information, the above drivers of innovation and
knowledge flows are represented on one or more maps of the innovation system for
each renewable energy sector. These maps represent the key actors and the primary
flows of funding, influence and knowledge for that sector. In addition, the key
framework conditions and the technology position on the innovation chain are
indicated in text boxes. The common framework for these maps is shown in Figure
3.4, featuring an example of how policy might influence project investment via
utilities and parallel technology development. This framework was developed by
applying general systems theory (e.g. Checkland (1981)) to some of the key factors
identified in the innovation systems literature reviewed above. Such maps are not
thought to have previously been widely applied to understanding innovation systems3.

3

A similar type of systems map, applied to the drivers for the recycling of electric and
electronic equipment, in Buchinger et al. (1999) came to our attention after our framework had
been developed
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Figure 3.4. Generic map for sector innovation system

The third area of analysis is the forms and significance of public/private partnerships
(PPPs) in fostering innovation. The kinds (general to specialised) and methods
(formal or informal) of sharing knowledge within partnerships are assessed. The
funding of PPPs and the arrangements for managing or sharing of results and
intellectual property are addressed.
The fourth area relates to the importance of intellectual property rights (IPR)
protection to innovation. The roles of patenting and licensing as drivers of innovation
and means of diffusing technologies are analysed. Any concerns of actors about
licensing across the public sector/private sector boundary are investigated. The roles
of spin-outs from academic research or start-up companies are assessed.
The fifth area assesses the international dimension of research, development and other
innovative activities, particularly the extent to which each sector is internationalised
and how important this is.
The sixth and final area of analysis is that of other systemic influences on innovation.
These may include systemic issues of market structures, government regulations,
complementary assets etc. that inhibit technological innovation in certain areas
(giving rise to technological and institutional lock-in) while facilitating it in others.
In Section 4, these six areas of analysis are applied to the innovation systems for the
six technology sectors of new and renewable energy.
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4

Innovation systems by technological sector

4.1
Introduction
The following section presents the findings of our research ordered by technology
sector. This was chosen as the primary dimension for ordering the work, as it is clear
that there are distinct innovation systems, with their own actors, drivers and
interactions, for each technology sector. Moreover, most of the technology sectors
contain more than one such innovation system, since there are distinct differences
between systems of actors, drivers and interactions, at the sub-sector level. The
determinant of this difference varies by technology - for example, in wind, the
offshore and onshore sector differ in that they have different levels of technical
maturity and perceived risk, while, in biomass, the transport fuels and heat/electricity
sectors differ in the drivers and technologies that apply.
The innovation systems for the six technology sectors form the remainder of this
section. The different technology sectors are presented using a uniform approach to
aid comparability. The structure applied to each sector is as follows:
Summary of main findings
1. Introduction
1.1. Explanation of the relevant sub-sectors used to classify that sector
1.2. The resource and its potential
1.3. Overview of technology or technologies
1.4. Overview of current status of projects, policy and developments
2. The actors in the sector
2.1. Characterisation of the sector
2.2. The leading countries
2.3. UK actors
3. Drivers of innovation
4. Knowledge creation and diffusion
5. Map(s) summarising the innovation system(s)
6. Partnerships for innovation
7. The role of IP in innovation
8. The international dimension of the innovation system
9. Other system influences on innovation
Firstly, the stages of technological maturity used to characterise the current
development of each technology are discussed.
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4.2
Technological maturity
Definitions of technological maturity differ and determining where technologies ‘fit’
is not straightforward. For example, there are a wide variety of PV technologies, and
multiple markets. In addition, it is possible to split the categories several ways, to
include demonstration within the R&D stage for example, or to further sub-divide the
pre-commercial stages. In spite of this we have placed the new and renewable options
on a spectrum, based on the sector overviews and expert judgements. The spectrum
chosen is broadly consistent with other assessments and analyses (see, for example,
the Carbon Trust approach outlined above). However it has been refined to enable us
to flag up potential ‘gaps’ in policy support and particular areas of difficulty in terms
of the actors involved and the way that they interact.
The categories themselves are broadly self-explanatory;
• Basic and applied R&D includes both ‘blue skies’ science and
engineering/application focused research. Primarily university research activities.
• Demonstration includes early prototypes and is intended to take us to the point
where full scale working devices are installed – but only in single units or small
numbers, and still financed largely through R&D related grants. Often the
preserve of small spin outs or research subsidiaries.
• Pre-commercial is intended to capture a fairly broad stage of development, one
where multiple units of previously demonstration-stage technologies are installed
for the first time, and/or where the first few multiples of units move to much
larger scale installation for the first time. Larger players begin to move in or spin
outs must grow rapidly, so investment risks (and hence policy needs) are high at
this stage.
• Supported commercial is the stage where, given generic renewables support
measures such as the Renewables Obligation, technologies are rolled out in
substantial numbers and by commercially oriented companies.
• Commercial technologies can compete unsupported, within the broad regulatory
framework.
It is important to note that the above represent a continuum, not rigid compartments.
An indicative view of how technologies have been grouped is provided below, using
the market penetration/technology maturity graph from Section 3.4. It is interesting to
observe at this stage that not all of the technologies appear to be achieving their
potential, in spite of their relative maturity.
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Figure 4.2 – Technological stages of different technologies
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cofiring
CHP
Biomass
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Fully commercial

4.3

Wind

Summary of main findings
Onshore
The global innovation system is working well, and rapid market growth over the last
decade has helped deliver technology improvements and cost reductions. Historically
however, development has concentrated in other countries with effective policies, and
the UK has not seen the levels of installation delivered elsewhere.
Innovation is mainly through learning by doing, and there are suitable networks to
gain new knowledge. Learning by doing has been less pronounced in the UK, and UK
industry is a limited player in turbines and other components.
The UK has successful project developers who do not rely on UK technology
developers – technology is imported, and learning shared across borders. Project
development also benefits from learning by doing, and UK companies are well placed
in both project development itself and some of the tools for doing so – such as wind
farm mapping software. It is likely that the higher levels of financial support provided
by ROCs will allow expansion of UK installation.
Offshore
Innovation (additional to ongoing turbine development) is mainly in installation and
operation. UK firms, both in wind development and the offshore engineering
industries are well placed to benefit if offshore developments expand. Expansion is
planned offshore in many countries. At present it is proceeding most rapidly in
Denmark and Sweden. The UK has development planned at sites in several locations.
Because offshore wind is relatively new technology risks are high. These risks are
accompanied by uncertainty in some aspects of energy market regulation and
renewables support policies. It is not yet clear whether the RO and capital grants will
lower the level of financial exposure to risk enough to attract significant investment
capital into the sector, at least in the short run. At present, the only companies
proceeding rapidly in the UK are large vertically integrated suppliers – financing
developments themselves and seeking ROCs to meet their own obligations. In
addition, there will be very large fixed costs involved in developing supporting
infrastructure for the offshore industry; over and above the capital costs of the
installations themselves. The payback periods will be long, and a long-run perspective
on both renewables policies and the wider regulatory environment is required.
Whilst the long term nature of the RO is a clear recognition of these issues, and is
proving to be important in this respect, greater clarity about the expected longevity of
other measures, such as capital grants, has also been suggested. This needs to be
accompanied by a greater willingness to accept long term issues in energy market
regulation. Overall, it is suggested that such profound shifts in energy supply require
‘perseverance, not pump priming’ in many aspects of energy policy.
Network issues are also important; actors expressed concern about future connection
charges, and how the costs of network extension will be shared.

4.3.1 Introduction
Wind energy has been used for millennia for a variety of mechanical loads. In this
section we discuss modern electricity generating wind turbines, with a particular focus
on large turbines (typically around 1 MW each) designed for bulk generation of
electricity for supply to local and national electricity grids. However we also note the
UK companies that make small (kW scale) turbines for offgrid applications, such as
yachts. The section breaks down where appropriate into two distinct categories of
large wind turbine application: onshore wind and offshore wind. The reason for this is
that although the technologies are broadly similar, (offshore devices started out as
adaptations of onshore designs), they now face different technical challenges, are at
different stages of market development and have different policy needs.
Resource/potential
There is no question but that wind resources world-wide are very large; accessible
onshore resources have been estimated to exceed worldwide electricity consumption
by a factor of up to four. The UK resource is significant, with a practical potential of
the order of 5-10 TWh per year onshore, but much larger if grid constraints in
northern Scotland and planning constraints throughout the country were to be relaxed.
The offshore resource is likely to be both larger and easier to develop once technical
hurdles have been overcome – though large-scale exploitation will require the
development of a substantial new industry. The theoretical resource available from
three offshore ‘strategic zones’ recently identified by the DTI could exceed UK
electricity consumption almost tenfold. Less than 2% of the sea area in these regions
would be needed to meet the Government’s 20% renewable electricity aspiration.
Technology
The ‘standard’ wind turbine design is a three-bladed, upwind, structurally stiff rotor
with passive stall regulation and grid-connected asynchronous generator requiring
high ratio gearing. These are slow moving rotors with low noise levels. However, as
wind turbines get bigger, the trend is shifting away from passive stall towards active
full-span blade pitching and variable speed operation.
Commercial onshore turbines are currently of the order of 1-1.5 MW rated capacity,
with 2 MW and larger for offshore developments. These turbines are extremely large,
with blade diameters of around 60-70 metres, and the machines stand on towers 100
metres tall.
Wind turbines have benefited from ongoing incremental innovation since the mid
1980s, and some of the benefits are listed below. The scope for innovation is far from
exhausted, but it is clear that wind energy is not at an R&D intensive stage of
development like, for example, wave energy, nor likely to go through the kind of
transforming innovations that we might see with next generation materials in PV.
Innovative effort is focused on the following areas at present:
• Meeting the challenges of moving offshore – reliability, reduced installation
costs and adapting to reap the benefits of the offshore environment (e.g. faster
turbines)
• Continued upscaling of offshore machines
• Variable speed operation and associated power electronics
• Improved blade design

22

•

At the research stage – floating offshore platforms, concentrators (that focus
the wind) and multi rotor turbines are amongst the options

Status
Wind energy is in many respects the most commercially advanced of the ‘new’
renewables (‘new’ excludes large hydro and traditional biomass). Around 30 GW is
installed worldwide, and the global market has grown at around 30% per year for the
least five years, and more than 20% per year in the last ten. Most current capacity is
installed onshore; around 250 MW is installed offshore at present, but this is set to
increase rapidly within the next ten years.
Markets are global, but the bulk of development has taken place in four countries:
Germany, Denmark, Spain and the US. Table 4.1 provides an overview of global
installation.
Europe 16,362
Germany

8100

Spain

3175

Denmark

2417

Netherlands

483

Italy

560

UK

477

Rest of western, central and eastern Europe
(includes Turkey and Russia)

1150

Americas 4543
USA

4240

Canada

200

South and Central America

103
Asia and Pacific 2162

India

1426

China

361

Japan

250

Others

125
Africa and Mid East 203

Egypt

125

Others

78
Worldwide total 23,270

Table 4.1. Operating wind capacity in leading countries and around the world (MW) (Wind
Power Monthly, Jan 2001)
Note: Growth in 2001 was around 5000MW or 40% on 2000. Total at the end of 2002 exceeded
30,000MW

As yet, there are no clear leaders in developing technologies to install turbines
offshore (although the existing turbine manufacturers are developing the turbine
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technology). Nevertheless, Danish companies are benefiting from the fact that
offshore development is proceeding more rapidly there than elsewhere (over 200 MW
installed, compared with 4 MW in the UK). Table 4.2 sets out wind installation plans
for six European countries.
Built

Planned/
Proposed

UK

4 MW

The recently auctioned Crown Estates sites would, if successfully
developed, lead to 1000–1500 MW. DTI is currently consulting on
the next round of development, which could add a further 2–3 GW
by the end of the decade

Denmark

212 MW

160 MW was installed at Horns Rev last summer. Work has started
on the second 160 MW, at Nysted, and another is expected to be built
this year. Plans for 750 MW by 2008, with a long-term aim of 4GW

Country

Plans to secure 25% of electricity from offshore wind by 2030, sites
equivalent to 10GW identified. Initial plans (sites with permits)
3GW. 500 MW expected to come on stream in 2003

Germany
Sweden

22 MW

175 MW under development, long-term potential ~ 3GW

Netherlands

19 MW

1500 MW by 2020, 240MW well advanced

Ireland

500 MW at planning stage (Arklow Banks). Long term aim not clear

Table 4.2. Offshore wind plans and prospects for six European countries

Policy
Wind energy is reliant upon policy support in almost all cases. Development onshore
has proceeded fastest in those countries where a supportive financial environment
(created through a range of higher tariff/special payment schemes and tax
concessions, see section 4) has coincided with a high level of public acceptance (or
lack of planning constraint). Publicly funded R&D support was important in the early
stages of wind development, and continues to play a supporting role. However it is no
longer the key driver for development - learning-by-doing in policy-created niche
markets predominates. Since costs are higher and technical risks larger, offshore wind
development requires additional measures. These take the form of higher tariffs,
capital subsidies or public-private joint ventures.
Onshore wind is now likely to be amongst the lowest cost low carbon energy supply
options. Offshore wind is likely to reach this stage within the next few years, provided
that costs fall as projected. However, without the support provided in the form of
assured niche markets onshore wind would never have been reached this stage.
Recent developments
The first electricity generation by wind energy was achieved around the end of the
19th century. The first modern ‘Danish concept’ AC wind turbine was built at the end
of the 1950s. Large aerospace and utility companies designed a number of megawatt
turbines in the early 1980s, but none resulted in commercially viable concepts, and all
of the companies left the area of commercial wind turbine development. Small
developers started developing and manufacturing much smaller machines in the mid
1980s, and developed along the path of gradual increase in size to what are now the
current commercial megawatt turbines. Over this period there has been immense
technical achievement:
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•
•
•
•

Over the last 15 years the annual energy output per turbine has increased 100-fold
Turbine rated capacity (for typical commercial machines) has increased from
55kW to 750 kW or more (the ‘standard’ wind turbine size for use in wind farms)
was about 300kW in 1985 and 1000kW in 1998)
Between 1995 and 2000 the weight of wind turbines per kW installed halved
Since 1997 the sound level has more than halved

However wind power still accounts for less than 1% of worldwide electricity
generation, and in some countries social and environmental constraints on further
development already appear to be emerging. In Europe, in particular, the potential to
move wind-turbines offshore appears to offer enormous potential for power
generation, but the technical and economic issues are only starting to be addressed.
4.3.2 Actors in the sector
Overview
The wind industry is currently composed of four main categories of company –
turbine manufacturers, specialist renewable energy developers, electricity utilities and
suppliers, and engineering and energy industry players – though there is of course
some overlap between these.
The picture is complex, but characterised by considerable merger and consolidation
activity, and the entry of several large ‘conventional’ players such Shell and GE.
At present there is a great deal of overlap between on and offshore wind, in terms of
the players involved in the industry, the leading countries and the UK actors. As
offshore wind develops it is reasonable to expect a more significant role for a new
category of industrial player – the large offshore and civil engineering firms.
However, as current offshore consortia are led by existing wind developers (including
utilities), both on and onshore wind are considered as one sector in this section. Since
the drivers of development are somewhat different, reflecting the rather more mature
status of onshore technology, we consider on and offshore wind as separate sectors in
the subsequent section on drivers.
Leading countries
Wind turbine development and manufacture is dominated by Danish and German
owned companies, with Spain, the US, Japan and the Netherlands playing a smaller,
but still significant role. Turbine component manufacture takes place in a wider range
of countries, including the UK. However, in spite of an early technological lead, the
UK plays a limited role in turbine development and manufacture. In spite of this, a
number of UK companies are important players in wind farm development and
operation worldwide.
Some of the leading international companies in wind energy are listed below (Table
4.2), the leading UK players (some of whom are also of international significance)
being considered in the following sub section.
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Company

Wind
industry
interests
Vestas
Turbine
manufacturer
General Electric Turbine
(buyer of Enron manufacturer
and
Wind)
developer

Comments

World’s largest turbine manufacturer, based in
Denmark.
One of the world’s largest corporations and suppliers
of ‘conventional’ power. Purchased Enron Wind,
March 2002, amid considerable fanfare. Enron’s
wind subsidiary was the one of the most substantial
and successful developer-cum-manufacturers, and
was not materially affected by the parent company’s
collapse. Manufacturing plants in Holland, US,
Germany, Spain. Recent offshore experience at
Utgrunden, Sweden.
Second largest turbine manufacturer, based in
NEG Micon
Turbine
manufacturer Germany. Developer of two of the most recent
offshore farms, both in Sweden.
and
developer
Bonus
Turbine
Major manufacturer. Supplied the turbines for
manufacturer Middelgrunden, DK
Enercon
Turbine
German manufacturers with largest market share in
manufacturer very large turbines, supplying turbines for the
Lillegrund development, Sweden.
Swiss based conglomerate named as lead developer
ABB
Component
supplier and of planned 600 MW farm off the Canadian Pacific
coast. Considerable experience in development as
developer
well as supplier of generating equipment. ABB
recently withdrew from turbine development.
Elsam A/S
Developer
Privatised Danish utility, considerable experience in
early Danish sites, developed Horns Rev – the
world’s largest offshore site under construction.
United Utilities Developer
Large US concern owns Hyder Renewables, a UK
Green Energy
based developer. Has rights to the Scarweather Sands
site, Wales, UK.
TXU Europe
Developer
Large US based international utility, aiming to be a
leader in renewables, US parent, in joint venture with
Offshore Renewable Resources Ltd.
Table 4.3. Some of the leading wind energy companies

UK Actors
UK companies play a substantial role as developers and operators, and there are also
several manufacturers of small turbines. The following provides an overview of the
leading UK-based companies active in wind energy.
AMEC Wind. Owned by AMEC Engineering, UK based multi-sector engineering
company, originally a civil engineering firm. AMEC Wind are developers, developed
Blyth offshore farm and several onshore developments.
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Offshore Wind Power Limited. Joint venture, established for offshore wind
development, between UK supplier British Energy and RES (see below).
Powergen Renewables. One of the United Kingdom's leading developers and owner /
operators of wind farms. Owned by Powergen Renewables Holdings Ltd, a joint
venture company owned 50% by Powergen UK plc, the utility company, and 50% by
the Abbot Group plc, the Aberdeen based offshore services provider.
RES (Renewable Energy Systems). Development, construction and operation of
wind farms. One of the largest developers in the world, global operation. 6 GW of
projects. Built world's largest wind farm 278 MW in Texas. Owned by Robert
McAlpine Group.
SPSystems Composite materials company. Offer design and development services
and manufacture of wide range of composite products – boats, racing cars and wind
turbine blades. Suppliers of blades to a number of the leading turbine manufacturers.
Cambrian Engineering. Manufacturers of towers, both direct to manufacturers such
as Vestas, Nordex, Bonus, NEG Micon, Enron, Lagerwey, DeWind, Turbowinds, and
to developers including Powergen, NWP, RES, Scottish Power and Amec Wind for
projects in UK, Eire, Europe, USA.
Mayflower energy. Subsidiary of the UK based Mayflower engineering group, is
developing the world’s first dedicated offshore wind turbine installation vessel –
under construction in China.
National Wind Power. Owned by UK utility Innogy (now owned by German utility
RWE), wind farm developer with largest number of UK developments, plus small
number in US.
Scottish Power. Vertically integrated Scottish utility that owns and operates both
transmission infrastructure and generating plant in Scotland. Becoming a significant
player in wind farm development and marketing in both the US and the UK. Eleven
established sites throughout Great Britain and Ireland and a further seven onshore
farms at the consultation or development stage, including a 240 MW site at Whitelee
Forest near Glasgow and a 120 MW development in Lanarkshire. Some offshore
interest.
Shell WindEnergy. Shell’s wind energy company, focuses on developing and
operating wind farms and selling ‘green’ electricity. Interest in UK offshore
development.
Garrad Hassan. Consulting engineers. GH has also developed three market-leading
wind energy products - BLADED for Windows – Wind Turbine Design Tool –
industry standard simulation package for wind turbine design and analysis, T-MON,
an integrated system for wind turbine condition monitoring, and WindFarmer
software for wind farm analysis, design optimisation and impact modelling.
Marlec. Manufacturers of very small wind turbines for battery charging and remote
loads - 60 W/250 W for boats and 750 W – 1 kW for remote loads.
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Proven. Manufacturers of small wind turbines for battery charging and remote loads
2.5 kW and 600 W machines. Downwind designs that operate in a wide range of wind
speeds, these machines are often seen on ‘green’ buildings.
MKW. Make the Gazelle 20kW turbine, designed for grid connected use but on the
customer's side of the meter, in applications such as farms, environmental
demonstrations and commercial premises. This turbine was one of the 1996 winners
of the Department of Trade and Industry’s SMART Award for Innovation, and MKW
was awarded a SPUR grant to develop the prototype.
The UK DTI has supported R&D in wind energy, as has the EPSRC and the EU Joule
and Framework programmes. DTI also provides grants for offshore development.
Regional Development Agencies, local councils and the devolved administrations
play an important role, largely through planning frameworks and decisions. The most
important aspect of UK government involvement is through legislative arrangements
to support renewables – both the Renewables Obligation and the Scottish and
Northern Ireland equivalents.
UK and overseas banks provide project finance for wind developments worldwide.
Notably, no UK offshore wind developments have received non-recourse financing to
date due to the perceived risk.
4.3.3 Drivers of innovation
Onshore wind
Wind energy is an international industry and both manufacture and development are
internationalised to a considerable degree. The main drivers for innovation in onshore
wind are the policies of several countries, most importantly the market support
schemes outlined above, but also R&D support – notably through the testing facilities
at the Riso laboratories in Denmark which are utilised by several industry players.
The main deliverers of innovation are the wind turbine manufacturers; as a result
innovation in turbines does not have a strong UK content. UK companies are involved
in blade design, development and manufacture, and UK companies have expertise in
site selection and characterisation, and in several aspects of development, including
grid connection. However, with most of the industry located overseas, the UK is not a
leading country in wind turbine development.
Many of the people interviewed in this sub-sector expressed the view that ongoing
development is primarily the preserve of industry, because wind technology is
relatively mature. This is not to suggest that there is no role for fundamental research
at universities or other dedicated research establishments, but, with the exception of
the testing station at Riso, no university research was highlighted by those involved in
the sector. Research undoubtedly exists, but is not the main driver for innovation. This
conclusion is consistent with what the literature on innovation systems would suggest
– onshore wind is at a stage of maturity characterised by learning-by-doing.
In spite of the relative absence of UK firms in turbine development, innovation in site
selection, development and grid connection is likely to continue to yield cost
reduction, and could generate competitive advantage for UK firms. For example, the
site characterisation software offered by Garrard Hassan is a world leading product.
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At least one UK developer plays a role in turbine development and cost reduction
through taking early versions of new turbine designs, and working collaboratively
with manufacturers from overseas. This highlights an important role for UK-based
innovation; in optimising the utilisation of leading turbine designs and in wind farm
development. All such activities have a strong role for learning-by-doing.
In the longer term, when intermittent renewable energy might begin to create
problems for electricity system operation, both managing intermittency on the grid
and energy storage technologies are likely to become increasingly important. UK
companies (Innogy, NGC) and UK universities (UMIST, Imperial, and others) are in
an important position in this area, with world leading research and products.
The largest and most significant aspect of UK support for innovation in wind energy
has been the UK renewables support schemes, the NFFO and now the Renewables
Obligation. The NFFO was particularly effective in driving down costs, as a
competitive bidding process was used to allocate fixed price contracts (the
competitive aspect was not seen in most other fixed price schemes internationally).
However, the UK’s schemes have not resulted in the scale of installation seen in other
parts of Europe and appear to have done little to nurture a domestic industry – at least
in turbine manufacture. Because ROC prices offer higher levels of financial support
than the last round of NFFO it appears that UK installation will accelerate – partly
because the higher prices mean developments can move into lower lying and less
intrusive locations.
Offshore wind
Perhaps the greatest challenge for UK policy, with a view to support for innovation in
the wind sector, is yet to come. Offshore developments have the potential to dwarf
onshore wind in terms of output and there is a widely held view that UK civil and
offshore engineering firms are well placed to benefit. As yet the offshore wind market
is small, with developments planned in the near future in several countries, and it
might be premature to begin to identify leaders. Nevertheless, while Sweden and
Denmark have both installed relatively large developments, UK developments are yet
to begin on anything like a commercial scale.
As with onshore wind, the main driver for offshore development is policy. However,
the technologies are less well proven, the marine environment is more challenging,
and there will be large fixed investments (indivisibilities) required to develop the
necessary infrastructure—in civil engineering, ships and installation technologies.
Thus policies will need to provide more support, over a longer term, than is needed
for onshore wind. Such measures take several forms. In some countries joint ventures
between monopoly utilities and specialised developers – often with public sector
underwriting – have taken place. The important feature of such ventures is that private
sector financial risks are reduced. In the UK, capital grants from the DTI are available
for offshore wind, as well as the generic renewables support offered by ROCs and
CCL exemption.
The main deliverers of offshore innovation are the companies involved in
manufacture and installation. Offshore wind builds upon successes onshore, and needs
to be seen in this context – unlike the ‘marine’ renewables it has not originated (for
the most part) from its own innovation/R&D pathway. Turbine development is
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concentrated in the same companies as for onshore wind. However, there is a
widespread view that the scope for innovative activity, and cost reduction, is much
larger in the installation and operation arenas than is the case for onshore wind. Note
that while turbines are around 50% of capital cost onshore, the proportion is more like
one third in the offshore environment. There is also scope for innovation in offshore
turbines that is unlikely onshore – much larger machines, too large to transport on
land, for example. As with onshore wind, the role of companies appears much more
significant than that of research institutions, though some prospective long term
developments – for example floating turbines – are at a research intensive stage.
It appears likely that offshore wind is about to enter an important phase of learningby-doing. Several interviewees made the comment that the next few years are likely to
prove highly important in determining whether offshore wind will prove to be a major
new energy source in the UK.
One factor that appears likely to have a profound influence on the development of
offshore wind is the extent to which the policy environment provides sufficient
‘comfort’ for prospective investors in the face of considerable risk. Because offshore
wind is a relatively new technology application technology risks are substantial –
there is uncertainty surrounding capital costs and technological performance and
output. UK developers also face a relatively new policy environment that entails a
degree of market risk – because ROC prices vary they do not offer the same degree of
investor certainty offered by fixed term NFFO contracts and feed in tariffs.
In spite of the concerns about ROC price uncertainty, the Renewables Obligation was
broadly welcomed – ROC price risks are not considered unmanageable. The issue is
more to do with whether, given a range of risks, it provides adequate support alone.
Several interviewees also expressed concern that the risks inherent to the policy
framework are exacerbated by perceived political risks; primarily the decision to
review the progress of renewables development in 2005/6, which has created a degree
of uncertainty. In addition, analysts argue that a firm target for renewables beyond
2010 – absent from the Energy White Paper – would improve the prospects for long
term investment by helping to ensure that ROC prices do not decline dramatically
post -2010.
As a result of several factors – ROC price uncertainty, higher than expected capital
costs (partly due to currency movements) and perhaps the uncertainty induced by the
2005/6 review – the only companies proceeding rapidly with planned offshore wind
developments are those that are vertically integrated with large electricity supplies.
The main reasons cited for this are that such developers are able to capture all of the
financial benefits that accrue from ROC sales, that such developments can be
financed off balance sheet, and/or that these large players are able to bear the cost of
early developments in order to gain the benefits of learning-by-doing. Other
developers would have to share some of the ROC premium with the suppliers that
purchase ROCs, in return for a bankable long term contract for ROC sales.
At present it is not clear whether developments will, in fact, proceed as planned with
the first round of offshore developments, since most of the consortia that hold Crown
Estates concessions appear to have placed construction on hold – for how long is not
clear. A related question is whether capital grants will continue to be required in the
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next round (currently being prepared for by DTI). Our interviewees suggested that the
grants (or some form of support additional to ROCs) will indeed be needed for some
time to come.
Longevity matters for two reasons: one is the scale of investment required in the
generation plant itself; the second is that substantial and ‘lumpy’ investment is
required in construction, ship building and associated industries. The long term nature
of these investments can be contrasted with the current focus of the regulatory
environment on short term costs. It was suggested that government needs to view
offshore wind development as a significant shift in UK energy policy, and one that
has the potential to add a substantial new tranche of electricity supply. Such a
development that will take time while technologies mature (perhaps a decade), even
to the level where ROCs are adequate to support it. Policy needs to be viewed in
terms of ‘perseverance’, rather than only short lived ‘pump priming’.
4.3.4 Knowledge creation and diffusion
Knowledge appears to primarily reside within and flow between companies – for
example developers and turbine makers. There is some knowledge flow between these
players and electricity system operators. There is a more limited interface with the UK
research community at present, largely because the bulk of innovative effort is either
in learning-by-doing or located overseas. A small number of specialist consultancies
play an important role in areas such as site selection, development and planning, and
environmental impacts.
4.3.5

Innovation system map for wind
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4.3.6 Partnerships
Partnerships between different developers, and between developers, manufacturers
and utilities, in order to plan and finance both on and offshore wind developments are
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common. As noted above, at least one UK developer has also collaborated with
turbine makers by taking early versions of new machines in order to provide feedback
and product development. The wind sector is not characterised by public-private
partnerships, at least in the UK. Industry university partnerships also do not appear to
be significant in the UK.
4.3.7 IP
IPR was not considered important in any of the wind related interviews. Wind energy
development is not highly dependent on invention, since learning-by-doing
predominates. This may be particularly true in the UK context, since turbine
development is largely carried out overseas.
4.3.8 International dimension
The wind business operates in many countries worldwide and companies operate
outside their home market, including those in the UK wind sector. Learning-by-doing
therefore takes place on an international basis. In spite of the entrance of some large
global companies – notably ABB, GE, BP and Shell – the majority of companies
operating in the wind sector are not global. Innovation is largely pushed forward by
companies within a relatively small number of countries – the leading countries
highlighted above.
4.3.9 Other system influences
Three factors appear to be important to the development of wind energy in the UK:
skills, the electricity infrastructure, and, with respect to the offshore resource, the
large fixed costs of setting up the civil engineering and installation infrastructure.
There is a shortage of skilled technical and scientific staff; this was cited as an
important constraint on wind developers in the UK. The most obvious cost imposed is
in training engineers to provide the specialised skills required by the wind industry.
Grid upgrading will be needed in the future – in the first instance in the form of
transmission grid spurs both to and beyond the coast for offshore development. In the
longer term, and depending on where wind farms locate, more widespread upgrades
could be required. This appears most likely to be needed if onshore resources
available in Scotland are to be exploited on a large scale. In spite of the requirements
for localised spurs, there are large offshore resources available where existing grids
are well able to accommodate such inputs. Some local distribution networks are also
likely to require adaptation if onshore wind is to play a larger role. With reference to
both these issues, ‘deep’ connection charges could stymie development.
NETA did most damage in the early months of operation. It is now much less
burdensome, and the balancing penalties for onshore wind are currently modest
relative to total income. In spite of this, with a view to development of the supporting
infrastructure for installing the offshore wind, it is important that regulatory policies
take a long-term view of costs and industry has sufficient incentives to undertake the
required investments.
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4.4

Marine (wave and tidal stream)

Summary of main findings
Innovation is focused on R&D moving toward demonstration, with several devices
either at or close to demonstration at close to commercial scale - albeit in small
numbers and in relatively small installations. The companies in the sectors are
predominantly SME spin outs – which undertake both project and technology
development. The UK is among the world leaders in all aspects of wave and tidal
technology development.
Despite some difficulties – such as IP issues that preclude close collaborations
between small firms and universities, and the complex diversity of funders – recent
R&D efforts appear to be getting results.
Much effort to date has been driven by RD&D programmes. However developers
place increasing emphasis on the value of support schemes that offer a small and
protected niche market to allow early demonstration devices to move into precommercial trials. The UK system would appear to have a number of emerging
problems in this regard:
-

There is a gap between existing RD&D programmes and the ‘near commercial’
support offered by the RO, which is not sufficient as technologies are high risk
and expensive

-

There is a need to get funding for this step up from outside DTI RD&D
programmes. This could come from private project finance, but at present this is
difficult as a result of the high risks – technological and market.

-

Partly as a result, some companies appear ‘stuck’ at the R&D stage, reluctant to
move into demonstration. This may also be because the spin outs concerned
have limited access to commercial expertise.

Policies that provide a small niche market have been tried in the UK – SRO 3 had a
wave and tidal tranche – with some success. Other countries are offering a dedicated
premium for these options and developers have responded. Another option would be
a dedicated capital grants programme. Whilst unit costs are high, installation levels
(and hence total costs) are modest. Policies of this nature could prove to be a useful
addition to the UK policy scene over the next few years.

4.4.1 Introduction
This section deals with marine technologies – wave power and tidal stream energy.
The section is not concerned with large estuarine tidal barrages – a mature technology
that shares much with large hydro technology. Offshore wind is also dealt with
elsewhere. Wave and tidal energy systems, sometimes referred to as ‘wet tech’,
convert the mechanical energy of a long or short cycle flow of water into electrical
energy, using a variety of mechanisms. Historically there has been more interest in
wave than tidal energy, though this balance is changing.
The reason for treating the two marine technologies together is that they are at a
similar stage of technological development, face a number of broadly similar
technical challenges and are both at a very early stage of market exploration. There is
also some overlap in terms of the actors involved in the innovation system. In spite of
the similarities there are clear differences, particularly when it comes to technical
detail, and where appropriate the sub-sections that follow are separated into distinct
wave and tidal parts. Where possible common themes and messages are drawn out.
Resource/potential
Wave
The theoretical wave resource is large, but assessment of technical potential requires
assumptions about devices that are still in a relatively early stage of development, and
more detailed mapping than has been carried out to date. Nevertheless it is suggested
that using current technologies, global technical potential is at least 2000 TWh/year –
around 20% of world electricity supply. Wave energy is largely immune to shortterm, local climatic effects. This means that the power output from a wave energy
plant can be accurately predicted at least 6 hours in advance.
Detailed assessment of the UK accessible resource has been carried out using the Met
Office wave prediction model. This suggests that the offshore resource is 600 – 700
TWh/year, the near-shore resource 100 – 140 TWh/year and the coastal resource
around 2TWh/year. With present day technologies and allowing for a number of
practical and environmental limitations this translates into a technical potential of
around 50 TWh/year – 1/6th of UK electricity consumption.
Tidal stream
Marine currents, generally in the form of coastal tidal streams, are also likely to
represent a large world renewable energy resource. However, the scale of the resource
has not been studied in any great detail, if at all, in many parts of the world. An EU
JOULE study of a number of possible sites in European waters (106 locations offering
natural concentration of tidal currents) indicated that at least 48TWh of electrical
energy per annum might be available. UK studies are rather inconclusive, DTI data
from 1998 suggest that the potential is rather modest – less than 20 TWh per year, but
more recent studies suggest that this may prove to be a considerable underestimate.
Overall, the resource is likely to be smaller than that for offshore wind and wave
energy, but has advantages in terms of predictability, and possibly, engineering
feasibility.
Tidal currents are entirely predictable; tides vary by day and month – one with a
period of 12.4 hours representing the diurnal ebb and flow cycle, and the other the 28
day spring-neap period. In UK waters the maximum spring current velocity is

approximately twice the maximum mean neap tide velocity. Thus times of peak
power vary from day to day and the amount of power varies throughout the month, so,
although these can be predicted, they may not coincide with peak demand.
Technology
Both wave and tidal stream sectors are characterised by a wide variety of
technological approaches. In order to provide an overview of the leading developers
and actors it is first necessary to list briefly the range of technologies being explored.
Wave devices may be classified by generic technology type. The classifications used
here include:
•
pneumatic devices, such as the oscillating water column, which use wave
motion to compress and decompress air, from which energy is extracted
•
float based devices which utilise a buoyant float moving with the waves,
reacting against a reference point such as a sea bed anchor in order to harness
energy
•
spillover devices which utilise wave height to replenish a reservoir of sea water
which then runs a turbine
•
raft type devices which use the relative motion of adjacent rafts or pontoons to
harness wave energy
•
moving body devices which actually articulate in the water in some way,
inducing motion which may be used to drive a hydraulic motor in order to
extract wave energy
Devices under development include:
•
Shoreline Oscillating water columns
- Limpet (UK) other devices in Sri Lanka, Australia, China, India, Japan,
Norway
•
Nearshore Oscillating water columns
- Osprey(UK), Sperbouy (multi-chambered) (UK), Mighty Whale (floating)
(Japan)
•
Spillover devices
- Tapchan (Norway), Wave Dragon, Wave Plane (Denmark) & Floating
Wave Vessel (Sweden)
•
Pneumatic devices
- Sea Clam pneumatic bag-type device (UK)
•
Float based devices
- Danish Wave Power Device, (Denmark), Bristol Cylinder (UK) Hosepump
(Sweden), Archimedes Wave Swing, IPS Buoy (Sweden) Sloped IPS (UK)
•
Moving body devices
- McCabe Wave Pump (UK), Pelamis (UK)
- Edinburgh Duck (UK), PS Frog (UK)
Almost all devices are currently at R&D or early demonstration stage. The shoreline
and near shore OWCs are for the most part closest to commercial deployment, float
based devices are already in use for niche applications such as navigation buoys, and
some spillover devices also appear highly promising in the medium term. The other
devices are still at the R&D stage, though some are more than others. More detail on
current costs and technological maturity is provided below.
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The most advanced form of tidal energy is large estuarine barrages, which are similar
to conventional hydroelectric power stations, except that they trap tidal, rather than
river, flows. A 240 MW device has been operational for many years in France and
there is a 48 MW device in China. Devices in several locations in the UK have been
proposed, the largest being the Severn Barrage concept. The technologies for such
devices are well established, but high capital costs and significant environmental
impacts have precluded further development. We concentrate here on the more
innovative concepts that harness tidal flows in the open ocean.
The traditional technology of marine current turbines is analogous to wind turbine
technology, only the turbines are located on the seabed. It differs from wind
technology in that:
•
Water density is higher than air density hence energy transfer is more efficient
•
Marine flow rates are generally much lower
•
They are not subject to extreme velocities from gusting
•
Most cases have a fixed orientation with direction reverse at each change of
tide.
These differences mean that the energy density is much higher than for wind energy,
but also the forces are much higher. Tidal stream turbines must have much sturdier
structural components than wind turbines, but for the same power rating they can be
about half the size. Weight is not a critical factor, so cheaper, heavier materials can be
used.
Two rather different approaches are also under development:
•
The venturi concept, that concentrates a flow of tidal energy in order to draw a
working fluid through a turbine mounted above the waterline
•
The stingray device, which consists of a tidal ‘wing’ which moves up and down
in the marine current rather in the manner of a whale’s tail.
The Stingray is currently amongst the most advanced of all tidal stream devices in the
world, with a demonstrator under test in Scotland. The only other operating device is
a small turbine in Australia. A related technology is the small rotor generators that
hang over the side of yachts, which already occupy a small commercial niche market.
Status
Wave and tidal stream applications are in their infancy and characterised by a small
number of demonstrations and prototypes. The last five years have seen considerable
progress in many countries. At present, the world’s installed wave capacity is about 2
MW, mainly from demonstration projects, and is expected to rise to 6 MW over the
next few years. Several companies are developing and deploying new devices that
represent a significant improvement over older concepts. Tidal stream capacity is
considerably less than 1 MW, but again, several new devices are scheduled to enter
the water as demonstrators in the near future. The industries are characterised by
small companies, mostly university spin outs. Several designs are being developed
entirely by the (public sector) research community.
Recent interest in both wave and tidal stream energy originates from the oil shocks,
when large R&D programmes were initiated in several countries, many involving the
(then) public sector utilities. For the most part these players have now abandoned
development and a relatively small number of countries continue to sustain an active
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interest in wave and tidal stream power. Overall, by comparison to wave power,
though, interest in tidal stream has been very limited. This may in part reflect the
rather less attractive resource availability. Interest in tidal energy is now increasing,
with a number of current projects to develop commercial scale marine current
turbines, funded by joint commercial/government bodies.
Policy
Several countries support R&D activities for wave and tidal, the main players are
listed below. Portugal and Ireland have also provided incentives for early commercial
trials – through small tranches of support that offer a high premium for power
generated from such devices (over €20/MWh in Portugal). UK policy is focused on
R&D, available through the DTI New and Renewable Energy Programme, with no
specific UK provision for early commercial trials. Scottish national authorities and
local councils have also funded demonstration facilities for wave power.
Recent developments
Wave devices that are currently operational or shortly to become so under prototype
or demonstration activity in the UK include: the Limpet shoreline OWC (Scotland);
the Osprey OWC (UK developers, to go into the sea off Ireland); and the Pelamis
(Scotland), all due to be installed this year. Further afield the Archimedes Wave
Swing (Dutch developers, to be trialled in Portugal) is awaiting deployment, the
McCabe Wave Pump (Ireland) has been tested on a pilot scale.
Tidal stream is for the most part confined to laboratory scale R&D. The industry
therefore consists of small research led companies and university groups. The notable
exception is the Engineering Business, an established offshore engineering company
whose Stingray device went into the sea off Northern Scotland. Another project,
launched in 1998 by Marine Current Turbines Ltd with support from the European
Commission, is developing a 300 kW rated system to be installed in Devon, UK.
Plans are also well advanced for another UK demonstrator, using the RVCo venturi
technology.
In Australia, a 2-3 kW prototype is being tested, moored in the Apsley Strait. If the
outcome of these tests is positive, a tidal flow generator in the 10-15 kW range is
planned. A variable pitch Darrieus type rotor is being developed by Edinburgh
University. This is still in the research stage.
Commercial marine current turbine technology already exists, albeit on a very small
scale. At least two products are made in the UK, both consisting of a small propeller
type rotor, about 50cm in diameter, which can be hung over the side of a yacht or
leisure boat. Similar products are believed to be made in other countries.
Latest costs for both wave and tidal stream devices are commercially sensitive. DTI
publications suggest that the costs of the first devices to benefit from UK support
measures (listed below), are higher than the price cap on the Renewables Obligation
(3 p/kWh, leading to a total value of around 5.5 p/kWh), but not substantially so.
Danish data suggests that commercial scale developments of existing devices would
imply costs in the 10 – 20 p/kWh range, though most of these devices should be
expected to come in at lower costs given economies of scale associated with
upscaling. A parametric cost model developed for the DTI suggests that costs for
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many UK devices would be below 10 p/kWh if deployed on a more commercial scale
(should this prove feasible). This suggests that wave devices are already at a lower
cost than the first stage of wind developments in the late 1980s. However, great
uncertainties remain – not least as to whether devices will function as hoped.
4.4.2 Actors in the sector
Overview
Wave and tidal stream devices are being developed in several countries (see below).
As discussed above, both wave and tidal sectors are characterised by small research
focused companies and university research groups which are dependent upon public
R&D funds at present, though some have used this to leverage private equity. Some
countries are starting to offer dedicated niche markets for wave and tidal energy, see
above.
Leading countries
Countries with active research programmes include the UK, Ireland, Denmark,
Norway, Australia, Sweden, the Netherlands, the USA and India.
The UK is amongst the world leaders; this would appear to arise primarily from
development of technical competence in this field in several UK university research
groups and, subsequently, in the infant industry that has emerged. If the UK has a
comparative advantage in the area of wave energy this appears to be based upon
technical factors rather than the UK’s wave resource base – though these factors are
obviously linked; interest in wave power emerged in response to the scale of the
potential resource.
Main players
A number of companies have reasonably well developed devices, including:
•
Wavegen (UK)
•
Ocean Power delivery (UK)
•
Du Quesne Environmental (Eire)
•
Danish WaveEnergy Development Ltd (WavePlane) (Denmark)
•
Hydam Ltd (Eire)
•
Ocean Power Technologies (USA)
•
Energetech (Australia)
•
Teamwork Technology (Netherlands)
•
Technocean (Sweden)
. And the cable to the offshore location is already in place.
Research institutions active in the area include:
•
Strathclyde University, UK
•
Edinburgh University, UK
•
Bristol University, UK
•
Imperial College, UK
•
Queens University, Belfast, UK
•
Riso Renewable Energy Labs, Denmark
•
Norwegian University of Science and Technology
•
Universities of New South Wales and Sydney, Australia

38

UK actors
The main UK innovation deliverers are wave - Wavegen, Ocean Power Delivery, and
tidal - Marine Current Turbines, the Engineering Business and Hydro-Venturi Ltd.
Several university research groups are also active in both areas – see above.
Most of the companies active in the marine sector are spin outs, for example Marine
Current Turbines was spun out of IT Power Ltd, a renewable energy consulting
company. By contrast, The Engineering Business, developers of the Stingray are not a
spin out, rather they are an established offshore engineering company (oil and gas,
cabling), that have entered the marine energy sector by acquiring a technology.
Wave and tidal stream energy have historically been funded through UK DTI and
EPSRC R&D programmes. The Carbon Trust, Scottish Assembly and Highlands and
Islands Enterprise have also made modest funds available for wave and tidal devices.
The third Scottish Renewables Order included a dedicated marine tranche; this
facilitates a flow of funds from electricity distribution companies to marine
developers. Several devices have benefited from EU Joule and Framework
Programme funds. The most significant source of funds is the DTI programme.
The private sector also provides funds, and venture capitalists, electricity suppliers
and other energy industry players have all provided funds for wave and tidal stream
projects.
4.4.3 Drivers of innovation
The main driver for development of both wave and tidal energy is policy which
influences the application of R&D funds. Both are able to draw on broadly the same
sources of funding, and share much in terms of the engineering challenges, and policy
barriers and opportunities which they face. We therefore deal with both marine
technologies in this section. Marine energy has three main sources of funds:
• National government and EU grants for R&D and demonstration
• Renewables support schemes that offer premium payments for renewable
electricity
• Private equity
In addition to policy (or augmented by it), many developers were originally motivated
by a sense that there will be markets for low carbon technologies, and that wave and
tidal stream devices are promising but undeveloped options that they could play a role
in commercialising. In some cases this is rooted in a general interest in solving a
number of energy-environment problems. One interviewee pointed to his desire to
apply his engineering skills to a problem that “matters”.
Assessments of the viability of wave energy (and other options) undertaken for the
DTI and other bodies by consultancies and research groups (notably AEA
Technology) influence spending decisions by public sector funders.
All UK based schemes that have well advanced prototype or demonstration devices
have benefited from DTI grants under the New and Renewable Energy Programme. It
is notable that such funding was withdrawn from wave energy in the period 1992 –
1998, as wave was deemed too far from market. Over the last five years since support
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was resumed there appears to have been considerable progress – several leading
designs are now at the demonstration stage. It is also notable that although wave
energy research does not have a specific allocation from this budget earmarked for it,
total budgets have been steadily increased in recent years and a large share is now
devoted to wave and tidal steam schemes.
The decision to include a technology tranche dedicated to marine renewables in the
third Scottish Renewables Order (SRO 3) was cited as a major driver for a more
commercial approach to technology development. It was also key for companies in
securing venture capital. Currently there are three concepts with support from SRO 3
contracts – the Limpet, a shoreline OWC developed by Wavegen and operational in
Orkney, the Pelamis, developed by Ocean Power Delivery and scheduled to enter the
water this year and the IPS Buoy, a Swedish design. These schemes undoubtedly
allow developers a revenue stream on their demonstrators. However all are also
dependent on R&D grants.
The main point that emerged from the interviews and workshop appears to be that
current policies do not provide an appropriate ‘bridge’ between existing R&D
programmes and the near commercial support offered by the Renewables Obligation
Certificates (ROCs). As yet no schemes would benefit from ROCs as all have SRO
contracts. But new developments that aim to benefit from ROCs appear unlikely
because the RO is technology neutral, and suppliers are under statutory obligation to
secure ROCs, so developers are highly unlikely to pursue a project based on
technologies that are unproven, costly and carry a perceived high technological risk.
If developers were to attempt to move beyond the current stage of relatively small
single unit demonstrators and develop small multi-unit arrays – the next step (and it is
notable that modular progressions like this have delivered rapid learning-by-doing in
other sectors) – then just one array could absorb all of the current DTI R&D budget.
Clearly some means to fund this step must be found if marine technologies are to
move out of the R&D stage. It was also suggested that, because funding will stop
once R&D is ‘finished’, companies may face a perverse incentive – further R&D
funds may well prove forthcoming if developments fail; at least to the degree that
companies can demonstrate progress but ‘more research needed’.
Options for overcoming this gap in the UK’s innovation support include targeted
capital grants and a dedicated band of some kind within the RO, offering a higher
price premium – double ROCs/kWh was suggested by one interviewee. Capital grants
would have the benefit of ameliorating a proportion of project risk, which may assist
developers to raise project finance. Since the benefits of future revenues from
electricity sales are discounted, quite large increases in price premium per kWh might
be required to have a similar effect. Other countries, notably Ireland and Portugal, do
offer support dedicated to wave energy, restricted to a modest amount of capacity (10s
of MW). Several interviewees referred to the danger that the industry would ‘migrate’
to countries with more supportive policies.
A second point raised about UK drivers relates to the type of company attracted by
the incentives offered by R&D programmes. For the most part these are small spin
outs, research-led and with limited access to commercial expertise. It was noted that
the Engineering Business, an established and relatively offshore engineering
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company, appears to have been more successful in turning R&D funding into a
working prototype than most of the other companies in the sector. It was suggested
that attracting a larger number of more established companies into the sectors could
improve the prospects for successful development. However, the amounts of money
involved at the R&D stage, and the modest grants available, might militate against
this.
The proliferation of funders for renewables was cited as a hurdle for small companies
attempting to develop new technologies. It can lead to confusion, and securing
information about who funds what is time intensive. EU programmes in particular
were criticised for the complexity entailed in securing funds and the requirement for
partners in other parts of Europe – such that one wave company expressed the view
that they “did not bother with EU funds at all”.
Finally, it was argued that the UK industrial base, which includes a significant
number of ‘high knowledge’ industrial engineering companies, is well suited to the
development of marine technologies – which face engineering rather than basic
science challenges. This has assisted development significantly.
4.4.4 Knowledge creation and diffusion
Knowledge creation is very much the preserve of the companies involved in
technology development, interfacing with two repositories of background knowledge
– existing specialist engineering firms and universities. Historically the link with
academia is strong; most devices have their roots in university research. However,
direct flows of current knowledge from the university sector appear to be stymied by
IPR issues, (see below).
Information flows from the developers to DTI (and hence public domain) in return for
R&D funding. Information also flows to investors and to the wider R&D community.
The decisions of the policy community also appear to influence private sector funders
– with SRO 3 encouraging the provision of venture capital for example.
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4.4.5
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4.4.6 Partnerships
One UK developer commented that partnerships with overseas companies are often
useful; though tend to focus on standards and generic barriers rather than technology
exchange. Partnerships between UK companies developing technologies are limited,
largely because such companies are direct competitors. The European Wave Energy
Thematic Network was established under the auspices of the European Commission's
Energy, Environment and Sustainable Development Programme. However, the
efficacy of this fund in promoting wave energy development is difficult to assess. It
may be that this initiative is victim to the same perceived bureaucratic barrier to EU
funds described above.
Whilst several companies have clear links with the research communities from which
they were spun out, the increasing desire of universities to retain IP rights was cited
by one interviewee as an obstacle to university-industry partnerships. The same
interviewee commented that the most important form of partnership is between
developers and the wider engineering industry.
4.4.7 IP
IP is important to wave and tidal companies; many actors, including university
research groups, hold patented designs. But it is not an over-riding driver of
development and activity. In part this stems from the view that development is ‘more
about know how than patentable widgets’. However, it may also reflect the fact that
the patent system is seen as cumbersome for small firms, and the view that releasing
detailed designs via patenting simply provides ideas for competitors. The increasing
‘IP savvy’ of universities was criticised for tending to discourage university-industry
collaboration – as described above.
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4.4.8 International dimension
Developments are proceeding on a worldwide basis, with some sharing of ideas and,
on occasion, test facilities between countries. For the most part, however,
development work on the ground has been undertaken by small teams working within
individual countries. International cooperation has taken place, but also largely on the
basis of small teams drawn from countries collaborating on specific projects. The
research effort has been led by the public sector and cannot be said to be ‘globalised’
– in the manner of fuel cell research for example. This reflects the general lack of
involvement from multinational companies.
4.4.9 Other system influences
Since DTI criteria are used to assess the eligibility of schemes for research funds this
is an important influence on developers. Grid connection requirements and costs also
influence site selection and the design of equipment. In the long term it is likely that
grid constraints – or conversely the willingness of policymakers to impose the cost of
substantial upgrading on consumers – could have a profound impact on the
development of marine technologies.
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4.5

Solar Photovoltaics

Summary of main findings
The innovation system for PV is focused around two broad areas: ‘conventional PV’,
based on crystalline silicon and existing thin-film technologies, and ‘novel PV’, based
on novel photoactive materials and systems, such as organic solar cells.
The UK remains a small player in the rapidly-expanding global PV market (installed
capacity growing at 20 to 25% per year), and there is only fragmented representation
by UK companies in the international PV development, supply and installation chain,
with relatively weak industry networks.
The conventional PV innovation system is based on the adaptation and application of
proven technologies under existing UK policies and incentives. Innovation is
primarily based on ‘learning-by-doing’ and incremental systems development, which
is driving down systems costs. A small number of UK installer/developers companies
have emerged over the last five years supplying supported commercial markets, such
as building-integrated PV, and some niche commercial markets, such as ‘street
furniture’. Innovation in ‘balance of systems’ items – such as solar roof tiles and in
architecture – is also important, and is driving activities in several UK installation and
application companies.
Innovation in novel PV is at the basic and applied R&D stage, and a number of UK
universities have active research programmes, reflecting technical interest amongst
the research community. Significant levels of both industry and government funding
are provided for novel PV. The goal of this research is to achieve much lower cost
electricity production, allowing expanded or new markets to be accessed both in the
UK and abroad.
Innovation is thus being driven by expectations of large future markets, particularly
overseas, and through technology push by R&D for next generation technologies.
Different stages of the innovation chain are not well-linked within the UK, though this
is somewhat offset by UK companies being well plugged into international supply
chains.
Policy support for market creation, through capital grants programmes, pro-active
support from Ofgem, and building and planning regulations, is seen as critical to the
future development of the UK PV industry, together with the need for a stable, longterm policy framework.
The Major Demonstration Programme of capital grants is seen as an important step
forward, though aiming at less than 2000 properties at a cost of £20 million, it is much
smaller than comparable programmes in Japan and Germany.

4.5.1 Introduction
Photovoltaic (PV) devices operate through the creation of a flow of electrons from
light falling upon a semiconductor. They are distinct from other solar devices, such as
solar water heaters or solar furnaces, which collect, store and utilise thermal energy
derived from the sun. This assessment does not cover the latter field of innovation.
PV can be used to generate electricity in either off-grid or grid-connect mode. PV is
already cost-effective in areas of the former, but its potential is constrained - either by
market size (in the specialist applications and consumer products market segments) or
by difficulty in raising finance (in rural infrastructure applications). In the gridconnect market, of which building-integrated PV (BIPV) is a key sub-segment with
huge potential, the issue is primarily one of driving down costs.
PV (as for other micro-generation technologies) differs in four key respects from large
scale technologies; such as conventional power stations:
• cost-reduction is driven primarily by economies of production as opposed to
economies of scale
• there are associated distribution cost savings
• the technology is being sold direct to the ultimate consumer and, as such, it is
competing against the retail price of electricity as opposed to the wholesale price
• there can be an additional value component to the sale (e.g. brand/image
enhancemernt, reinforcement of deep personal beliefs, dual use as a building
material)
The PV panel itself , however, is often less than half the cost of the total system, with
balance of system items (e.g. inverters, power-point trackers) and installation making
up the rest.
PV is associated with the high technology end of renewable energy technologies and
innovation is occurring in a broad range of areas from fundamental materials research
to developing integrated implementation and monitoring systems. PV is one of the
best known renewable energy technologies and has achieved significant cost
reductions over recent years; however, in spite of receiving governmental
development funding both in the UK and elsewhere over a number of decades, it
remains one of the most expensive methods of producing electricity.
Resource/potential
In a review of the potential for renewable energy technologies in the 21st Century in
the UK, ETSU estimated the technical potential for BIPV to be 266 TWh/yr. This
estimate was calculated by modelling predicted electricity generation from PV panels
placed on all domestic and non-domestic buildings considering all orientations.
However, those receiving lower insolation (e.g. north facing or shaded) would only be
available at a significantly higher cost. When limited to the possible rate of PV
uptake in new buildings, a practical potential of 37 TWh/yr was calculated.
UK government analysis suggests that the costs of PV could fall from more than 70
p/kWh (£194/GJ) to 10-16 p/kWh by 2020 and 6–10p/kWh (£16.7 to 2.8/GJ) by 2025,
(UK latitudes) which would greatly increase the economically accessible market.
These projections were based on the historic learning and diffusion rates for the
technology; ‘breakthrough’ innovations could accelerate the trend, or even lead to a
step change in costs.
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Technology
Current PV devices fall into two generic categories - crystalline wafer and thin-film.
The former are produced in three main steps. Firstly the semiconductor materials are
cast or extruded (depending upon the technology) and cut into wafers. These are then
processed into individual working solar cells. Finally, the cells are assembled into
modules, with casings and frames. Crystalline silicon PV dominates the market and
incremental improvement in cell efficiency, materials (e.g. thinner wafers) and
manufacturing process (e.g. automation) have brought about steady cost reductions.
There is further potential for incremental improvement but dramatic costbreakthrough are unlikely as the technology is relatively mature. Silicon availability
continues to be an issue for the PV industry with many manufacturers now having to
use more expensive semi-conductor supplies and this could constrain growth (or
adversely impact prices).
Thin film devices are produced in one continuous process where thin films of semiconducting material are deposited onto glass and, after a sophisticated back-contact
process, are physically sealed for protection and given casings and frames. Thin films
such as amorphous silicon, cadmium telluride, copper indium di-selenide have
traditionally been seen as the disruptive technology which will drive prices down
dramatically. They use minimal amounts of active materials (so no supply-related
problems) and the whole process is inherently more amenable to mass production.
However, getting the process out of the laboratory and into the production line has
been difficult. Yield and quality have been difficult to control and have held back a
price breakthrough. The most developed of the technologies (amorphous silicon) has
a relatively low efficiency of ~6%, whereas the higher efficiency technologies
(cadmium telluride & CIS, ~10-12%) are less well-developed and have some residual
concerns over the environmental toxicity of the materials used. There is still
significant potential for technology stretch.
Regardless which PV device is used, the modules are then integrated into arrays and
connected electrically according to the precise requirements of the application. A
primary aim in the development of all PV devices has been to increase the efficiency
of converting solar radiation to electricity per unit area, while at the same time
lowering the costs of production and installation. This can occur by making
incremental improvements at specific points throughout the system to optimise
performance for a given semiconductor technology. In parallel, there is a drive to
develop cheaper balance of system components and new market products. A second
approach is to develop cheaper (or more adaptable/flexible, or more production-line
friendly) photoactive materials either by novel production methods or through
changes in composition. A third approach is to use concentration equipment, where
the higher efficiency offsets the higher overall costs of implementation.
By
separating the first of these from the other two approaches, two distinct PV innovation
systems can be identified:
•

Conventional: systems based on crystalline silicon or thin-films, which are
currently being installed in the UK and elsewhere under market or ‘assisted’
market conditions. Examples of innovations include:
- Triple-junction amorphous
- New manufacturing techniques which automate production e.g. using robotics
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- Product integration, e.g. PV-specific water pumps, communication and
lighting products
- Balance of System product development
- Achieving higher efficiency per installed kWp (both in terms of more efficient
modules and more efficient energy conversion devices) and Thyristor-based
DC power sharing between large banks of grid-tie inverters
- Demand-side energy reduction e.g., LED lighting
- Wireless PV (avoids junction boxes, bypass diodes, and DC cabling).
•

‘Novel’: based on new materials and systems which are almost exclusively at the
R&D stage of development, such as organic dyes and thermo-tolerant
concentrator devices. Examples of innovations include:
- Spherical crystalline- originally developed by Texas Instruments in 1990s
- Dual-string extrusion (Evergreen Technology; USA)
- Optical concentrators with precise solar trackers e.g. Ammonix

Status
PV has been characterised by dramatic cost reductions - but still has a long way to go.
PV supporters point to the rapid learning rate to predict that PV will be competitive in
a broad range of markets in the not too distant future and that PV is already
competitive in niche markets such as remote small islands in mid latitudes. However,
there is some evidence that the rate of innovation has decreased and the learning curve
may have flattened over the last few years (possibly due to increased difficulty in
sourcing cheap silicon feedstock for crystalline devices, coupled with production
difficulties on thin films). The implications for a shallower learning curve are
twofold: i) the overall accessible resource is likely to be lower than previously
predicted at a given cost, and ii) the balance between capital and R&D funding may
need to be re-assessed.
Projected gains from learning-by-doing in both the scale-up of manufacturing and the
increasing size of single project installations are likely to be insufficient in themselves
to allow PV to compete directly with existing large scale conventional or renewable
electricity production technologies. Therefore, PV proponents have concentrated on
highlighting: i) the potential step-change technology developments in the thin film
and novel sectors that are likely to significantly reduce costs in the future, and ii) the
perceived flaws in existing markets that discriminate against small-scale decentralised
electricity production technologies by distorting the economic framework to favour
large-scale centralised generation and distribution.
Globally, the PV industry has been growing rapidly over the last two decades and
now has an annual market size of between US$3 to 4 billion. In total since 1995, over
700 MWe have been added to the installed capacity which is now about 1 GWe,
representing a growth rate of 20 to 25% per year. The rate of growth continues to
expand, according to Solar Buzz (www.solarbuzz.com) with over 430 MWe being
sold in 2002 alone. Four companies i.e. Sharp, Kyocera, BP Solar, and Shell Solar,
account for more than 50% of production of solar cells. This growth has been
dominated by a very rapid expansion in the grid-connect sector with off-grid sales
remaining relatively static. Japan remains the world’s dominant producer and source
of demand supplying nearly 45% of global PV products and accounting for 30% of
demand. Japan and USA dominate global production accounting for over two thirds,
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but unlike Japan most of the US production is for export. Germany is a major
emerging source of demand which has been almost entirely stimulated by new
government policy to promote renewables (see below).
The UK remains a small player in the global market with an annual market size of 610 million, depending on off grid inclusion. Large-scale PV systems (>10 kWpeak)
are rare, but examples are beginning to occur in the UK, such as the recently
completed 106 kWp amorphous PV installation at the Alexander Stadium in
Birmingham, installed by Solar Century. This project was installed at just under
£4/Wp, but smaller systems which are typically <5kWp and are often installed on
single dwellings, are likely to cost more at typically £10-20/Wp.
UK policy affects the PV sector primarily through the supply of funds to DTI and
EPSRC to run the PV-specific R&D and capital grants programmes respectively. The
sector is also strongly affected by Ofgem in both its stated policy and position on
encouraging or even forcing network operators and suppliers to allow small
distributed intermittent generators to connect to the grid.
Internationally, the market for PV (grid-connected distributed) has been dramatically
stimulated by national programmes in Japan and Germany with their 70,000 and
100,000 roofs programmes, respectively. In Germany a key part of the programme
has been the ‘feed-in Law’ which guarantees a premium price for PV customers who
receive up to 48.1 € cents/kWh, with the overall aim of installing 1,000 MWe by the
end of 2001.
The recently announced UK capital grant scheme is much less
ambitious, aiming at less than 2,000 properties and costing £20 million. This scheme
is run by DTI but managed by EST.
The most recent substantive development in the UK PV sector over the last five years
is the emergence of a clearly defined installer/developer group of companies. Their
aim is to innovate in the product development and installation process so that the
market in the UK develops to the point of being self-sustaining without capital grant
schemes. Even so, there appears to be a consensus that continued support will be
necessary for many more years either in the form of capital grants or through marketbased instruments such as a green electricity supply premium.
4.5.2 Actors in the sector
Conventional PV
Overview
These PV devices may be classified by the physical form of the cell matrix e.g.:
• crystalline (average efficiency ~15%)
• thin film (average efficiency ~6% for the dominant technology – amorphous
silicon)
There are two basic types for the former:
• Mono-crystalline silicon
• Poly-crystalline silicon
And several for the latter:
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•
•

Amorphous silicon, cadmium telluride, copper indium di-selenide
Hybrid – combining amorphous with crystalline

Apart from developing a new process for the production of dedicated silicon for
crystalline PV, innovation in this area is primarily based on ‘learning-by-doing’ and
incremental systems development. There is, however, continued scope for cost
reduction in the balance of system equipment (inverters, supporting structures,
metering, etc), in producing the cells in formats which are both easier and more
reliable to install, and in developing new market products. These include:
• BIPV e.g. solar tiles, glazing, etc
• Modules and PV related products, e.g. maximum power point PV controllers
• Street furniture (street lamps, bus shelters, parking meters, road signs, etc)
Building-integrated PV is an area where the UK could achieve a significant technical
expertise. PV can be integrated into roofing tiles, facades, cladding and shading
materials, or mounted on the building as a separate unit. The advantages include its
ability to be used in urban areas, its highly modular and distributed nature and its low
maintenance needs. There is significant research and industrial interest in buildingintegrated PV in the UK and elsewhere.
Leading countries
Leading countries in this sector are the main producers and centres of demand e.g.
Japan, USA, Germany. Large international companies play a critical role in the
development of the PV industry including:
• BP Solar (primarily Australia, India, Spain, USA)
• Evergreen Solar Technology (USA)
• Isofoton (Spain)
• Kyocera (Japan)
• PowerLight (USA)
• RWE Schott Solar Gmbh (US and Germany)
• Sanyo (Japan)
• Sharp (Japan)
• Shell Solar (now includes Siemens; US and Germany)
• Solarworld (Germany)
UK actors
It is clear that there is only fragmented representation by UK companies in the PV
development, supply and installation chain. The only UK upstream supply chain
company for crystalline PV is Crystalox. This company supplies multi-crystalline
silicon ingots to PV-cell producers around the world, predominantly Germany and
Japan, having spun out of Oxford University in the 1960s. There are no crystalline
cell production or module assemblers currently active in the UK. The only UK
production company, Intersolar, produces thin film PV panels/products and was
recently bought by the Canadian company, ICP Global, after running into financial
difficulties arising from scale-up problems. Module manufacture is now back in full
swing and this activity will continue to benefit from existing UK grants from the
DTI. Companies active in the downstream conventional PV sector in the UK include:
• BP Solar
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• Dulas
• Solar Century
• Sundog
• Romag
• Whitby Bird
• Wind and Sun
In addition, there has recently been interest in PV from a number of high profile UK
architects, including Norman Foster, Nicolas Grimshaw and Richard Rogers, although
activity in this area has tended to be one-offs.
The ‘novel’ PV sub-sector
Overview
This sub-sector focuses on the development of novel photoactive materials and
systems which include:
• Dye-sensitised (>10% efficiency), organic (~3% efficiency) solar cells and
quantum wells (>20% efficiency).
• Concentration technologies: large scale demonstration e.g. smaller scale Gallium
arsenide based PV cells (~30% efficiency).
The dye-sensitised technology was originally based on mimicking the biological
process of photosynthesis and was pioneered by Michael Graetzel in Switzerland over
two decades ago. Cells based on organic dyes are potentially much cheaper and able
to work at lower light intensities than silicon-based cells. However, being liquid
phase they are more prone to damage and leakage and so product life may be shorter
and less reliable than silicon based systems. They also have significantly lower
efficiencies than conventional silicon-based PV modules with the best systems
currently around 3% efficient. Concentration-based devices also have a relatively
long history with the earlier and larger thermal devices often using conventional
steam cycles to produce electricity. More recently, thermo-tolerant photoelectric PV
cells have been developed with much higher efficiencies (~30%) but which only
achieve these efficiencies under very high light intensities, therefore requiring solar
radiation concentrating devices to work.
Leading countries
Leading countries in this sub-sector include Japan, Germany, Switzerland, USA and
more recently Australia.
UK actors
Research is active in novel areas in PV cell development in at least seven universities
in the UK, including novel construction methods and materials, the use of organic
dyes, high temperature PV and concentrators (see below).
Leading universities and institutes with research activities in this area include:
• Cambridge
• Imperial College London
• Loughborough (CREST)
• Reading
• Salford
• Sheffield Hallam
• Southampton
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4.5.3 Drivers of innovation
Overall, the dominant drivers for innovation include:
• Current and perceived future market demand for PV applications
• Competitive activity which sets benchmarks for cost and performance
• Funding availability, including:
- Government provided R&D funding e.g. EPSRC
- Private sector funding for R&D in public institutions e.g. Universities
- Company internal R&D funding (e.g. Crystalox)
- Government capital grants to support deployment
The relative importance of these and other subsidiary drivers vary for the two
innovations systems as described below.
Conventional PV
Capital grants are seen as critical to the future success of the industry both in the UK
and abroad. For the installer/applications developers, capital grants have a direct
impact on their ability to gain market share and on the overall size of the market by
bringing down the up-front installation costs as paid by the customer. This influences
the rest of the supply chain by sending signals about required system and component
costs. Personal commitment to helping the environment were seen as entirely
subsidiary to commercial survival. The stability of the policy framework that
provides grants is also important for companies that must make long term decisions
about capital expenditure programmes.
Novel PV
The wish to be involved with the development of environmentally friendly and
potentially sustainable forms of energy provision was cited by some researchers as a
basic motivation. Underlying much innovation in this area is the goal of achieving
lower cost solar energy conversion, which would lead to a greater market opportunity
for the resulting PV applications. There is some direct commercial influence over
research activities. Forexample, Venture Capital tends to be focused on designed
solutions, either on grid (e.g. the C21 Roof Tile) or off grid (such as those being
developed for UK street furniture). Interestingly, private funding this was seen by one
interviewee as having advantages over public sector funding as it offered more
flexibility with fewer strings attached.

4.5.4 Knowledge creation and diffusion
Conventional PV
Knowledge is created primarily through in-house activities by companies at all levels
of the supply chain. The focus is on reducing costs through better / more efficient
products which are easier to install and more reliable. Secondly, knowledge creation
is aimed at broadening applicability through novel products which push the
boundaries of existing markets or allow PV to penetrate new markets. Protection of
IP derived from knowledge creation was seen as critical in order to maintain market
advantage.
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Novel PV
Knowledge creation and sharing were seen by the interviewees as very important
aspects in this field of research. Interestingly other groups working in the same field
were seen by one interviewee as competitors for funding if based in the UK but
potential collaborators if based abroad.
4.5.5 Innovation system maps
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4.5.6 Partnerships
Active partnerships were reported by the interviewees in both of the PV innovation
systems but in the conventional system they were only considered where the
partner(s) brought new areas of expertise that allowed new products to be developed
allowing access to new markets. Protection of IP remained very important but is
carried out through non-disclosure and confidentiality agreements and only
occasionally through patenting.
4.5.7 IP
Although generating IP is regarded as important in both sub-sectors, protecting IP
through patents was almost universally regarded as ‘difficult’ or at worst ‘counterproductive’ by the interviewees. Difficulties in obtaining patents arise because of
problems in generating clear descriptions of the IP, the costs involved and the
complexity of sharing IP between partners in collaborative research programmes.
There was relatively wide-spread agreement that most patented IP in this field could
be “got around” and therefore in patenting IP it simply publishes new ideas to the
competition. For the commercial companies IP is generally protected through secrecy
or through confidentiality and non-disclosure agreements.

4.5.8 International dimension
The international dimension of PV innovation is regarded very differently between
the UK-based actors, based upon their position in the innovation chain. The market
for Crystalox’s products (silicon ingots) is entirely based abroad and therefore their
outlook is international, although there is a reluctance to move to more favourable
locations, primarily for historical reasons. Solar Century aims to establish a strong
UK market base for its products before expanding abroad, although it gains a
significant amount of its funds from abroad and its main investor is based in
Switzerland. Meanwhile, primary research work in the UK draws upon a global
community of researchers and ideas.
4.5.9 Other system influences
Whilst R&D and capital grants are welcome, as are premium pricing schemes, long
term stability from government policy and proactive and favourable regulation
through Ofgem were regarded as more important by the installer/developer
community.
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4.6

Biomass Energy

Summary of main findings
Distinct UK biomass innovation systems have been identified, relating to the
production of heat and electricity, and the production of transport fuels. The two
systems have resources and conversion technologies in common, but are distinct in
terms of end-user demand, and policies affecting them. In both systems, the UK has
some actors in all stages of the supply chain, but there is also significant involvement
with overseas conversion technology developers.
For heat and electricity production, there are existing projects, mainly using
combustion. This is a commercial technology, in which the UK has leading
technology players, and the technology and market risk is relatively low. Policy
support has been and is directed at combustion systems, but has tended to favour
potentially more efficient and cleaner advanced technologies such as gasification and
pyrolysis. Innovation is focused on the development of these technologies, which are
at the demonstration stage but are commercial in niche markets.
For transport fuel production, there is some UK R&D, but little commercial activity.
There has been little technology push or market pull, though EU legislation on
biofuels, pressure for agricultural diversification, and the interest in the UK market
from overseas technology developers may change this.
Demonstration and early commercial biomass technologies suffer from high levels of
technology and business risk. This is exacerbated by a lack of understanding and
knowledge flow throughout the innovation systems.
Risk could be reduced through long-term integrated policies and coordinated support
along the supply and innovation chain. Support for conventional feedstocks and
technologies could allow for gains in confidence and supply chain experience. Current
and proposed policies aimed at renewable electricity and transport fuels may lead to
greater market pull. However, it is not clear whether the RO and other current
incentives are sufficient to provide a bridge between conventional feedstocks and
technologies, and energy crops and advanced technologies.
Knowledge flows are currently not adequate to provide the policy, technology,
finance and demand communities with understanding of, and confidence in, the
economic and environmental implications of biomass systems. UK industry networks
provide some information, but most novel information comes from overseas. There is
very limited interaction between universities and industry, and a lack of strategic
direction in research, though this is improving. Industry learning (e.g. from the failure
of ARBRE) would reduce future risk. Partnerships are not common, but have been
fundamental to the development of some projects.
A critical mass of both biomass R&D and demonstration projects is needed to
stimulate successful innovation and commercial development. Demonstration projects
would allow learning-by-doing and improving the commercial viability of biomass
fuel chains. The projects recently funded under the Bio-Energy Capital Grants
Scheme should provide an initial stimulus.

4.6.1 Introduction
Biomass energy has long been used for heating and cooking and more modern
applications include heating, electricity and production of transport fuels. The
potential of biomass energy worldwide is very large, however its contribution to
primary energy remains small in most countries. The biomass energy industry is
international, although the resources available vary regionally, and biomass energy is
diverse in terms of resources, conversion technologies and end-uses.
Resource/potential
Biomass is available in a variety of forms and is generally classified according to its
source (animal or plant) or according to its phase (solid, liquid or gaseous). Generally,
biomass energy can be derived from the following sources: dedicated plantations;
residues from primary biomass production; and by-products and wastes from a variety
of processes. There is a wide range of biomass resources and some examples are
provided in Table 4.4.
In industrialised countries, most biomass energy use today is based on conventional
crops such as sugarcane, corn, sugar beet and rapeseed for the production of ethanol
and biodiesel, and on residues from the forestry and wood processing industries for
the production of heat and electricity. Agricultural residues, such as straw, are used in
much smaller quantities. There are very few examples of the use of dedicated energy
crops, such as short rotation coppice, for heat and electricity.
Biomass resource categories
Dedicated plantations
Residues from
production

primary

biomass

By-products and wastes from a
variety of processes

Examples
Short rotation forestry and crops such as eucalyptus and willow.
Perennial annual crops such as miscanthus. Arable crops such as canola
(rapeseed) and sugarcane.
Wood from forestry thinning and felling residues. Straw from a variety of
cereal crops. Other residues from food and industrial crops such as
sugarcane, tea, coffee, rubber trees and oil and coconut palms.
Sawmill waste, manure, sewage sludge, organic fractions of municipal
solid waste, used vegetable cooking oil.

Table 4.4. Examples of biomass resources

In the UK, the main resources used for biomass energy are residues from agricultural
and forestry activities (e.g. straw, chicken litter) plus some dedicated energy crops
(e.g. short rotation coppice, rapeseed). Research, development and demonstration with
regard to biomass resources in the UK focuses on energy crops such as short rotation
coppice willow and poplar, miscanthus and switchgrass.
Technologies
Biomass can be burned directly or converted to intermediate solid, liquid or gaseous
fuels to generate heat, electricity and for use as transport fuels. Table 4.5 provides an
overview of biomass technology options and respective technology status.
Biomass direct combustion
Biomass can be burned in modern boilers to generate heat, electricity or combined
heat and power (CHP). Most electricity generation is based on the Rankine (steam
turbine) cycle. Biomass combustion systems are in commercial use around the world,
using different boiler technologies that can burn a wide range of biomass fuels. The
most common boiler types are: pile burners, stoker fired boilers, suspension fired
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boilers and fluidised bed boilers. The latter are rapidly becoming the preferred
technology for plants >10MWe because of their clean and efficient combustion
characteristics. Plants are typically below 100MWe; significantly smaller than
conventional large-scale fossil plants. Co-combustion of biomass and fossil fuels such
as coal and natural gas is also an option.
Combustion is a commercially mature technology with little scope for innovation.
However, technical issues remain to be addressed in relation to the combustion of
biomass, these relate mainly to adapting combustion technologies to deal with specific
physical properties of biomass fuels.
The UK has some leading industrial players in biomass combustion technology (e.g.
Talbott’s) and research organisations active in studying the combustion of biomass
feedstocks (e.g. Leeds University, Imperial College London).
Biomass gasification
Gasification is the conversion by partial oxidation at elevated temperature of a
carbonaceous feedstock into a gaseous fuel with a heating value ranging from about
one-tenth to half that of natural gas, depending on the gasification process used. The
product gas can be used to generate heat and electricity by direct firing in engines,
turbines and boilers after suitable clean up. Alternatively, the product gas can be
reformed to produce fuels, such as methanol and hydrogen, which could then be used
in fuel cells, for example. Gasification-based systems may present advantages
compared with combustion in terms of scalability, and clean and efficient operation.
Small-scale gasification systems for heat and power applications are at the
demonstration stage. Recent gasification activities, mainly in industrialised countries,
have focused on larger scale systems based on fluidised bed systems, including
circulating fluidised bed systems. Gasification systems coupled with gas turbines and
combined cycle gas and steam turbines (biomass integrated gasification combined
cycle, BIG/CC) are at the demonstration stage.
The UK has industrial involvement in biomass gasification (e.g. Wellman Process
Engineering Ltd., B9 Energy, Rural Generation) and active research organisations
(e.g. Aston University, University College London, Sheffield University, Imperial
College London). The UK also has industrial and research activities in relation to the
use of the product gas in turbines and fuel cells (e.g. Alstom, Imperial College
London, Birmingham University). One of the few BIG/CC demonstration plants is
sited in the UK, but is currently not in operation (ARBRE project).
Biomass pyrolysis
Pyrolysis is the thermal degradation of biomass in the absence of oxygen, whereby the
volatile components of a solid carbonaceous feedstock are vaporised by heating,
leaving a residue consisting of char and ash. Biomass pyrolysis always produces a
product gas and liquid and a solid residue. The liquid fuel can be transported and
stored, and allows for de-coupling of the fuel production and energy generation
stages. It can be used to generate heat and electricity by combustion in boilers,
engines and turbines. Pyrolysis oils can also be upgraded to produce synthetic
gasoline. Products other than liquid fuels can be obtained from pyrolysis, such as
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charcoal, product gas and speciality chemicals. Biomass pyrolysis is at the
demonstration stage.
The UK has some industrial involvement in biomass and waste pyrolysis (e.g.
Wellman Process Engineering Ltd, Compact Power) and active research organisations
(e.g. Aston University). Foreign industrial players active in the area have shown
interest in the UK market (e.g. Dynamotive).
Anaerobic digestion
Anaerobic digestion is a biological process involving microbial organisms that
convert solid or liquid biomass to a gas in the absence of oxygen. The gas consists
mainly of methane and carbon dioxide, with various trace elements. Anaerobic
digestion is used in the treatment of wet wastes of industrial, agricultural and
domestic origin. The derived gas is increasingly used for the production of heat and
electricity via engines and gas turbines. Biogas can also be used in transport
applications, and could be converted to hydrogen. The solid and liquid residues from
the anaerobic digestion process can be used as compost and fertilisers. Anaerobic
digestion is a commercial technology. Research activities are underway on the
thermo-catalytic or biological conversion of biogas to hydrogen.
The UK has active research organisations (e.g. Glamorgan University) and some
industrial involvement (e.g. Advantica) in the area of hydrogen production from
biogas.
Fermentation and hydrolysis
Sugars can be fermented to ethanol by various microbial organisms. Starch and
cellulosic biomass need first to be broken down by acidic or enzymatic hydrolysis.
Progress is being made in the development of technologies aimed at efficient
conversion of cellulosic biomass. Breakthrough in this field would provide greater
opportunities for ethanol because of increased feedstock flexibility and efficiency.
Biological processes are being developed for the production of high hydrogen content
gases from solid biomass and biogas.
The UK has some industrial involvement in fermentation processes (e.g. British
Sugar) and some research activities in biological processes for high hydrogen-content
gas production (e.g. Glamorgan University). The UK has had little research and
industrial involvement in hydrolysis activities, and some foreign industrial players
active in the area have shown some interest in the UK market (e.g. Iogen).
Physical-chemical conversion
The physical-chemical conversion route applies to biomass from which vegetable oil
can be obtained, and consists of pressing and extracting oil from the biomass.
Vegetable oils can be used in special engines or in diesel engines after an
esterification step leading to the production of oil methyl ester. Oil methyl ester
production is a commercial technology. Biofuel from oilseed rape is produced in
several European countries, the largest production being in Germany.
Status
The biomass energy sector can be separated into two innovation systems depending
on whether the energy end-product is heat and/or power or a transport fuel. These two
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innovation systems have resources and conversion technologies in common, but tend
to be clearly distinct in terms of end-user demand and the regulations and policies
affecting them.
Conversion
technology

Resource
type

Examples of fuels

Product

End-use

Technology
status

Combustion

Mainly solid
biomass

Wood logs, chips
and pellets, solid
waste, chicken litter

Heat

Heat
Electricity (steam
turbine)

Supported
commercial /
Commercial

Mainly solid
biomass

Wood chips and
pellets, solid waste

Syngas

Heat (boiler),

Demonstration/

Electricity
(engine, gas
tubine, fuel cell,
combined cycles),

Pre-commercial /
Commercial

Gasification

Transport fuels
(FT-diesel,
methanol,
hydrogen)
Pyrolysis

Mainly solid
biomass

Wood chips and
pellets, solid waste

Pyrolysis oil +

Heat (boiler),

by-products

Electricity
(engine)

Applied R&D /
Demonstration /
Pre-commercial

Synthetic gasoline
Pressing/
Esterification

Olagenous
crops

Oilseed rape

Sugar/starch/

Sugarbeet, corn,
fibrous and woody
biomass

Bio-diesel

Heat (boiler),
Electricity
(engine),

Supported
commercial

Transport fuel
Fermentation/
Hydrolysis

lignocellulose

Ethanol

Transport fuel

(Hydrogen)

Supported
commercial /
demonstration
(Applied R&D)

Anaerobic
digestion

Wet biomass

Manure, sewage
sludge

Biogas +

Heat (boiler),

Commercial

by-products

Electricity
(engine, gas
turbine, fuel cell)

(Applied R&D /
Demonstration)

(Hydrogen)

Transport fuel

Table 4.5. Biomass technology options, corresponding end-uses and status

Heat and electricity
Currently, bioelectricity represents about 1% of electricity production capacity in
OECD countries, with an installed capacity of about 18.4GW. Most bioelectricity
production in OECD countries is associated with forestry and wood processing. Most
plants are CHP and are based on a variety of combustion technologies, and the heat is
generally used for industrial process heat or district heating. Some countries, such as
Finland, have considerable experience with co-firing biomass with fossil fuels and
waste. Gasification technologies are commercial in niche markets and for specific
feedstocks (e.g. gasifiers are used in the pulp and paper industry to eliminate residue
streams and the resulting product gas is used for heat and electricity generation).
Recent research, development and demonstration efforts for electricity generation
from biomass have focused on gasification as it could lead to greater flexibility in
scale of use, and a more efficient and cleaner use of biomass. Compared with some
other renewables, biomass has the benefit of providing a dispatchable source of
electricity.
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Transport fuels
A market for renewable transport fuels exists today based on ethanol from the
fermentation of sugar and starchy crops, and biodiesel from oil crops. The market for
these fuels has developed mainly as a result of air quality and energy security issues,
and to support the agricultural sector. Hence ethanol and biodiesel use, mainly
blended with petrol and diesel respectively, is common in several countries (e.g. the
US, Brazil, France and Germany). It is estimated that 25 Billion litres (Bl) of
bioethanol for fuel and about 3 Bl of biodiesel were consumed globally in 2002. In
particular, the production and consumption of bioethanol as a fuel oxygenate is
growing rapidly. Globally, the market for renewable transport fuels is showing strong
signs of growth in response to national programmes stimulated by air quality, global
warming, energy security and rural development concerns. In particular, mitigating
global warming may require a significant contribution from renewable transport fuels.
Interest is therefore increasing from industry and policy makers in advanced
technologies for the production of biodiesel and ethanol – Fischer Tropsch and
hydrolysis based processes, respectively – and in hydrogen from renewable electricity
and biomass.
4.6.2 Actors in the sector
The biomass energy industry is very diverse and highly disaggregated. It is
characterised by a multitude of players in the feedstock supply, conversion technology
and energy end-use stages of the fuel chain that reflect the diversity of biomass energy
options.
Heat and electricity
Overview
The UK has a small commercial base in feedstock supply activities, mainly in relation
to the provision of feedstock supply services and some equipment development.
Principal feedstocks for heat and power production are poultry litter, straw, wood
from forestry residues and from a small area of short rotation coppice plantation
(about 2,000ha), and a small amount of miscanthus (grass) crop. There are active
industrial players in biomass combustion technologies, some early commercial
activity in biomass gasification at different scales, and limited activities in biomass
pyrolysis, mainly at the research and development stage.
The UK has a number of biomass combustion plants in operation, in particular there
are four poultry litter fired plants of capacities between 10 and 40 MW and a 36 MW
straw fired plant. There are also a few small-scale gasification-based demonstration
plants (100-300 kWe) and an 8 MWe integrated biomass gasification combined cycle
plant has been constructed. A number of pyrolysis projects are in the planning stage.
5 projects are to receive funding as part of the Bio-Energy Capital Grants Scheme:
•
Peninsula Power in Winkleigh, Devon - £11.5m to develop a 23 MW
biomass facility fuelled by locally grown energy crops
•
Roves Energy in Sevenhampton, Wiltshire - £0.96m to build a 2.5 MWe
and 5 MWth combined heat and power plant (CHP) fuelled by up to 5000
hectares of locally grown energy crops
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•
•
•

Charlton Energy Ltd in Frome, Somerset - £2m to build a 7 MWe and
7 MWth CHP plant fuelled by forestry wood fuel and energy crops from
local farmers and foresters
Bronzeoak in Castle Cary, Somerset - £3.8m to build a 7 MWe and 1.5 MWth
CHP plant to fuel a wood products facility with electricity and
heat as well as supplying heat for curing feedstock
Eccleshall Biomass in Eccleshall, Staffordshire - £0.5m to build a
2.2 MWe power station fuelled by locally grown energy crop miscanthus

Leading countries
Generally, countries with a biomass-based industry or favourable policies for the
exploitation of a variety of biomass streams for energy are those that have developed
a demand for biomass energy and related local industries. Leading countries in the
development of biomass heat and electricity systems include: Finland, Sweden, the
USA, Germany, Austria and Denmark.
Transport fuels
Overview
The UK produces small volumes of biodiesel from rapeseed and waste vegetable oils
and has no bioethanol production or commercial activities in relation to other
biomass-derived transport fuels. Biodiesel, and more recently, bioethanol, have been
granted a 20p/l fuel duty rebate. There has been a recent increase in interest in
producing ethanol from sugarbeet and from agricultural and forestry residues and
woody crops.
Leading countries
Leading countries in the production of biodiesel from rapeseed and soybean are
Germany, France, Italy and the USA. Leading countries in the production of
bioethanol from sugar and starchy crops include Brazil, the USA and France. A
number of countries are becoming active in research, development and demonstration
of novel technologies and systems for the production of ethanol from hydrolysis of
ligno-cellulose material (USA, Canada, Sweden), Fischer-Tropsch diesel and other
gasification-derived fuels (Germany, Sweden). The UK has some research and
development activities in the area of biological production of hydrogen (these are
examined in the section on hydrogen from renewables).
UK actors in biomass energy
The main categories of players of relevance to the UK can be grouped under a range
of categories. The list provides examples of key actors, but is not exhaustive.
Research organisations:
• Rothamsted University - research on biomass feedstocks
• Cranfield University (Silsoe) - research on biomass feedstocks
• Central Science Laboratory - research on biomass feedstocks
• Aston University - research on biomass conversion
• Leeds University - research on biomass conversion
• Sheffield University - research on biomass conversion
• Glamorgan University - research on biomass conversion
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University College London - research on biomass conversion
Warwick University - research on biomass conversion
Imperial College London - research on biomass conversion; systems analysis

Government agencies:
• DEFRA
• DTI
• DfT
• Environment Agency
• Forestry Commission
• Regional Development Agencies
• Foreign and Commonwealth Office
• European Commission
Funding organisations:
• Carbon Trust
• Venture capital e.g. 3i
• Project finance e.g. Impax
Feedstock producers and suppliers (energy plantations and residues):
• Biffa Waste Services: Integrated Waste Management. A part of Severn Trent Plc.
• Biomass Industrial Crops Ltd: BICAL is dedicated to the commercial
development of miscanthus.
• British Sugar: British Sugar are part of the Associated British Foods group of
companies and are the only manufacturer of sugar from beet in the UK. British
Sugar want to use their extensive agri-processing knowledge to build a new
bioethanol business in the UK.
• Econergy: Econergy provide a complete woodfuel supply service to biomass
power generators combining high capacity woodfuel chipping plant developed inhouse with expertise in woodfuel procurement and logistics systems.
• Renewable Fuels: Renewable Fuels Ltd, specialise in the supply of biomass fuels
from UK forestry and woodlands / short rotation energy crops and imported
biomass products. The company can provide a one-stop-shop for fuel supply
including handling and processing systems as appropriate. Services include the
management of fuel supply chains, monitoring, sampling, weighbridge procedures
and supplier payments and general administration.
• Renewable Energy from Agriculture: Farmer controlled business developing the
markets for energy from agricultural activities, including short rotation coppice
and rapeseed production and contracts.
• South West Industrial Crops (SWIC): Group comprising farmers, commercial
companies and consultants, formed to deliver biomass project in south west
England.
Equipment manufacturers (Agricultural/forestry equipment, Pre-treatment equipment,
Conversion equipment (combustion, gasification, pyrolysis, hydrolysis, digestion),
Liquid/Gas fuel cleaning and upgrading)
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Advantica Technologies: Experience across a range of market sectors, scales
(domestic through to large power station) and technologies, including boilers,
engines and microturbines.
Alstom Power: Manufacture industrial gas turbines for power generation and
cogeneration applications.
B9 Energy Biomass: Gasification-based wood fuelled CHP equipment supply.
Bioenergy Technology: Wood waste and biomass boiler plant, storage and
handling systems, together with emissions control and monitoring. Wood fired
burning systems from 50kW to 10MW.
Compact Power: Developers of pyrolysis technology for waste treatment.
Dynamotive: Developer of fast pyrolysis technology from Canada seeking to
conduct business in the UK.
Iogen: Developer and manufacturer of ethanol-from-cellulose processes from
Canada seeking to conduct business in the UK.
Rural Generation: Gasification-based wood fuelled CHP equipment supply.
Sustainable Energy: Products for biomass conversion using both pyrolysis and
gasification technology.
Talbott's Heating: Biomass fuelled combustion units and systems for heat and
electricity generation between 25kW to 12MW.
Wellman Process Engineering: Gasification and pyrolysis equipment.

Project developers:
• Broadland fuels: Biodiesel blends supplier
• Bronzeoak: Developers of biomass and special waste disposal projects
internationally. Projects range from short rotation coppice, forestry and waste
wood power plants in the UK, to bagasse, palm oil residue, rice husk, peanut shell
and animal effluent cogeneration plants in SE Asia and Central America.
• Energy Power Resources: Developer of renewable energy projects in the UK
• Fibrowatt: Have developed the world's first three poultry litter fired power stations
in the UK, for a total of 65MW, and have similar projects under development in
Europe and the United States.
• Greenergy: Green electricity and biodiesel blends supplier.
• Innogy: Integrated UK energy company, with activities in renewable energy.
• Integrated Development Projects: Specialist in sustainable development centred
on renewable energy facilities with associated ventures. Emphasis is placed on
economic development in rural areas, and deploying biomass and municipal waste
for electricity and CHP in the UK and overseas.
• Rix Biodiesel: Biodiesel blends supplier
• United Utilities: One of the UK's leading developers of renewable energy projects,
including waste to energy and biomass generation.
NGOs:
•
WWF: Promoting biomass heat and electricity as part of a new campaign.
Trade organisations:
• National Farmers Union: Promoting energy crops for rural diversification
• British Biogen: Biomass energy trade association
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•

Biofuels Alliance: Organisation for the promotion of biomass energy

The following UK organisations and programmes are aimed at stimulating innovation
in biomass energy:
• EPSRC – e.g. Supergen Initiative: Sustainable Power Generation and Supply Biomass and Biofuels Consortium
• BBSRC – e.g. Sustainable Technologies Initiative – themes include research on
non-food uses of crops aiming to promote the use of agricultural crop products in
industry; LINK programme on ‘Competitive industrial materials from non-food
crops’
• DTI/New Opportunities Fund – BioEnergy Capital Grants Scheme – aimed at
development of biomass fuelled heat and electricity projects (£66 million)
• DEFRA – Energy Crops Scheme - aimed at establishment of SRC and miscanthus
plantations (£29 million)
• DEFRA – BioEnergy Infrastructure Scheme – aimed at development of physical
and market infrastructure for biomass (£3.5 million)
• Carbon Trust/DEFRA/Inland Revenue – Enhanced Capital Allowance for
Biomass Heating and CHP
• DTI – Renewable Energy Programme R&D funding, SMART funding
• Carbon Trust – Low-Carbon Innovation Programme
• OFGEM - Renewables Obligation – obligation on electricity suppliers to supply
10% of eletricity from renewable sources by 2010
• Treasury – fuel duty reductions – to stimulate uptake of biomass-based fuels
• Regional Development Agencies – funds for the development of renewable
energies
A number of international programmes are aimed at stimulation innovation in
sustainable energy technologies, including biomass:
• DG Research, DG TREN, DG Env and DG Agri – FP6 programmes
• The International Energy Agency has a specific Bioenergy task on research and
development on biomass energy systems.
4.6.3 Drivers of innovation
Heat and electricity
Innovation in the biomass sector in the UK has largely been driven by heat and/or
power applications.
Biomass combustion technologies aimed at the heat market have been successfully
developed commercially in the UK, with UK companies such as Talbott’s establishing
an international presence. The driver behind the development of these systems has
been mainly the demand for industrial process heat in biomass-based industries,
where a low or zero cost fuel is available. Biomass heating technologies for domestic
and commercial space heating based on UK and foreign design are commercially
available, but their introduction has been limited. A number of recent incentives such
as Bio-Energy Capital Grants Scheme, Enhanced Capital Allowances Scheme,
Community and Household Capital Grants Scheme, and the exemption of biomass
fuels from the Climate Change Levy are driving an increased adoption of biomass
heating schemes. The development of a market is leading to the need for introduction
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of fuels of suitable quality and standards, hence the recent development of a wood
pellet market in the UK.
In the past, the NFFO scheme provided the principal drive for commercial innovation
in the biomass energy sector, with a focus on electricity generation. However, its role
in generating successful long-term innovation in the sector has been questioned by
interviewees due to the fact of it being too prescriptive in the choice of technologies
and biomass resources, not sensitive enough to a range of risk factors associated with
projects, and lacking integration with broader market forces. Nevertheless, the scheme
has resulted in some commercial innovation, in particular in relation to waste
combustion technologies and small-scale biomass gasification systems for CHP. The
failed NFFO-supported ARBRE project, aimed at demonstrating biomass gasification
combined cycle plants for electricity generation in the scale 10-50MWe, led to the
first introduction of short rotation coppice at significant commercial scale and tackled
numerous issues related to production techniques and logistics. The project also
brought together foreign and UK technology and know-how, key in the development
of such systems. It provided an opportunity for UK energy and power equipment
industry to develop key knowledge in the development and implementation of such
systems. However, the recent demise of the project may have significant implications
for innovation on biomass energy, as it is likely to affect the confidence of the
agricultural and energy sector in biomass energy schemes. Lessons need to be learned
on dealing with technology and business risk in relation to project with a high degree
of innovation.
A number of innovative developments are underway in relation to small-scale systems
for CHP in residential and commercial applications, such as gasification-based
systems and the development of Stirling engines. These are driven by the notion that
such schemes fit the local availability of biomass resources, the possibility of
extracting greater value from the combined use of heat and electricity, the potential to
directly appeal to environmentally driven end-users, and the recent introduction of
several Government actions that facilitate their development and implementation,
including the Carbon Trust Low-Carbon Innovation Programme that provides venture
capital type funding to technology companies.
A number of new government programmes (see list below) are providing a push for
innovation in the biomass energy sector, again mainly aimed at the heat and electricity
sector. The approach is now more integrated across the different biomass fuel chain
stages, essentially biomass supply, conversion and end-use. But the programmes are
recent and it is too early to judge their potential impacts. In addition, there is still a
lack of sufficient market pull to generate a critical mass of projects that would
stimulate further innovation and improve the commercial viability of biomass fuel
chains.
In biomass feedstocks, the current focus is on identifying potentially profitable ways
of using agricultural and forestry residue streams and other organic waste streams,
and linking these to suitable end uses. Limited research is being carried out on
biomass energy crop breeding and biomass energy production techniques, with most
of the effort focusing on crop testing and crop management techniques in order to
achieve commercial viability. In particular, activities are focused on short rotation
coppice and miscanthus for use in heat and electricity applications. It is believed that
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further scientific and technical innovation is not crucial to successful short-term
development of the biomass energy sector, but that efforts are needed in efficient
biomass production techniques that can generate adequate financial returns (but this
also depends on how much developers are willing to pay for the feedstock). The
driver of innovation so far has been the small policy-driven biomass electricity
market.
The role of government policy and regulation is crucial in developing innovation in
the biomass energy sector. The Government has introduced some schemes that
promote biomass energy feedstock production in the agricultural and forestry sector.
However, a major driver for biomass energy may be the review of the EU Common
Agricultural Policy leading to a different approach to providing support to rural areas,
which is not related to the price support of food crop commodities. This may lead to a
more significant introduction of energy crops and stimulate innovation in their
development. Government activities have mainly been directed at the development of
energy crops for heat and electricity applications. However, these may also provide
the feedstock to advanced technologies for the production of transport fuels, such as
hydrolysis and gasification.
On the demand side, it is felt by potential project developers that the Renewables
Obligation does not provide enough incentive for the development of advanced
technology projects. However, the integration with other incentives available may
contribute significantly to the commercial viability of projects eligible under the
schemes. Dealing successfully with technology and business risk will be a key factor
in ensuring successful innovation under these programmes. The projects may range
from relatively low risk and low capital co-firing schemes fuelled with biomass
residues and energy crops to more innovative, higher capital and higher risk
gasification/pyrolysis schemes fuelled with energy crops.
Transport fuels
There have been very limited drivers in the UK for innovation in biomass energy
systems for the production of transport fuels. There has been some limited production
of biodiesel, based on traditional agricultural crops and commercial technologies. The
main driver has been the diversification of agriculture, and to a minor extent the
reduction of emissions from transport. Research and development activities, however,
have been very limited, with some interesting activities in biological production of
hydrogen.
However, interest in renewable transport fuels has been increasing rapidly as a result
of concerns over greenhouse gas emissions from the transport sector and policy
initiatives at the European level aimed at introducing alternative fuels. The
diversification of agriculture remains a main driver. The recent introduction of the
fuel duty rebate on bio-ethanol has increased interest in the area. The UK has a good
agro-industrial base to benefit from developments in the area and industries, such as
British Sugar, have shown keen interest. Foreign technology developers, such as
Iogen Corp from Canada, developing a ligno-cellulose hydrolysis process for the
production of ethanol, have also shown keen interest in the UK market.
The rising interest in hydrogen as a fuel is driving research and development activities
in biological and thermo-chemical production of hydrogen at universities such as
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Glamorgan, Warwick, University College London, and others (see overview on
hydrogen from renewables).
General points about drivers
There is a greater need for integration across policies and the mechanisms through
which they are enacted. For example, biomass energy could benefit from a greater
integration within waste policies. Also, incentives at different stages in the chain need
to be integrated to ensure the cost competitiveness of the entire chain.
Long-term policies and regulations, based on clear objectives, are needed to stimulate
investment and to enable companies to deal with risk factors. The establishment of a
home market is crucial to innovation in the sector and to developing UK companies’
business interest.
Innovation depends mainly on the policy framework. Market forces are unable to
deliver innovation given market distortions in areas affecting biomass energy (such as
the agricultural, electricity and transport sectors), the inability to deal with risk
factors, the generally low demand for renewable energy and competition from other
sources.
Biomass energy research and development activities have been too scattered and have
lacked strategic direction. A more integrated approach to biomass energy research and
development activities, such as those undertaken under the EPSRC Supergen
initiative, could prove more successful in stimulating innovation in the sector.
Provided there is a market for biomass energy products, there would probably be a
drive for technological innovation that would aim at delivering cost-competitive
biomass energy products in an efficient manner. Certainly, there is a large
opportunity, since biomass has been identified as being one of the largest renewable
energy sources exploitable in the short-term.
4.6.4 Knowledge creation and diffusion
The UK has a good knowledge base in some biomass energy related areas, but
research and development activities have been too scattered, too narrow and have
lacked strategic direction and critical mass.
Knowledge in the area of heat and power applications is more consolidated and easily
accessible compared with transport fuel applications because of the greater
commercial experience in the sector, the presence of a number of UK technology
developers and the focus of government programmes on these applications.
The biomass energy industry trade association, British Biogen, acts as a focal point
for industry along the biomass fuel chain and provides information in relation to
biomass energy systems and applications. However, knowledge on biomass energy
systems is generally scarce. Also, there is a general lack of understanding on the part
of policymakers, project developers and the general public of the economic and
environmental implications of biomass energy systems, in particular the implications
across the full fuel chain. Some technology developers, trade associations and, to a
limited extent, government organisations in the UK, act as sources of information on
new developments and new technologies, but most novel information comes from
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foreign academic, government and industrial sources. UK universities are part of
international networks, such as the PyNe and GasNet networks on pyrolysis and
gasification technologies.
Recent commercial innovation in biomass energy systems in the UK has been largely
based on imported IP that has been complemented by UK academic and industrial
knowledge. Research Councils (EPSRC, BBSRC) have funded scattered biomass
energy activities, with a recent more coordinated approach to funding in the sector.
Industry-related activities have received funding from the DTI. However, industry and
university collaborations have been limited.
Innovation has mostly been in small companies, although some larger companies have
been developing biomass energy technologies.
Example of innovation process for B9 ENERGY BIOMASS development of smallscale wood fuelled gasification-based CHP:
B9 Energy Biomass established a joint venture with a Swedish R&D organisation to
develop their gasification technology. DTI funding was used to develop the
technology further in collaboration with other R&D organisations such as University
of Ulster. NFFO support for 100kW and 200kW wood fuelled CHP plants at
Blackwater Valley in Northern Ireland has provided a basis for development of a
commercial product. EU funding has also contributed to technology development
towards commercialisation. Carbon Trust venture capital will support the business
through the early commercial stage. Principal information flows for innovation are
between B9 Energy Biomass, the Swedish R&D organisation and University of
Ulster.
4.6.5

Innovation maps
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4.6.6 Partnerships
Partnerships have not played an important role in the UK in biomass energy systems.
Greater attention has been given by government research and development funding
agencies to the role of partnerships between academic institutions and with industry,
but it is too early to assess the effect of these on innovation. Partnerships have been a
key component of projects funded by the European Commission and have enabled
some UK companies to develop their innovations together with other European
industrial and academic partners. Partnerships have been fundamental in the initiating
the demonstration of new systems e.g. Bedzed and ARBRE projects.
4.6.7 Intellectual Property
Some UK companies have developed key IP in biomass energy technologies e.g.
Compact Power, other have acquired IPR and built further IP upon it e.g. B9Energy.
Institutions working on applied research and start-ups should receive support to
develop intellectual capital and benefit from its ownership, in particular in the case of
the more innovative developments and next generation technologies e.g. H2 from
biomass system developed at Warwick and Glamorgan universities, according to one
interviewee. However, acquiring IP from abroad is an option that is also appealing
and may provide competitive advantages to project developers e.g. British Sugar.
4.6.8 International dimension
Biomass energy technologies, are international in nature, although the nature of the
feedstock may vary according to location and require technology adjustments. The
lack of strong biomass-based industries in the UK, e.g. forestry and agricultural
industries, has resulted in a weak push for the development of biomass technologies
compared with other countries e.g. US, Canada, Sweden, Finland. However, recent
policies aimed at renewable energy and reduction of GHG emissions from energy and
transport have attracted interest from a number of foreign companies to the UK
market e.g. Iogen Corp, Dynatek. Overall, the UK’s innovation systems in biomass
energy are very dependent upon international innovation in biomass technologies.
4.6.9 Other system influences on innovation
Major influences that need greater consideration in relation to innovation in biomass
energy are the real and perceived technology and business risks, stakeholder and
public perception of biomass energy systems, related policies such as agricultural and
waste policies, competition from lower cost renewable electricity alternatives in the
short-term, and the disaggregated nature of the industry.
The ‘prevailing wisdom’ appears to have been to focus on energy crops and
technologies with relatively high technological risk. More emphasis is needed on the
establishment and proof of a biomass supply chain and successful demonstrations,
carefully considering the technology and business risks related to the projects.
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4.7

Hydrogen from renewable sources

Summary of main findings
Hydrogen production from renewable energy has been divided into three innovation
systems: production from renewable electricity, from biomass, and direct solar
production. In renewable electricity and some biological production routes,
innovation is generally required in systems demonstration; direct solar production is
at an earlier stage of development, and so innovation is more focused on R&D.
There is significant interest in renewable hydrogen in the UK, with most actors in
R&D and in project development. There is a wide range of relevant policy and
funding actors, though little venture finance involvement. This is mainly due to the
small number of UK technology developers, with most technology for demonstration
being sourced from overseas.
In R&D, drivers for innovation stem from personal interest in the technology and its
environmental benefits. Research directions are not significantly directed by policy,
being focused instead on expected future industry and market interest, mainly as a
result of significant collaboration and strong international knowledge networks within
the sector. Co-ordination of funded research through Supergen was seen as a positive
step.
Potential technology users (such as waste producing companies and non-specialist
project developers) are prepared to work only with very near commercial
technologies. Increased incentives for commercial R&D would be beneficial, together
with the stimulation of a market for hydrogen.
Early demonstration is essential to bring learning-by-doing and increased awareness
of and confidence in hydrogen systems. Demonstration projects generally involve
partnerships (as required by funding bodies), including demand side actors. These
include local and regional bodies, who can provide a strong pull for hydrogen projects
as a result of their potential economic and environmental benefits. Barriers to
demonstration projects include the cost of systems and the length and complexity of
application procedures. A potential barrier to demonstration is the perception that
renewable hydrogen is only a long-term prospect. Carbon Trust and EU project
funding were welcomed, and further funding encouraged.

4.7.1 Introduction
Hydrogen is a colourless, odourless, non-toxic flammable gas, which is under
consideration as an energy carrier. Hydrogen use has no local pollutant effects and is
not a greenhouse gas, but is only found in useful quantities on earth in compound
form such as water or hydrocarbons. Hydrogen can be used as a transport fuel, in
internal combustion engine or fuel cell vehicles, as a means of energy storage, or to
provide heat and/or power in thermal or electrochemical cycles. Hydrogen must be
produced, stored and transmitted before it can be converted to an energy service in an
end-use technology. The use of hydrogen in energy systems could significantly
enhance the sustainability of such systems, but only if the hydrogen is produced in
such a way that full energy chain impacts are less than with conventional fuels.
Resource potential
Hydrogen can be produced from several renewable energy sources:
• Electricity from wind, wave, tidal, solar and biomass sources - via electrolysis
• Biologically – from biomass crops and wastes - via processes such as gasification,
anaerobic digestion and bacterial fermentation, and via photobiological processes
using the respiration of algae
• Direct solar energy - via photo-electrolysis (water splitting in an electrochemical
cell) and via thermal decomposition
Given the wide range of possible energy sources for hydrogen production, the
resource potential for hydrogen production in the UK is large.
Technology
The variety of energy sources and production routes for hydrogen leads to a diversity
of technologies under investigation. This section categorises these by hydrogen
production route.
Electrolysis using renewable electricity
Water electrolysis is the electrochemical splitting of water into hydrogen and oxygen.
It is a well-understood industrial process, originally developed in 1800, with large
commercial plants in operation. Two main electrolyser types exist: liquid alkaline
electrolyte electrolysers and proton exchange membrane (PEM) electrolysers.
Alkaline electrolysers are used for most applications, while PEM electrolysis units are
at a pre-commercial stage. Also under development are high temperature and high
pressure electrolysers, with the promise of higher efficiencies than current
technologies. Use of electrolysers with a renewable electricity input presents technical
challenges if the input is intermittent, requiring the electrolyser to operate at variable
loads. Technical development and cost reduction of small electrolyser units is also
underway; this could be valuable for production of hydrogen from on-site renewable
electricity resources.
Biological production
Biomass gasification is the conversion by partial oxidation at elevated temperature of
a biomass feedstock into a gaseous fuel with a heating value ranging from about onetenth to half that of natural gas, depending on the gasification process used. The
product gas (syngas) can then be reformed to produce hydrogen. Biomass gasification
technology and its status are described in more detail in the biomass sector overview.

Pyrolysis can also be used to produce a bio-oil, which can also be reformed to
produce hydrogen as a co-product.
Biomass fermentation/digestion: Green biomass products and wastes such as organic
household waste, food industry wastes, sewage and animal wastes can be
anaerobically digested, to form a methane rich gas. This can then be reformed to
produce hydrogen. Hydrogen can also be produced directly using bacterial
fermentation in dark conditions.
As with biomass gasification, the innovation system for the primary process will be
described under the biomass sector. This overview will focus on specific research or
projects producing hydrogen from the process.
Photobiological processes: Under anaerobic conditions, green algae can produce an
enzyme, which can be used to produce hydrogen by splitting water – bio-photolysis.
Blue-green algae and photosynthetic bacteria can also produce hydrogen by
photosynthesis.
Direct solar production
These processes are defined as those that require only water and energy from the sun
as inputs. This category includes photo-electrolysis (water splitting in an
electrochemical cell) and thermal decomposition. The technologies are currently at
the R&D stage.
Electrochemical cells can be used to produce hydrogen by photo-electrolysis. For
example, in the Tandem cell, two cells containing nanocrystalline thin films of metal
oxides absorb the energy from sunlight and use this to produce an electrochemical
potential to split water in the electrolyte running between the two cells.
Hydrogen can also be produced by splitting water thermally, using very high
temperatures. This can achieved by using a solar concentrator to produce
temperatures of over 1000 °C.
Status
Worldwide, hydrogen production from renewable electricity is at the demonstration
stage. There are several small-scale demonstration projects, both using renewable
electricity from the grid, such as the hydrogen refuelling station in Reykjavik, Iceland,
and using intermittent input from onsite renewables, such as PV to hydrogen projects
in California.
There are a very few early stage projects on biological hydrogen production
worldwide, principally from biomass gasification. There are no demonstration
projects on biological production in the UK, though some university research activity.
Direct solar production of hydrogen has been demonstrated using solar concentrator
methods, but photo-electrolytic methods are still in development, with one UK
company working on taking the technology from the lab to commercialisation.
Specific policy support at a national level for renewable hydrogen production consists
of support for research funding. The technology will also benefit from policy related
to other energy technologies. For hydrogen in general, there is research funding,
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recently partly coordinated by a group of research councils into the Supergen
initiative, and an EPSRC-funded information network (H2NET). Hydrogen use in
transport is encouraged by a zero rate of fuel duty for demonstrations projects, and the
availability of grants for refuelling stations and vehicle development through the
TransportEnergy programme. The renewable energy source used in hydrogen
production may also benefit from support, such as qualifying for ROCs, capital grants
or climate change levy exemptions when used.
Hydrogen projects, especially those using renewable energy are also beginning to
attract interest from regional bodies, such as regional development agencies and
island development groups. Their aim is to achieve local and global environmental
benefits, while also benefiting the local economy. The London Hydrogen Partnership
has been most active in working towards a hydrogen strategy for London, but One
North East, Advantage West Midlands, Yorkshire Forward and the Welsh
Development Agency are all considering hydrogen and fuel cell initiatives, and
groups in Shetland, Islay and Unst are considering local renewable to electricity and
hydrogen systems.
4.7.2 Actors in the sector
Electrolysis using renewable electricity
Overview
The UK actors in this area are predominantly universities, with very few technology
or project developers actively involved in projects. There are many links with
overseas technology developers and international projects. There are an increasing
number of demand-side actors: project developers, local and regional bodies wanting
projects in the near future, plus the wider community of electricity companies,
automotive companies, energy and industrial gas companies expecting to be involved
in the longer term. Consultancies/project developers are important in channelling the
general information available to specific actors. There are a wide range of relevant
policy and funding actors, though little venture finance involvement due to the lack of
technology developers.
Leading countries
Hydrogen production projects from renewable electricity from the grid are in
operation in several countries including Iceland, where grid electricity is primarily
hydroelectric and geothermal, and there are aims to become the world’s first
renewable hydrogen economy. Projects using intermittent renewable electricity are
mostly taking place in Europe, specifically through EU projects for renewable energy
in islands, and in the US and Canada. Electrolysis development activity is
predominantly in the US, Canada, Norway, Germany and Japan.
UK actors
Universities include:
• CREST, Loughborough University - stand alone wind, hydro and PV systems
with hydrogen storage, electrolysis optimisation, use of hydrogen in vehicles
• Napier University – part of Islay consortium working on wave to hydrogen system
• Robert Gordon University (RGU) - stand alone hydrogen storage for tidal energy
project
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University of St Andrews, School of Chemistry – micro-electrolyte for hydrogen
storage from marine renewables, work with RGU on tidal energy project
University of Strathclyde - part of Islay consortium working on wave to hydrogen
system
Rutherford Appleton Lab – wind to electrolysis, Tyndall Centre hydrogen projects

Technology developers:
• Overseas companies - electrolysers e.g. Stuart Energy, Norsk Hydro
• Wind Hydrogen Ltd – wind electrolysis systems, and planned wind to hydrogen
projects
Project developers:
• Element Energy – consultancy/project developer specialising in hydrogen
systems, including the USHER PV to hydrogen project, and wind to hydrogen
feasibility
• Wind Electric – potential wind to hydrogen project at Delabole Wind Farm
• AMEC (potential) - large engineering company with wind and other renewables
interest, interested in offering hydrogen systems
Electricity companies (potential demand):
• Powergen,
• Scottish Power
• Scottish and Southern Energy
Biological production
Overview
Universities in the UK are involved in biological production through gasification,
fermentation and bacterial processes. Work on production through gasification and
other thermal conversion technologies is only active in a small number of universities,
with no technology development or other UK activity in the area, and therefore there
is no real UK innovation system in this area. There is more activity in fermentation
processes, with increased funding, some technology developers involved, and demand
from waste producing companies, and the wider community as mentioned above. This
is also linked with more fundamental work on microbial production, which is at a
university level, and is heavily linked with international work, for example through
the IEA production task. There are a wide range of relevant policy and funding actors,
especially as a result of waste policy, though little venture finance involvement due to
the lack of technology developers.
Leading countries
Work on hydrogen production from biomass by gasification is active in many
countries at a small scale, including the US, Germany and China. Japan and the US
are most active in biological production, both through fermentative and
photobiological processes. Canada, Japan, the Netherlands, Norway, Sweden, and the
US are participating in the IEA photobiological production task, with Hungary,
Portugal and the UK as observers.
UK actors
Universities/research centres include:
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•
•
•
•
•
•
•
•

University of Glamorgan – large research group working on fermentative
production from wastewater and food wastes, some work on photobiological
production
University of Reading, Chemistry - photocatalytic organic degradation - catalysts
to crack methanol and sugars from wastewater stream anaerobically.
John Innes Centre, Norwich –biological production and catalysis using iron
hydrogenases
National Collection of Industrial and Marine Bacteria – working with Glamorgan
on characterising microbial populations
University of Sheffield – photosynthetic production
University of Leeds, Fuels and Energy – EPSRC project on steam reforming of
vegetable oil for hydrogen production at a small scale
University of Warwick Process Technology Group –gasification from sewage and
paper wastes to liquid hydrogen. EU group with Dutch, German, UK firms and
universities
University of Sheffield, University College London – biomass pyrolysis and
gasification

Technology companies:
• Advantica (BG Technology) – working with University of Glamorgan
• Accentus– working with University of Glamorgan
• The Hydrogen Solar Production Company (potential) – food wastes project with
University of Glamorgan, Rank Hovis
Consultancies:
• ADAS – rural and land-based industries consultancy working with Glamorgan on
aspects related to biomass feestock
Water /waste producing companies:
• Thames Water
• Yorkshire Water
• Severn Trent
• Rank Hovis
Direct solar production
Overview
There are very few actors in this area in the UK; universities, whose work is at a
fundamental research level, working within the international research community, and
one technology developer, again with close links to overseas universities and research
and technology organisations (RTOs) in the UK. There are many funding sources,
including venture finance for the technology developer.
Leading countries
R&D programs on photoelectrolysis are in place in IEA member countries such as the
US, Japan, Sweden, and Switzerland. These countries, together with Mexico, are
involved in the IEA photoelectrolysis production task.
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UK actors
Universities include:
• University of Reading, Chemistry - photocatalytic hydrogen generation: catalysts
to produce hydrogen from water.
• University of Hull - concentrator solar cells and thermophotovoltaics, tandem
cells
• University of Cambridge, Chemistry – fundamental research on the conditions
needed for photocatalytic decomposition of water on metal and metal oxide
surfaces
Technology Developer:
• Hydrogen Solar Production Company –commercialising licensed Tandem Cell IP
from Swiss university, potential collaboration with Glamorgan and others on
biological production
Research and Technology Organisations:
• CERAM
• SIRA
Private equity providers:
• E-Synergy
• Carbon Trust (potential)
Actors common to all three production routes:
Policy and funding bodies:
• EU – project funding, hydrogen groups
• DTI – research council funding, LINK programme, SMART funding
• Carbon Trust – project and equity funding
• Research councils (EPSRC, others through Supergen and Tyndall Centre)
• Scottish Executive
• OFGEM
Universities:
• ICCEPT, Imperial College– technical, economic and policy analysis of hydrogen
systems
• Tyndall Centre - consortium of universities working on hydrogen projects
Consultancies:
• E4tech – strategic energy and environmental consultancy with expertise in
hydrogen energy
• Element Energy – project developer for USHER PV to hydrogen project and other
renewable hydrogen feasibility studies and consultancy
Local/regional bodies:
• Regional Development Agencies: Advantage West Midlands, Yorkshire Forward
• Local councils: Birmingham City Council, Woking Borough Council
• Local bodies: Teeside, GLA, Islay, Highlands and Islands Enterprise, Unst,
Shetland
76

UK networks:
• H2NET – EPSRC-funded hydrogen energy information network
Other actors:
• Fuels and gases companies: BOC, Air Products, BP, Shell and others
• Automotive industry: BMW, Ford, etc
• Renewables industry: Wavegen, BP Solar, etc
• Fuel cells: Ceres Power, Intelligent Energy, Adelan, Rolls Royce
4.7.3 Drivers of innovation
Drivers for initial interest in hydrogen are common to the key actors in all three
production routes. Firstly, in research and technology development, there is at least
one person with a strong personal interest in the prospect of a hydrogen economy.
This is also the case on the demand side, within organisations looking for hydrogen
projects, such as regional bodies, or those looking to use the technology, such as
waste companies. This personal interest generally stems from awareness of both the
environmental benefits of hydrogen use, especially when produced renewably, and of
the expected potential for hydrogen use in a wide range of applications in a hydrogen
economy. Secondly, there is a widely held confidence in a future market for
hydrogen, and more specifically for renewable hydrogen. This is supported by
renewable hydrogen being described as the energy carrier of the future in academic
literature, Government policy documents, and strategic statements from large energy
and automotive companies. It is reinforced by the small, and highly networked
hydrogen community, which includes all groups of actors.
Government policy only drives research in hydrogen production to the extent that it
makes funding available directly, and through research councils. It does not affect
research directions, with both universities and technology developers considering
their work to be ahead of Government thinking, informing policy rather than being
influenced by it. Both universities and project developers thought that Government
should increase incentives for industry R&D.
Each production route has ‘market pull’ in the form of expected future renewable
hydrogen demand, which may be supplemented by demands from the electricity or
waste sectors. For technology developers, early UK demonstration projects are key.
Electrolysis using renewable electricity
Stand alone systems innovation is driven by possibilities for distributed energy
production, using hydrogen as energy storage, to maximise benefits of the electricity
generation, and for use in transport and other applications. Local resource use and
environmental benefits are also important.
In grid-connected systems the nearest projects to demonstration are wind to hydrogen
systems. Here the effects of NETA, and the low prices available especially for
intermittent generation provide a strong driver for means to increase wind farms’
income. The economics of using hydrogen for this vary, and there is disagreement
over whether this would be beneficial in the long term, however several
technology/project developers and consultancies have found that using hydrogen
storage and use to provide a less intermittent output would be viable. Electricity
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companies have indicated willingness to pay more for lower imbalance risk, and
potentially dispatchable output. Hydrogen production itself is also a driver, either as
an alternative income stream in a varying electricity market, or for local use in
transport. In Scotland, university projects on wave and tidal energy to hydrogen are
driven by a need to match output with demand, or by the opportunity to transport
hydrogen, instead of electricity from remote offshore locations.
Policy provides a driver for wind to hydrogen systems indirectly - the impact of
NETA on wind operators may encourage them to look at energy storage systems,
including hydrogen.
Market pull for electricity to hydrogen systems is expected from systems providers,
such as large engineering firms, looking to offer the technology to increase
competitive advantage. A demand for such systems may also come from local and
regional bodies, stemming from demands for environmental benefits and attracting
novel technology demonstrations. Suggested demand from electricity companies is for
less intermittent renewable electricity, not for hydrogen as such, with no
environmental motive. It was thought that a further pull for hydrogen storage might
appear from renewables operators when the penetration of intermittent renewables in
local distribution networks in some areas of the country reaches 20-40%, although
there is a view from the wind industry that this could be achieved more economically
and sustainably by other balancing technologies.
Technology developers for these systems e.g. electrolyser manufacturers are
predominantly outside the UK. Therefore while providing support and information to
UK projects they are not driving interest initially, except in some university research.
Biological production
Work on biological hydrogen production in research organisations stems from
crossovers from other research, such as that on anaerobic digestion and gasification,
coupled with interest within both UK and overseas research networks, including the
IEA Biohydrogen production task. This has not, in general, led to interest from
technology developers, as in most cases the research is at an early stage. An exception
to this in production from wastewater and food wastes, where consortia for funded
projects include universities, technology companies and waste producers. The
Hydrogen Solar Production Company, whose primary technology is a direct solar
production route, are involved in a bid for a waste to hydrogen project, with a view to
offering hydrogen production by more than one route.
Tightening waste regulations lead to interest from waste producing and water
industries, together with pressures to be environmentally benign and competitive
within the sector, especially in the water industry. The potential for using the
hydrogen produced is secondary to the driver for economic and environmentally
sound waste processing methods. There is no influence from technology developers,
as there are very few with UK interest and sufficiently established, commercialised
technologies. These end users of technology are prepared to become involved in
funded demonstrations, but not to work with companies with early stage technology
or to fund non-applied university research. As with production from renewable
electricity, there may be some demand from local and regional bodies for these
projects in their area. Interest in hydrogen from biomass has focused on waste
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streams, however the use of energy crops for hydrogen production has been discussed
as a potentially interesting option in some UK studies.
Direct solar production
As with biological production, research interest is driven by crossover from other
technologies e.g. photovoltaics, together with personal interest in the technology and
in the environment. This is also a main driver for the only technology developer
working on this production route in the UK, whose initial IP was from overseas
university research.
4.7.4 Knowledge creation and diffusion
The key sources of knowledge, IP and new technology for the actors in renewable
hydrogen innovation systems are similar; university and technology developer
research leading to IP generation, and in some cases to pre-commercial
demonstrations. However, there are some differences, for example in IP generation,
between earlier and later stage hydrogen technologies.
The majority of the actors in this area participate in extensive knowledge sharing
through academic and industry networks and conferences, both in the UK (H2NET,
Supergen, London Hydrogen Partnership, Welsh National Assembly Sustainable
Energy Group etc) and overseas. Consultancies and experts also provide information
channelled from these networks to individual actors, e.g. policy and funding bodies,
project developers and local and regional bodies.
The sub-sector is funded from a diverse range of UK and international sources.
Winning funding often relies on working within project consortia, which promotes
knowledge sharing between actors in different areas of the system. University
research is funded from a range of sources, including dedicated EPSRC funding,
cross-subsidising from other department funds, companies, DTI, Carbon Trust and
EU Framework programmes. The University of Glamorgan has benefited from EU
Objective 1 funding, and in Scotland, tidal energy to hydrogen projects have been
supported by the Proof of Concept Fund from Scottish Enterprise, designed to
promote IP-stage technology. Technology developers interviewed were funded
mainly using private equity and internal funding from other work, but were bidding
for EU and Carbon Trust project funding and one had also received SMART and
other DTI funding.
The availability of suitable qualified people to work in this sub-sector appeared to be
good at the research level, as there is interest in hydrogen from students in university
courses. However, the one technology developer looking to employ an R&D team
considered that it would be very difficult to find people with enough experience to
lead work in a small, early stage company.
Electrolysis using renewable electricity
Universities working on this production route have an emphasis on publishing results,
as far as is possible within the constraints of working with technology developers.
Technology developers develop knowledge in-house, or work with universities. It is
at this level that IP is likely to be generated. The technology developer interviewed
aims to demonstrate the technology, then license the IPR, not sell products
themselves.
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Project developers source system components internationally, and would buy
equipment, or license IPR from the technology developer. AMEC, a project developer
interviewed, hosts SME days, where companies can present their technologies and
potentially find a route to market. They would not get involved at an earlier stage, for
example with university research, unless through a funded project consortium. These
consortia can include end-users, such as local and regional bodies, whose input would
feed back knowledge on applying technology to local conditions to the rest of the
innovation system.
Biological production
University research in biological production is at both a fundamental level, such as
production from algae, and at an applied level, such as some waste treatment projects.
Both benefit from crossover of knowledge from other, more established research
areas, such as anaerobic digestion. There is more collaboration between universities
than in the other production routes, and consortia may include more than one
university and Research and Technology Organisations (RTOs). Universities publish
where possible, but in more applied areas may hold and license IPR. Technology
developers may insist on holding the IPR themselves. As with project developers in
the previous section, waste producers are interested only with buying equipment or
IPR for established technologies.
Direct solar production
Research in direct solar hydrogen production takes place within a closely linked,
international research community, with significant crossover from PV research. The
IP for the technology currently being developed by the Hydrogen Solar Production
Company originated from a Swiss university. Continued development within the
company is carried out in-house, and through contract research with universities and
RTOs. RTOs are considered valuable in this area to take university research through
to commercialisation.
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4.7.5 Innovation system maps
Hydrogen production from renewable electricity
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Direct solar production
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4.7.6 Partnerships
Direct solar production technology is at an earlier stage of development than the other
production routes, and so partnerships are weighted towards the research community:
linkages between the one technology developer in the UK and overseas universities,
and participation in a Faraday Partnership.
In electrolytic production and some biological production routes, the innovation
required is in demonstration of the systems. Most of the actors are involved in
partnerships, predominantly in the form of mixed groups of actors bidding for EU
Framework or Carbon Trust funding. These usually involve universities, technology
developers, project developers, and end-users or local and regional bodies.
Partnerships are essential both to realise the demonstrations and also to win funding.
Universities with demonstration-ready technologies are involved in joint research
with technology developers in most cases. These promote innovation directed towards
industry needs, and give them access to new products. In most cases these are shorter
term, more liable to change direction, and more restrictive in terms of IP and
publication than research council funded projects.
Technology users such as waste companies are prepared to work only with very near
commercial technologies, and are not prepared to get involved at an earlier stage
except as part of a consortium in a funded project. Project developers are prepared to
work with companies with less proven technology, in order to keep a competitive and
innovative offering to clients.
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4.7.7 IP
Universities working on hydrogen production publish and share information widely,
and do not consider IPR creation a driver for their work, but must protect IP when
working with technology developers. This had not been a difficult process for the
universities interviewed; the extent of IP sharing was clearly defined at the start of the
projects. In most cases, the technology developer has held the IPR when contracting
work to a university or RTO, though the universities interviewed hold a small number
of patents in other research areas, and would not rule this out for hydrogen
technologies.
IP protection is important to technology developers, to secure venture capital. This is
either in the form of exclusive licences, or patents, or potentially both. Both
universities and technology developers mentioned cost as a barrier to more extensive
patenting. Project developers license IPR from technology developers, and expressed
no interest in holding patents.
4.7.8 International dimension
The sector is very international in terms of research and technology, with information
exchange and sourcing of technologies worldwide. The considerable R&D in the area,
especially in the US, Canada, Germany and Japan is disseminated via the Internet,
conferences, visits and linkages between research organisations. Whilst project based
activities are more localised, with hydrogen production and use selected for the local
application, experience is shared with similar projects in other parts of the world.
4.7.9 Other system influences
At a university level, there was concern that progress was being hindered by the
structure of the Research Assessment Exercise (RAE). Firstly, as there is no category
for research in this multidisciplinary area – which could be broadly described as
environmental technology – research centres are grouped with other, often reasonably
unrelated research areas, so that their assessment does not reflect their work.
Secondly, the RAE judges departments by numbers of publications. As publication is
often restricted in public-private partnerships, this limits the extent of industry
collaboration.
The cost of systems is acknowledged to be the main barrier to wider market
acceptance of hydrogen technologies. With renewable electricity to hydrogen
projects, the risk associated with the renewable electricity generation project itself is
also a factor.
Electricity market conditions do not provide a clear influence on hydrogen systems.
However, some wind developers have found that under NETA, the economics of their
sites could be improved by adding hydrogen systems. The Renewables Obligation
would provide ROCs for renewable electricity generation, irrespective of whether it
was used to produce hydrogen.
There was concern that, under the UK and EU emissions trading schemes, avoided
methane emissions in waste to hydrogen projects would not be valued, nor would
CO2 captured, if this technology was included.
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4.8

Combined Heat and Power

Summary of main findings
Two distinct innovation systems in the UK for CHP can be identified. Community
(large-scale) CHP, presently based on natural gas combustion, but with increasing
application of biomass, is at the supported commercial stage. Micro-CHP, at the
household scale, is moving from the early demonstration to the pre-commercial stage.
Whilst innovation is occurring for both these areas, they face significant barriers to
successful commercialisation.
For micro-CHP, the UK has a small number of highly networked technology
integrators, undertaking significant development to integrate components and package
units, but the basic technology development is mostly occurring overseas. CHP
overlaps with a range of traditional technological and institutional areas of influence,
and has a potentially long supply chain to the individual household. The major players
are seeking to overcome this complexity, reduce risk to product quality, and establish
market share, by becoming integrated systems providers of micro-CHP packages
through retail lease arrangements.
For community CHP, innovation is mostly in systems development, supply chain
management, and project design and delivery, though applied R&D for biomass-based
CHP systems is also being undertaken.
Market creation programmes for micro-CHP are starting to be undertaken, including a
demonstration project covering 6000 households beginning later this year. However,
micro-CHP falls outside many support programmes, because of its small scale and the
fact that many measures, such as the Renewables Obligation, are not directed at the
residential sector or do not consider heating alongside electricity supply. The fuel
poverty issue has resulted in the exclusion of the residential sector from several
important measures which would otherwise give value to micro-CHP’s carbon
dioxide emissions benefits. A clearer institutional structure for micro-CHP – for
example, standards, planning, trade associations for installers, consents simplification,
routes to market - would facilitate market entry.
The relatively long payback period for community CHP means that commercial risk
(for example, relating to currently low electricity prices and high gas prices) combines
with policy risk (perceived lack of commitment to CHP targets) to create barriers to
take up. There are a range of policy support mechanisms, depending on the
technologies used, mix of end-users, etc. The need for a clear long-term policy
framework, and incentives for the involvement of other key actors, such as local
authorities and housing associations, were highlighted.
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4.8.1 Introduction
Cogeneration, or Combined Heat and Power (CHP) is the simultaneous production of
electricity and useful heat (and sometimes cooling, in ‘tri-generation’ operation). CHP
has traditionally had two main markets: large scale industrial applications driven
principally by the need for process heat (multi-MW) and medium scale use in
public/commercial buildings with relatively high and constant heat demands (e.g.
sports centres, hospitals, etc).
Many of the most attractive project investments have already been made in the
markets described, and falling electricity prices have reduced the returns on further
such investments. This effect is particularly strong in the UK. As the traditional
markets become saturated, and with the emergence of a variety of new technologies,
interest has risen in other markets for CHP, notably for residential buildings.
There are two primary approaches for implementing CHP for residential properties:
through micro-CHP units at the level of individual properties, and through
‘community’ scale systems serving groups of buildings via some form of district
heating system. Both of these approaches are being actively pursued at present, and,
in view of the differences between them, the innovation systems for micro-CHP and
community CHP are analysed separately below.
At the community-scale, emphasis is given to applications based on some form of
biomass resource, as distinguished from non-renewable, natural gas-fired systems.
Micro-CHP is at present planned to be natural gas-fired, and that is the focus of this
review. However, with future development of fuel cell technologies for micro-CHP,
there are good prospects for a longer-term migration towards other fuels, including
hydrogen.
Potential
Both micro and community CHP are competing for a share of the residential
space/water heating market, with power generation as an additional benefit. The
overall long term market is therefore for all residential heating. However the
timescales are relatively long, as stock turnover for buildings is very slow, and for
heating appliances is at least 10 years.
A majority of residential properties in the UK are centrally heated, but there remains a
significant fraction which is not, reflecting for example excessively high costs of a gas
connection to some rural properties. Such properties are not an attractive market for
either form of CHP.
Community CHP requires medium to high density accommodation to minimise heat
transmission distances, and is thus most suited to urban and suburban applications. It
is an option for retrofit into existing developments (which perhaps have a heat-only
district heating system already). However, the most active market is in new housing
developments, where CHP is being promoted as part of environmental developments
more generally. Given the need for new housing in the next 10 years, and the
emphasis given to brownfield and other dense urban developments, the opportunities
are large.
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Micro-CHP is seen by proponents as a contender to replace central heating boilers
throughout the residential (and small building) sector. The Energy Saving Trust has
recently published a report prepared by EA Technology on the potential for microCHP, which estimated that 1 million systems could be installed by 2010. A market
research report by Frost and Sullivan estimated a figure of 500,000 units by 2010.
Several hundred small (<1MWe) installations are now operating in the UK, based
largely on gas-driven reciprocating engine technology with engine jacket and exhaust
heat recovery.
Technology
'Conventional' CHP usually comprises a diesel-cycle gas-engine (from a few hundred
kW to 10MW) or a gas turbine (5MW to a few hundred MW). The emerging
technologies at the focus of this study have an economic scale that is smaller than a
traditional diesel engine, making them suitable for a wider range of applications.
Micro-CHP
There are two main technologies being pursued: in the near term (1 to 3 years)
Stirling engines are approaching commercialisation and should offer a robust
installation; in the longer term (5 to 10 years), fuel cells are expected to emerge as the
preferred technology, with overall higher system efficiency as well as more flexible
operating characteristics.
As a micro-CHP unit is intended to replace the conventional gas boiler in a central
heating system, the performance requirements and constraints are particularly onerous
and are significantly different from those of conventional CHP. Micro-CHP systems
must be able to operate reliably with service intervals equivalent to an annual gas
boiler maintenance. At the same time, economic considerations require in excess of
2500 operating hours per year.
Stirling engines typically have quite low electrical efficiency (12-25%), but this yields
a heat to power ratio which suits most typical residential applications. Some
developers (e.g. BG Group) are developing units with 'combi-boiler' functions for
instant hot water availability. Several fuel cell variants are in development and in field
trials worldwide, but none are expected to be truly commercial for at least 5 years.
The only commercially available IC engine based unit is produced by Senertec in
Germany with an electrical output of 5.5kWe and 10kWt thermal. However, at this
scale it is a multi-residential unit with relatively high noise level making it suitable
only for plant room applications. The need for catalytic emissions control, acoustic
attenuation and extended service intervals impose severe cost and size constraints on
the unit. It is understood that Honda are developing a 1kWe unit suitable for
individual homes, but the limited reports in the public domain indicate that acceptable
performance has yet to be demonstrated.
Community CHP
Today’s community heating schemes usually consist of a central, but locally-sited
energy station with high efficiency gas-fired modulating boilers, coupled to a
reciprocating engine or gas turbine CHP plant. The CHP unit is normally sized to
meet the baseload heat requirements of the scheme, with the heat-only boilers
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providing supplementary heat. These systems are well proven, robust and generally
reliable. However, they do require regular maintenance and servicing to ensure
availability and are sometimes limited in size and flexibility. Smaller-scale
applications of district heating are also emerging, based on ‘mini-CHP’. Mini-CHP
systems for small commercial or multi-residential groups use conventional internal
combustion engines or newly available micro-turbine technologies, which are being
developed with fairly good performance, electrical generation efficiencies of 40% and
overall efficiencies above 70% expected within 8 years. Microturbines were
developed from vehicle turbochargers and auxiliary power aircraft turbines, and offer
a product with the inherently low maintenance requirements of turbine technology.
Currently being developed by several manufacturers, their early application in the UK
market has now begun for distributed generation, cogeneration, energy management
and standby power applications in building services, horticultural, and resource
recovery markets.
Products are available in a range of configurations, delivering from 30 kW to 500 kW
of electricity, with between two and three times the quantity of heat. The products are
fuel-flexible and offer a total energy package delivering heat and power. The end user
benefits from energy cost savings, ultra low emissions, and low operation and
maintenance costs. With high efficiency and low operating costs, microturbines can
provide effective payback in some applications. However the capital cost of such
units will need to fall further for wider uptake.
There is growing interest in fuelling community (and other) CHP using biomass
and/or waste. Most interest is in the use of gasifiers coupled with some form of gas
engine. For example, the Bedzed residential development will have the entire heat and
electricity needs of the site provided by a 130 kW CHP plant that uses gas derived
from tree surgery waste as its base fuel.
Associated technology
Innovation in control technology, in network interfaces and in 'smarter' metering is
beginning to assist the developments of new CHP applications, and to ease traditional
constraints. Many of these technologies apply equally to the application of some
renewables, and are thus cross cutting.
Status
CHP plants at all scales account for around 6% of the total electricity generated in the
UK, including 15% of the electricity used by industry. The current Government target
is to have at least 10 GWe of CHP in place by the year 2010, although its technical
potential is higher. Research carried out for the DETR in 1997 put the economic
potential of CHP at between 10 and 17 GWe and subsequent work identified a further
2 to 3 GWe of cost-effective potential for CHP in community heating. The total
economic potential for CHP across all sectors therefore lies somewhere between 12
and 20 GWe. However, currently low and falling electricity prices, and rising gas
prices act to reduce the economic benefits of CHP, and thus the short term prospects
are relatively poor.
Large CHP plants serving industrial sites make up the majority of UK CHP capacity
with just 81 plants making up more than 80% of the total capacity. However, smallscale units are far more numerous. More than 600 sites are served by units rated at
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below 100 kWe, and more than a thousand CHP plants of under 1 MWe in size are
currently at work in the UK. Much of the industrial capacity serves industries which
have used CHP for decades, most notably the chemicals, oil refining, paper, food &
drink and iron & steel industries. In buildings, leisure centres, hotels, hospitals,
universities and group heating schemes (using community heating) are the most
popular locations for CHP. The emergence of new technology such as microturbines,
fuel cells and domestic-scale CHP should enable CHP to find new markets, as well as
expanding further into its traditional areas.
Natural gas now accounts for a little over half of the fuel used by CHP. Fuel oil and
coal are also used, together with a variety of ‘waste’ fuels, including refinery gases,
blast furnace gas and renewable sources such as landfill and biogases, and solid
municipal waste.
Emerging CHP options may be important in the future for a number of reasons. First,
it could provide significant savings in CO2 emissions, assisting in meeting Kyoto
targets. Studies have estimated a possible CO2 reduction for Europe of 7.5 million
tonnes per annum by 2020. Second, it could change the operation of the local
electricity distribution network by having a small feed of electricity (1-3kW) into the
grid, from a large number of houses in an area at some times of the day, particularly
peak hours, with both benefits for peak shaving but also challenges for system
management. Third, it could have a significant effect on the traditional domestic
boiler supply and replacement market, as micro-CHP is likely to be supplied, installed
and maintained by completely new consortium arrangements. Fourth, it could provide
new commercial opportunities for manufacturers, and for partnerships between
manufacturers, energy suppliers, financiers and others. The effects of the introduction
of micro-CHP will vary across the related industries, such as the fuel supply
industries, manufacturers, suppliers and installers.
A Government CHP Strategy has been under consultation for some time, with
publication delayed to ensure consistency with the recent Energy White Paper and the
process that follows it. The Government built into the Utilities Act the potential for a
new ‘obligation’, similar to that for renewables, to require either energy supply or
distribution companies to encourage the development of CHP, but it appears unlikely
that such a proposal will go ahead. Two further proposed changes to the electricity
licensing regime may benefit operators of CHP and district energy schemes by
making their power output cheaper to buy. The Government is to raise the limit above
which operators of electricity generation plant need to hold a generation licence, from
50 MW in most cases, to 100 MW. This is aimed at cushioning the effect of NETA on
smaller generators, particularly of CHP and renewables. More significantly, the DTI
is also consulting on increasing the limit for electricity suppliers from 500 kW, a
measure which will help a limited number of operators of district energy systems
which rely on electricity (and heat) sales to local consumers.
4.8.2 Actors in the sector
Micro-CHP
Overview
A micro-CHP installation comprises several principal parts: an ‘engine’ turning fuel
into motive power; a generator turning motive power into electricity, some balance of
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plant and the overall housing. A fuel cell system will differ in that electricity is
generated directly from the fuel.
As described earlier, Stirling engines are the front-runners for this application,
combined with relatively small and simple generator and control. The integration and
packaging of the system is a very important part of the overall product, given that
typical installations will, for example, be in residential kitchens, where noise and
aesthetics are much more important than in a conventional plant room.
Leading countries
The market prospects for CHP are strongly influenced by national characteristics of
the energy markets, relative electricity and fuel prices, and other institutional factors.
There is much variation in these factors between most countries, even within Europe,
and as such it is hard to draw general conclusions on market prospects.
There are three developers producing 1kWe units aimed at the individual homes
market. WhisperTech of New Zealand, BG Group of the UK and ENATEC of the
Netherlands.
The two leading fuel cell CHP system developers in Europe are Vaillant, using the
PlugPower fuel cell stack and Sulzer Hexis, using its own solid oxide fuel cell. The
first generation of Vaillant appliances will generate 4.5 kW electric power and about
35 kW heat, covering the power and heat needs of multi-family buildings typical in
Northern Europe with 4 to 10 apartments each. Smaller units suitable for singlefamily homes are expected to be launched later. Fuel cell development is outside the
scope of this sector review, as it is being treated directly within other areas of work
for the DTI.
UK Actors
There is a wide range of companies active in the CHP market in the UK. Technology
providers and integrators/packagers include:
• ALSTOM Power Generation Ltd
• Centrax Ltd
• Innogy Cogen
• London Heat & Power
• PowerGen CHP Ltd
• Siemens Power Generation Ltd
• Advantica Technologies Ltd
• Nedalo (UK) Ltd
• Microgen (BG Group)
• Baxi Group (owner of European Fuel Cell)
Of those, Advantica and Nedalo are closely involved with mini-CHP, and Microgen
is developing Micro-CHP. There are also a range of major electricity suppliers and
users, plus energy consultants, who are active in project development.
Leading universities and institutes with research activities in this area include:
• UMIST
• Strathclyde
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The following is a broad overview of the different types of actor involved in CHP
developments, focused on micro- and mini- scales, but with significant overlap with
the community scale:
• Technology developers: primary technology developers (e.g. in micro turbines
themselves) are outside UK (US, Japan, other EU). Some component parts being
developed in UK (e.g. high speed generators by Turbo-Genset).
• Integrators/packagers: currently strong overlap with ‘providers’ of systems (e.g.
BG Microgen who aim to be a single point of contact, leasing a micro-CHP
package to residential households at least until the market develops). In the longer
term, companies expect that the range of providers, and support service providers
will diversify, at which point each company may end up focusing further.
• Project developers/engineering consultancies: Currently watching the technology
developments and the market plans of the few providers. Undertaking studies
now, perhaps active involvement later.
• Supply companies (gas and electricity): For small scale applications, not much
involvement is required, besides standard supply contracts. For electricity
suppliers, may be some need for buy-back arrangements, but current micro-CHP
technology is intended to generate very little surplus electricity.
• Energy Service Companies: Strong prospects for emergence of ESCOs, linked to
the micro-CHP business, but undertaking related efficiency activities.
Integrators/providers may at first fall into this category, so as to ensure
technological success, and to reap maximum economic benefits (while capital
costs are quite high), the micro-CHP providers would like to have as much control
as possible. In the longer term, as investment costs fall, the range of service
providers is likely to diversify. This has both positive and negative implications
for the prospects for the ESCO approach.
• Distribution Network Operators: As for supply companies, the impact of microCHP on DNOs is not expected to be great. If connection numbers increase
markedly, then there will be pressures to develop active network control, but the
networks could probably absorb many micro-CHP connections (with the low
surplus power production currently planned)
• Research funders: EPSRC, Carbon Trust, DTI: Some micro-CHP technologies are
close to market now, and hence do not have high public-funded research
requirements. Fuel cells are seen as the next technological development in this
sector, with obvious RD&D needs. There is a range of activities being funded to
do with wider effects of developments in decentralised generation (e.g. the Future
Network Technologies consortium within EPSRC’s Supergen programme).
• Research bodies: Technology research activity in the UK is low, as most
technology providers are from outside the UK, and the technologies are in any
case close to market. There is some active research in the area of system
packaging and control, driven by companies with some university involvement
(e.g. BG Microgen). Most research activity is into the wider questions of system
effects, connection requirements, regulation and policy. This is being led by
workstreams within the Distributed Generation Coordination Group (notably the
Technical Steering Group) funded by DTI, and involves industry, key University
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electrical engineering groups and those with wider interests in systems modelling
and regulation.
Policy makers: EU Directives are seen as increasingly important. The
Cogeneration Directive in particular will be influential, as are a variety of other
instruments offering support for low carbon technologies (e.g. the forthcoming
European Emissions Trading Scheme). UK Government: there is an
uncomfortable split of responsibilities between DTI and DEFRA – the former
leading on support for low carbon technologies, but the latter responsible for CHP
as part of its energy efficiency remit. Government targets for CHP are helpful, but
the CHP strategy is still awaited post White Paper, following completion of a
consultation in Autumn 2002.
Market support: There are a variety of programmes which can, or could, assist
with market penetration, through grants and information activities. The Energy
Saving Trust takes the lead for CHP with electrical output below 1Kw (essentially
the residential market), and the Carbon Trust is responsible for sectors appropriate
for larger units.
Regulators: OFGEM are influential, through the conditions set for DNOs. The
price control review currently underway will have some effect, through its
treatment of connection charges and general market rules. However, the influence
on micro-CHP is not large, as such connections are not a major issue for DNOs.
Environmental regulation through the Environment Agency could focus on noise,
steam and NOx emissions. Current developments in this area are unclear. Of most
interest are possible developments in building regulations and home energy rating
schemes, which could benefit micro-CHP. At present, only larger buildings are
covered by regulations that are of relevance for CHP. However, developments are
expected which set requirements for minimum boiler efficiency.
Standards: Linked to regulation, efforts are underway within the industry to
develop technical standards for micro-CHP. Currently led by the Electricity
Association (e.g. G83)
Planners: There is expected to be little influence of the planning system on microCHP, as current technologies are seen as direct substitutes for existing boilers.
Housing authorities/developers: Local Authorities and Housing Associations are
key actors through their desire to minimise operating costs (in relation to
affordable housing commitments) and ability to buy in bulk. House builders could
also become important, but current incentives are less clear, and would need to
create clear economic benefits which result in demand pull.
Households/consumers: Micro-CHP is being targeted as a direct substitute for a
residential boiler, with marketing to be focused on annual cost savings. Consumer
perceptions are therefore key, both to the claimed economic case, and perceptions
of the supply chain.
Installers/heating trade: In the early phase of market penetration, there is likely to
be little role for the existing trades in micro-CHP activity, as the providers intend
to provide integrated packages. However, this is expected to change over time if
the market matures, at which point issues about skills and the wider supply chain
will become important (as they have been for condensing boilers).
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Community CHP
Overview
In 2001 the Government launched the Community Energy Programme (CEP) of
which community heating with CHP is the key element. The programme is managed
by the Energy Saving Trust and the Carbon Trust with development and capital grants
available. Emphasis has also been given by government to development of PFI
projects for domestic energy services.
In some cases community CHP schemes go forward based on well-proven and
commercialised technology (such as diesel engines), with innovation typically
featuring most strongly in project delivery. However, there are also new technology
developments in mini-turbines and in biomass fuelling.
Leading countries
Components of conventional CHP (including engine and generator) and district
heating infrastructure are widespread internationally, with involvement from many
large and international engineering groups. Much of the development work for the
emerging technologies has been undertaken in the US, with leading companies
including Capstone Turbine Corporation and the major aero-engine companies.
UK Actors
The list of actor types for micro-CHP above is broadly relevant for community scale
too.
In the UK, there are some notable examples of component manufacture (e.g. Turbo
Genset are leading in high speed generators) and there is some product packaging. For
example, the first commercial installation of a ‘MiniGen’ ultra-low emission
microturbine package was at WJ Findon & Son, a large horticultural grower based in
Stratford upon Avon. Advantica supplied the 30 kW unit, based on a Capstone
turbine, which will provide heat and power, and carbon dioxide to a large glasshouse.
Powerminster, part of the M J Gleeson Group Plc, was selected to develop the first
PFI at Manchester City Council’s Rusholme and Newton Heath sites. The contract
(signed in March 1999), was to install plant and equipment (including two CHP
machines) to provide community heating to six high-rise tower blocks. To build and
operate the scheme, a new service company was formed: the Manchester Energy
Company or MECO Ltd. In total eight or so PFI housing regeneration pathfinder
schemes have been agreed. It seems likely that management companies, or ‘special
purpose vehicles’ (SPVs), will be used in these schemes.
4.8.3 Drivers of innovation
Micro-CHP
Micro-CHP developers cite new business opportunities as their primary driver, since
such devices may enable ESCOs and utilities to enter new geographic markets and
increase customer loyalty. Microgen note that for their technology (and Stirling
engines in general), priorities have changed recently from innovation to
commercialisation. The environmental credentials of the technology are regarded by
developers as very important. There is no significant financial value on carbon
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emissions reduction at present, but the emissions reduction benefit is potentially very
valuable for image purposes to some end users.
Micro-CHP involves a completely new approach to engineering, packaging,
marketing and long term service, given both the small scale of plant and the target
market. Developers see the principal challenges as the need to reduce capital costs and
requirements for marketing and customer education. Government is thought to have
an important role here, and Microgen for example have talked to Treasury about
grants but received a negative response. A revenue neutral approach, such as a CHP
equivalent to the Energy Efficiency Commitment scheme as discussed in the CHP
strategy consultation, would be welcomed.
The measures currently in place with potential to support micro-CHP are relatively
few, as this small scale approach typically falls below the thresholds for support and
the residential sector is excluded from several climate-related policy measures.
Government support for technology development comes through the DTI’s
Sustainable Energy R&D programme, which supports a variety of technologies which
can include renewable CHP, fuel cell-CHP, micro-CHP and advanced gasification
technology, depending on priorities in any given year. The overall R&D budget is
currently £55.5m from 2001/2-2003/4.
The Government also recognises the need for measures that will enable the
commercialisation of micro-CHP. The Government is considering how best to
encourage the uptake of such technologies so that customers, energy utilities and the
environment can benefit from the considerable savings offered by micro-CHP
compared with conventional central heating boilers and electricity from the network.
The Government announced in the UK Fuel Poverty Strategy that it intends to invite
micro-CHP manufacturers to take part in a large-scale pilot to test the suitability of
the technology for fuel poor households. In total up to 6,000 installations will be
carried out over a 3-year period beginning later this year. The intention is to offer
micro-CHP through the Home Energy Efficiency Scheme (now marketed as the
Warm Front Team) from 2005, and this trial will help to identify any remaining
development work required. For the last decade the Energy Efficiency Best Practice
Programme (EEBPP) has been the Government’s major programme to promote
energy efficiency (including CHP) in the industrial, commercial and business
transport sectors of the UK economy.
Over recent years Best Practice promotion of CHP has been focused through the CHP
Club. The Club assists users and potential users to realise the full benefits of CHP via
the provision of information, the opportunity to network with other users and through
co-ordination with other promotional activities.
The aim of the current programme is for CHP to become the norm rather than the
exception for housing providers and developers, through a combination of
information, advocacy and funding. The two Trusts work closely together on CHPrelated matters and on issues related to energy services:
• The Community Energy programme, which is managed jointly by the Two Trusts
• Micro- and/or on mini-CHP, with the Carbon Trust taking lead responsibility on
innovation and regulatory issues and on market development in the non-domestic
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sector (where there are a number of opportunities for early adoption of miniCHP). The EST takes lead responsibility on market development in the domestic
sector.
Issues that may need further effort include:
• Standards - to ensure international compatibility of technology and easy
permitting etc.
• Supporting installer trade associations to build capacity
• Simplification of authorisation and planning consents
• Development of network planning strategies and capability
For micro-CHP different routes to market are possible. The direct sale route, via the
internet for example, to early adopters, might lead to installation and operational
problems, giving the product a bad name. Second, the conventional supply chain via
established distributors and installers, has the advantage of an immediate route, but
there is the fear that the additional cost of micro-CHP compared with a boiler could
make it difficult to sell (much as experience with condensing boilers). Third, the
specifier route for large scale housing projects, which is seen as viable though limited
in scale. And finally the ESCO route, operated by consortia of interested parties such
as manufacturers, energy utilities, finance houses, service organisations, etc. This has
the disadvantage of requiring new organisations and operating systems, for which
there are currently few precedents, but appears to overcome most of the problems
identified previously. Microgen intend to follow a version of the ESCo route, a least
for initial market entry and development.
Community CHP
There is a wider range of measures offering support to community scale CHP,
although whether a specific application will qualify is dependent on a combination of
factors, including technologies used, the mix of end-users etc
• Climate Change Levy exemption on fuel inputs to Good Quality CHP and on
Good Quality CHP electricity outputs sold direct to end users
• Climate Change Agreements to provide an incentive for emissions reductions to
certain industrial sectors
• The emissions trading scheme
• Eligibility for Enhanced Capital Allowances (ECAs) to stimulate investment
• Business Rates exemption for CHP power generation plant and machinery
• Changes to the licensing regime, benefiting smaller generators
• The launch of the £50m Community Energy programme to encourage CHP in
community heating schemes
• Promotion and support by the Carbon Trust, in non-domestic markets, and the
Energy Savings Trust, in domestic markets, for the development of energy
efficiency and low carbon technologies including CHP.
Ofgem have proposed a package of both short and long term measures for a fair and
transparent regulatory regime for distributed generation, which will play an increasing
role in meeting the Government’s environmental targets. The proposals for immediate
action include:
• Allowing generators the option of spreading the cost of connecting to the
distribution network, making it easier for domestic CHP customers who have a
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heating system which can generate its own electricity to connect to the networks
by establishing a standard set of procedures
Providing full and comprehensible information for prospective distributed
generators.

Work has begun on the distribution price control review to take effect from April
2005. Issues that should be discussed include:
• Developing financial incentives in the price control of distribution companies, so
there is a fair basis for connecting distributed generation to their systems
• Setting out more clearly what generators are charged for connecting to the system
and what they pay to put electricity on to the network how distributed generation
should be taken account of within the distribution price control process.
The overall driver for community CHP developers is often to develop projects that
work on a purely commercial basis, as while direct support is welcome in the short
term – to help overcome existing inertia and barriers – wider application/replication
means projects need to be bankable. Some of the early project developers (e.g.
Bioregional for Bedzed) have essentially altruistic motives to bring sustainable energy
projects into a mainstream enterprise model, whilst minimising environmental
impacts.
Project developers believe that clearly stated objectives backed by tax/fiscal measures
can provide the drivers for innovation. But there was an assertion from one company
that policy and incentives lag a fair way behind rhetoric due to lobbying by
entrenched vested interests. They argued that support is needed at all stages until a
market large enough to be self sustaining is established. The model of the Carbon
Trust has the potential to be very successful in delivering a real change in the way
things are done – provided it is given enough resources. A long term policy
framework can direct thinking and enable innovation as it unlocks research grants.
However, policy changes can seriously inhibit the deployment of promising
innovations.
A feature of community CHP is the need for engagement with a wide range of
stakeholders. Depending on the specific application, local authorities may have both
particular responsibilities in approval of plans as well as interests in promoting good
quality and/or affordable housing. For example, the local Council became closely
engaged with the development of Bedzed, as they perceived social and environmental
goals to be in addition to economic gains. For this reason they were well-disposed
towards the project and sold the site at less than full market value.
Not all local authorities share the same motivation, and project developers see an
important role of Government in sending strong signals through the planning system
(e.g. building regulations/eco-home ratings) which will encourage the use of wider
criteria in planning decisions.
4.8.4 Knowledge creation and diffusion
Micro-CHP
As discussed earlier, some of the fundamental technology development has been
undertaken outside the UK. However, there has been very significant development to
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integrate components and package units. For example, the Microgen unit was
developed at the Loughborough research centre of the former British Gas.
Manufacturing is primarily Japanese, who have expertise in bringing manufacturing
costs down.
For Microgen, all such knowledge is generated in-house, with expertise brought in
through employing people from the USA and elsewhere, and occasional contracted
expertise. Development work was funded primarily from internal resources of British
Gas, which had very substantial R&D commitment. Since restructuring, priorities
have changed and expenditure on innovation must now be targeted much more tightly
on commercial prospects. Stirling engines have moved towards commercialisation,
and thus fit this criterion well. Microgen will seek support from the Carbon Trust for
pilot demonstrations, but otherwise will have seen the development through to the
market without external funding.
Micro-CHP developers are generally supportive of the wider decentralised generation
industry, and participate in workshops/consultation exercises. This is a relatively
small business area at present, and interaction amongst key players has been quite
dynamic.
Community CHP
As for micro-CHP, much of the knowledge creation for community CHP is in the
assembly of systems suitable for purpose, based on components either well developed
(e.g. gas-engines) or being developed in other sectors (e.g. biomass gasifiers). Much
of the technical innovation is in systems development and there is further innovative
activity in project design and commercial delivery.
Bedzed is a useful example. Most of the technical work for the CHP (gasifier, engine
and generator) was done by B9, with UK consulting engineers Ove Arup.
BioRegional as project developer aims to make leading edge technologies work in
commercial terms. One of their important roles was in designing a full and coherent
sustainable supply chain by not only including the gasifier CHP but setting up a fuel
supply derived from local waste timber which would otherwise be landfilled. The
experience gained in such developments is not captured through patents or formal IP
arrangements. Instead, Bioregional try to share their knowledge with other
professionals through site visits and informally through personal contact and
enquiries.
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4.8.6 Partnerships
The nature of CHP developments, with many interested parties, suggests that
partnerships are important. Bioregional note the key to Bedzed was finding the right
partnerships, to form a ‘coalition of the willing’, with technologies which are precommercial and in an environment without significant financial support. Partnerships
also assist with dissemination of the resulting knowledge, better reaching practitioners
across a range of disciplines. Typically partnerships will include the private sector,
local government, NGOs, central government departments and agencies. The kinds of
partnerships formed depend upon the stage of product development.
MicroGen is linked with trade associations and, when they were nearer the R&D
stage, one or two universities. Now the company is nearing the manufacture stage, it
is beginning to focus on links with potential industries.
4.8.7 IP
A general view is that technical work leads, and patenting follows, since there is an
emphasis on learning-by-doing. Overall, this is not an industry sector in the UK with
a strong competitive edge in terms of technology development.
Given the desires of some technology developers to retain tight control of the
commercialisation of their products, some plan to remain licensees of the basic
technology in the near term, but may license out in future. Licensing is seen as low
risk (i.e. steady, modest income). Joint-ventures are regarded as high risk but with the
potential for greater returns. Some companies are therefore pursuing a mixed strategy
of the two.
4.8.8 International dimension
As described above, there are numerous international linkages in the UK innovation
systems for CHP technology, since most of the innovation takes place internationally
and is integrated and/or deployed within the UK.
In spite of clear recognition that prospects can be financially better for CHP
elsewhere, the UK industry generally aims to develop the home market first. The most
attractive markets in Europe are the Netherlands and Germany. More widely, the USA
has the greatest potential in the long term.
4.8.9 Other system influences
Other influences mentioned include:
• scalability
• perceived risk
• availability of enabling infrastructure
• public perceptions
• planning issues
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5

Cross-cutting findings: Technology maturity and systemic
interactions

Summary
Several cross-cutting findings emerge when technologies at different stages of
commercialisation are compared to the key questions on innovation systems. These
findings show the main drivers and activity at each stage, and the barriers to further
innovation. The progression of technologies through the stages of commercialisation,
and gaps at crucial points in this progress, are identified.
Basic and applied R&D technologies
Responsive mode funding allows personal interest and curiosity to proceed, but
directed programmes and industry support also influence the direction of research.
Technologies progress from this stage to demonstration in two major ways: via an
existing supply chain in a related market (albeit one supported by policy, such as PV)
or through the stimulus of a clear prospect of a (policy-supported) market, such as in
marine technologies and hydrogen.
Demonstration stage technologies
At this stage, actors collaborate to launch demonstration projects, often supported by
R&D funding from governments, and project funding from a wide range of sources.
However, in many cases it is very difficult for technology and project developers at
this stage to move from one to several demonstration projects. They are past the stage
of R&D funding and are attempting to attract funding for novel projects, but at too
early a stage for private sector interest or to benefit from market pull mechanisms.
Pre-commercial technologies
At this stage projects are still high risk. There is technical risk due to the relatively
small number of proven systems. In many cases the policy instruments specific to
these technologies (e.g. capital grants) are new, and there is uncertainty about their
longevity. Such instruments are necessary if the technology risks are to be financed.
Issues that surround market and regulatory risks are common to the supported
commercial options discussed below. In biomass systems specifically, there are also
risks due to the complexity of supply chains. In addition to this, the large range of
technologies and applications in biomass and to a certain extent in CHP, coupled with
a lack of knowledge, leads to confusion for potential consumers and the financial
community.
Supported commercial technologies
In these technologies, existing support mechanisms appear to be working, though it is
too early to judge the efficacy of many reasonably new measures, such as the
renewables obligation and fuel tax exemptions for biofuels. Innovation is
characterised by learning-by-doing. A stable policy climate in the long term assists
incremental development towards competitiveness with fossil fuels. There are market
risks, such as future variation in the price of ROCs. These are considered manageable,
provided the regulatory regime stays consistent, but additional long term signals
would be beneficial. There is some evidence that system influences that impede
technologies at this stage are beginning to be overcome in some cases – such as
planning and NETA in onshore wind, though costs of infrastructure development may
create a barrier in future – but obstacles remain for CHP and some biomass
applications.
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5.1
Introduction
This section provides a cross-cutting analysis of the main findings that emerged from
the interviews, workshop and expert analysis in each sector overview. Its purpose is to
make comparisons across the sectors, and to assist in the distillation of key
conclusions and themes – which are outlined in section 6.
Comparisons are drawn across the sectors in two overlapping ways. The first
discusses findings in terms of the six key issues identified in section 3.5: this
approach reflects the wider systems approach to innovation, discussed in section 3. In
this way, the complex interactions between different actors involved in the innovation
process become paramount. The main issues are:
• Drivers for innovation
• Knowledge creation, diffusion and exploitation
• Public/private partnerships (PPPs)
• Intellectual property
• International dimension
• Systemic influences on innovation
The second way in which comparisons are drawn is by identifying clusters of
technology within broad categories of technology maturity – from basic R&D through
to full commercialisation. This analysis is carried out within each of the six areas of
interest shown above. These stages were described in section 4.2 and represent a more
linear progression through innovation systems. This characterisation is used to
identify: the stage of development of different technologies; the technical challenges
they face, their different policy needs, and types of policy instrument that may apply
at different stages. The main sub-headings are:
• Basic and applied R&D
• Demonstration
• Pre-commercial
• Supported commercial
• Fully Commercial
5.2
Drivers of innovation
Basic and applied R&D stage technologies
Whilst basic and applied research is relevant to almost all technologies, the options
that are most firmly rooted in this stage are novel PV, and some hydrogen-related
options (such as solar hydrogen). The main drivers for innovative effort from the
perspective of innovators are as follows:
• Environmental concerns on the part of scientists and researchers.
• Scientific and technical interest in the potential for these novel technologies,
which could have a large number of diverse applications.
• Expectation of significant future market demand. In the case of novel PV, this is
partly led by the supply chain for more established PV. However, in hydrogen, the
expected demand is driven both by existing applications and a wider expectation
that hydrogen will play an important role in the long term.
In terms of the influence of funding actors (funders, investors), ‘market pull’ and the
wider policy context, the sector overviews suggest the following:
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Research Council and other government-led funding is important, but can follow
as well as drive the direction of research, since funds are available on a discipline
basis and in responsive mode, as well as through strategic R&D initiatives such
as Supergen.
The general direction of policy has a bearing on the efforts of researchers and
fundability of research areas – even for technologies which are unlikely to be able
to make direct use of policy frameworks, such as the RO, in the short term.
In some cases, there is participation by established companies – even where
commercial applications are remote. BP’s support for basic research into novel
PV provides an example.

Demonstration stage technologies
The main options in this category are marine renewables (wave and tidal), hydrogen
demonstration schemes and some types of novel biomass application. There are
several technology developers in the marine energy sector, though very few UK
companies are involved in hydrogen from electrolytic and biological production
routes.
There are strong links, and often shared motivations, between the actors involved in
technology development at this stage and the research community:
• Enthusiasm for technologies that offer environmental benefits, together with the
prospect of future markets appear to play an important role.
• The UK has a strong industrial and skills base in relevant engineering disciplines,
and a significant wave and tidal resource.
Policy has been important in some cases, especially for technology developers in
marine technology:
• In this sector, a major incentive to commercialise the output of university research
was inclusion of a dedicated tranche in the third Scottish Renewables Order
(SRO3). Whilst few companies have yet started operating SRO-contracted
machines, and DTI R&D funding appears to have provided for a substantial
fraction of progress, SRO3 has encouraged spin-outs and has helped companies
secure venture capital.
Similar transitional measures are not available at present in marine, or any other
technology sector in the UK. New development on the strength of benefits from the
Renewables Obligation appears unlikely and there is a significant gap between R&D
support and the ‘supported commercial’ support offered by ROCs:
• Developers are highly unlikely to pursue marine projects to secure ROCs, due to
cost, lack of demonstration and high technological risk.
• This means that prospective technologies risk reaching the ‘end’ of the R&D/first
demonstration stage with no prospect of support for the installation of the first few
commercial scale units.
• More supportive frameworks are available in other countries – providing a small
tranche of wave power with its own guaranteed market, for example. Companies
are prepared to relocate overseas if attracted by other national policy frameworks.
• Some private and public sector investors and funders suggested that in some
cases, UK spin-out entrepreneurs are too slow to bring in established commercial
management expertise.

101

•

A related issue is that R&D programmes appear better at encouraging spin-outs
than attracting established players, with appropriate commercial skills. This may
be one reason why spin-outs ‘stick’ at the R&D stage.

In hydrogen, there are as yet no university spin-outs, and most technology developers
are overseas. There is little policy support for renewable hydrogen production
demonstration and commercialisation:
• Some support has been made available, for example through Carbon Trust and EU
funded programmes. Where such funds are available, there has been demand for
hydrogen projects from various actors, including renewables developers and
electricity companies, and waste producers.
There is also demand for demonstrations in hydrogen, marine and biomass
technologies from local and regional bodies, especially in island communities, driven
by environmental concern and prospective economic benefits.
Pre-commercial technologies
Pre commercial technologies include offshore wind, micro-CHP and some biomass
options. For these technologies, the main driver for innovation is to improve
commercial prospects by improving cost and performance of technologies that are
reasonably well proven, but lack substantial market exposure:
• For technology developers, this creates a demand for innovation in components in
some cases, e.g. turbines, high-speed generators etc., though this occurs
internationally, and does not necessarily provide a driver for innovation in the UK.
• However, there is also considerable scope for innovation in project development –
for example, CHP integrators, offshore installation and engineering, and biomass
and waste project developers.
• As technology development is globalised, interest from UK actors may also be
sparked by overseas developers interested in the UK market.
The markets for these technologies depend upon policy, which is crucial for
development. Adequate, consistent and long term Government support is essential at
this stage to reduce technological, political and market risk:
• Policy support is market focused; for example, through the Renewables
Obligation, low fuel duty on biofuels and Climate Change Levy exemption, but
complemented by additional measures, such as capital grants for offshore wind
and biomass, and the large-scale pilot schemes in micro-CHP.
• The adequacy of finance was questioned. Even though these technologies are
more advanced than those in demonstration, they still have difficulty attracting
sufficient private funding due to high risk. For example, at present capital grants
appear to be inadequate to overcome technology and market risks in the first
round of development.
• Concerns were also expressed about the extent to which measures such as capital
grants would be sustained alongside near-market mechanisms such as the
Renewables Obligation. The importance of longevity was stressed.
Projects in biomass and CHP may also be driven by end-users with local or in-house
resources, such as waste producers or purchasers that respond to environmental
concerns, such as housing associations. Groups of resource producers may have
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individual drivers, for example, farmers interested in agricultural diversification, or
waste producers interested in new business opportunities.
Supported commercial technologies
The main technologies at this stage include onshore wind and some biomass
technologies, as well as PV for certain applications and larger CHP schemes. This is
an important stage in the commercialisation of technologies, and substantial
improvements to economics and performance have been made both in onshore wind
and PV.
In the UK, the majority of actors are at the project development and deployment level,
with few technology developers:
• As a result, relatively little product innovation originates in the UK. However,
there is scope for innovation in applications (for example, architectural
improvements to accommodate PV), and project development (for example, in
wind site characterisation tools).
• There are some technology developers present in several component technologies,
such as turbine blades, and in silicon wafer production. These have international
markets, and therefore are driven by policies and markets worldwide.
• The main focus of innovation in these technologies is cost reduction. This is done
through incremental improvements in technology, project design, and
manufacturing. Innovation at this stage is characterised by learning-by-doing.
The main drivers for involvement in these technologies in the UK, and worldwide, are
markets created by policy. A long term policy framework is vital for the technologies
to compete with conventional systems. Some may compete commercially in niche
markets (e.g. PV off-grid), but these may be restricted to a few technologies, and are
unlikely to provide a direct or rapid route to higher volume opportunities:
• Market support is at a national level, including the Renewables Obligation for
onshore wind, and capital grants and building regulations supporting PV. Both are
relatively new. Historically, UK policies have delivered rather modest amounts of
deployment in comparison with many similar countries.
• There may be support at a local level, through RDA renewables development
plans and local planning requirements, for example, though direct funding tends to
be limited.
5.3
Knowledge creation and diffusion
Basic and applied R&D stage technologies
Knowledge is created within universities and technology developers in the UK and
overseas, and shared both through strong international research networks and
collaborative working. Researchers are drawn from a wide international community.
There is also significant crossover between research areas, for example, PV to direct
solar hydrogen production, and anaerobic digestion in water treatment to hydrogen
production by fermentation:
• Collaboration takes places both through industry-funded university research,
including through the DTI LINK programme, and through groups formed for EU
and other funded projects.
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The university research community shares most information through academic
literature, conferences, and networks and has an active interest in dissemination.
The Supergen project was mentioned as promoting knowledge sharing between
UK universities in both hydrogen and PV, though one interviewee expressed
concern that they would be expected to work closely with other UK universities in
the same area, in which they would traditionally be seen as competitors.

Funding is from a diverse range of sources:
• Predominantly research council, EU and industry funding for university research.
• For the one technology developer, in direct solar hydrogen, private equity and
internal funding is key, though they have also benefited from DTI funding.
Demonstration stage technologies
Knowledge creation in these technologies is more focused towards technology and
project developers than in R&D stage technologies, although it still draws upon and
interacts with the pool of university research:
• As wave and tidal are further commercialised than hydrogen technologies, there is
less interaction between universities and technology developers, partly as a result
of IP concerns (see below).
• Specialist engineering firms are important sources of knowledge in the marine
sector.
In hydrogen, as mentioned above, there are strong networks linking universities,
technology developers and the demand community, which are needed as a result of
the diverse technologies involved in hydrogen systems:
• For early demonstration projects in hydrogen, funding for project consortia is
available from the EU, Carbon Trust, and some regional bodies, and requires
collaboration between universities, and technology and project developers.
Pre-commercial technologies
Commercial knowledge and IP are generated by technology and project developers,
either in-house or through more confidential partnerships with universities or
commercial organisations, including those overseas. Most knowledge emerges
through learning-by-doing rather than radical breakthroughs. Projects are supported
by a large range of Government support measures, and funding is also available
through Carbon Trust and EU schemes in some cases:
• In offshore wind and CHP there is limited interaction with the research
community as learning-by-doing predominates.
• Strong industry groups, such as the BWEA and CHPA provide a focal point. They
also address cross-industry concerns such as policy, standards and access to
finance.
• The biomass industry includes a wide range of different actor groups. There is a
good knowledge base in some areas, but activities are scattered and lack strategic
direction. There are some industry networks and information sources, but these
are fragmented, and most novel information comes from overseas. Several
industry and research groups mentioned overlaps between research, and
incomplete knowledge about other UK activities.
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Those who apply commercial technologies in the market have limited exposure to
early stage technology developers, since they require proven systems. One way to
overcome this is through ‘SME days’, as held by AMEC, a large engineering
company, where smaller technology developers are given exposure to its
engineers who may eventually become the channel to market for the technology.
AMEC benefits by gaining early understanding of emerging concepts that can
provide competitive advantage. Those who apply commercial technologies are a
vital source of practical information about operating experience for technology
developers.
In biomass and CHP projects carried out by groups of actors, such as Bedzed and
ARBRE, experience and knowledge has been disseminated to the wider industry
through conferences, site visits, etc.
In both CHP and biomass, knowledge provision to the end-user was thought to be
key. In both areas, there is a general lack of understanding of the applications, and
of the economic and environmental benefits of different systems options.
However, in CHP, this problem is being addressed by the industry and
Government, through initiatives such as the CHP Club.
In all technologies, there is funding for university R&D through research councils
and direct DTI grants. In biomass, this suffers from a lack of coordination, though
this is thought to be improving.

Several companies at this stage reported that they have problems recruiting suitably
experienced people with specialist skills, and this makes training a major constraint
and cost.
Supported Commercial technologies
Knowledge is generated in-house or through confidential partnerships, usually with
commercial organisations which are immediately adjacent in the supply chain:
• For example, Crystalox has focused, confidential relationships with the users of its
silicon products but would not share information with any others in the solar
sector.
• Wind power expertise is shared amongst the sector to some extent through the
BWEA, though the Danish National Laboratories, in particular, have been
supportive of the sector at a much deeper level for many years. There is similar
knowledge sharing at a project level for PV, but little at an earlier stage, as a result
of lack of activity in the UK and commercial sensitivity.
• A lack of appropriate applied engineering skills can be a constraint for
commercial development and deployment.
5.4
Partnerships
R&D stage technologies
At the research stage, partnerships are typically with other research and development
organisations as part of EPSRC or EU funded programmes, often involving several
parties:
• These provide good knowledge sharing, but are not necessarily focused on
specific market needs. Collaboration between the research sector and technology
developers (international) provides more focused problem-solving and was cited
by, for example, BG Microgen in CHP as their original development route.
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Industry funding for research raised conflicting views, with Imperial College
stating that solar industry research funding provided longer term support, market
relevance and less strictures than EPSRC funding, while the University of
Glamorgan pointed to the increased possibility of project priorities changing when
working with industry compared with when funded by EPSRC.

Demonstration stage technologies
For emerging projects in hydrogen production, systems innovators find it essential to
work with energy technology companies to be able to develop system concepts that
are based on real world operating data.
Partnerships in the marine sector are less common, due to increased competition
between technology developers, and less necessary, both in terms of system
development and winning funding. International collaboration on standards and
generic barriers is useful for all demonstration stage technologies.
Pre-commercial technologies
There are very few partnerships between technology and project developers and
universities at this stage. In wind and CHP this is thought to be unnecessary, as
learning-by-doing is key. However, in biomass, this is due to a lack of sector
interaction, and has been identified as a problem by Government. EU and DTI
biomass projects requiring partnerships have enabled some UK companies to develop
further.
Partnerships are important for all technologies for project deployment. For example,
schemes such as Bedzed and ARBRE involved partnerships between technology
companies, project developers, feedstock suppliers and end-user stakeholders such as
local councils. These are essential, as not all players have a clear driver for individual
involvement. British Sugar, a possible project developer, pointed to the absence of a
clear policy incentive as a reason that it had not entered into a partnership with a
technology developer.
Supported commercial technologies
Partnerships with universities are not significant at this stage in the UK, as the focus is
strongly on application and project development, rather than product development:
• UK project developers have some partnerships with technology developers in the
UK and overseas. For example, a UK wind developer has collaborated with
turbine manufacturers by taking early versions of new products and providing
feedback.
• In PV, partnerships are more likely to be with applications developers, to allow
access to new markets. Confidentiality agreements are used to protect IP in these
cases.
5.5
Intellectual property
R&D stage technologies
Many academic researchers do not use patenting since they aim to publish results
widely, find patenting difficult and time-consuming, and of no certain value.
However, in industry-funded projects or collaborations, all are aware of the need to
establish clear IP agreements at the outset, with the company generally holding the
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IPR. In novel PV, some universities require IP generated in industry-funded projects
to remain with the university. This can be a problem for some SMEs, however this
arrangement avoids the need to create ‘Chinese walls’ within research groups.
IP protection is essential for the few technology developers (in hydrogen) in the UK,
with each holding patents or worldwide exclusive licences. This is needed to obtain
private equity, but cost of patenting is also a barrier for small companies.
Demonstration stage technologies
IP generation is not of critical importance for university research, though universities
are becoming more aware of its value:
• In hydrogen projects, agreements on IP between universities and collaborating
companies have not been problematic, with cases of each holding the IPR.
• The increased emphasis on holding IP in universities was cited as a particular
barrier to SME/university interactions in the marine sector.
• Both universities and SMEs cited the cost and complexity of patenting as a barrier
to further patents.
• The attitude of technology developers to IP varies; some require IPR to obtain
venture capital, while others are reluctant to patent to avoid giving away
competitive knowledge.
Pre-commercial technologies
As the majority of innovation is in systems development, and learning-by-doing, IP
generation is not particularly important for many technology and project developers at
this stage. Developers have some IPR and license it, but are more likely to license
technology from other players, including those overseas. In biomass, however, there
is more innovation at a technology level, including within universities. Small
companies have developed IP that has been essential to receive venture capital, and
universities are becoming more aware of the potential for income from IP generated.
Supported commercial technologies
Knowledge developed through learning-by-doing was cited by many companies as the
main source of IP and this is very often not protected by patents, though
confidentiality and non-compete agreements do play a protective role. In PV,
patenting is thought to be complex and expensive, but more importantly can provide
competitors with information about developments. Secrecy, and deliberate complexity
can therefore be more useful in protecting knowledge.
5.6
International dimension
Overall, there are no technologies that are purely UK developed and applied, though
wave is currently the closest to this. All technologies have parts of the supply chain
represented in the UK, though few have the whole supply chain. The UK’s
international competitive position varies by technology, more specifically:
• Wind (onshore and offshore): the UK has a small number of innovative
component/sub-assembly suppliers to international turbine majors, but turbine
manufacture is limited to smaller scale devices. The UK has a number of project
developers with international reach and scale. The maturity of mainstream turbine
technology makes it unlikely that the UK could dominate this field, but it may be
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well placed to develop novel components based on experience gained
internationally and in offshore UK environments.
Marine (wave and tidal): Development and demonstration is continuing on a
country by country basis and until a ‘winning’ design(s) emerges this is likely to
continue. At that point consolidation is likely to occur around the winner(s). The
UK appears to have some international competitive advantage as a result of the
strength of its specialist and offshore engineering industry.
Solar PV: The UK’s main advantages appear to be in applications development,
R&D of next generation technologies and to some extent in materials supply. The
field in applications and systems development is still open; however in the PV
component sector, the absence of a major cell manufacturer is likely to confine
UK innovation to specific segments of the PV supply chain.
Biomass: The UK has a small number of technology developers in biomass energy
systems. However, the absence of a strong resource-based industry currently
places the UK at a disadvantage compared with other countries where there are
large forestry sectors, for example. Several sectors of UK industry have relevant
capabilities for biomass technology innovation (for example, process engineering,
power systems and engine development), though at present their activity is
limited.
Hydrogen from renewable sources: At present this sector comprises mostly highly
international R&D, with several UK universities playing a significant role.
Technology development is less prevalent, and is mainly occurring outside the UK
(for example in electrolysers).
District and micro-CHP: Many of the technologies required are developed outside
the UK, but then integrated in the UK with a local user focus. This is valuable for
integrators then wishing to tackle similar markets, but does not give competitive
advantage worldwide as markets vary widely.

R&D is, in all sectors, highly international in both its staffing and approach.
Technology development and sourcing is also international, and those technology
developers/integrators who are based in the UK are primarily considering the UK
market before expanding internationally to other markets with supportive policy
environments. Material and component developers, however, have a significantly
more international focus in most sectors.
5.7
Other systemic influences
R&D stage technologies
At a university level, there was concern that progress was being hindered by the
structure of the research assessment exercise. Firstly, as there is no category for
research in this multidisciplinary area – which could be broadly described as
environmental technology – research centres are grouped with other, often almost
unrelated research areas, so that their assessment does not reflect their work.
Secondly, the RAE judges departments by numbers of publications. As publication is
often restricted in public-private partnerships, this limits the extent of industry
collaboration.
Demonstration stage technologies
In the long term, grid constraints may prove a barrier to marine technologies. A
variety of grid issues were cited as a driver for hydrogen from renewable electricity
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sources. Interestingly, the penalties imposed by the New Electricity Trading
Arrangements (NETA) were also cited as a driver for hydrogen. However, developers
of onshore wind suggest that NETA is becoming less burdensome, and is more than
compensated for by the financial inducements offered by the renewables obligation.
Hydrogen production from waste and biomass will rely on integration and coordination between waste, energy, transport and planning policies.
Pre-commercial technologies
Inadequate market and supply chain networks in biomass lead to increased risk for
many actors and impact negatively on biomass development. Agricultural and waste
policies are also important. Both the relative costs of gas and electricity (the ‘spark
gap’) and NETA have impacted negatively on CHP. No specific factors additional to
those covered above were mentioned by offshore wind interviewees.
Supported commercial technologies
The activities of the electricity regulator OFGEM were mentioned by one PV
developer – who suggested it needed to become more favourable, and proactive.
Onshore wind developers suggested that the higher prices available for wind through
the RO, relative to the NFFO, were helping overcome planning barriers by allowing
development to proceed in less visually intrusive (and less windy) locations. NETA
was not felt to be a significant barrier by the (relatively large) wind developer
interviewed.
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6

Common themes and implications

As highlighted in Section 4, the new and renewable energy sector is diverse with a
wide range of technologies at different stages of development. Nevertheless, some
common themes emerge from analysis of the different innovation systems. Whilst
some successes can be pointed to, it appears that current UK innovation systems are
failing to bring many of these technologies along the path of development to
successful commercialisation.
There appears to be a case for further policy incentives to help overcome ‘gaps’ in
moving technologies along the innovation chain, justified by positive externalities in
creating options, reducing costs and producing environmental benefits. The current
policy and regulatory environment, and actors’ expectations of the future policy
environment, exert an appreciable influence on the rate and direction of innovation.
Furthermore, the risks are often appreciable, and it is unrealistic for every endeavour
to meet with success. It is not surprising that all those involved in innovation not only
seek some degree of consistency in policy, but also argue for policymakers to persist
with policies over a long enough period to allow for some technologies to succeed,
while others naturally fail.
The common themes relating to the effectiveness of UK innovation systems for new
and renewable energy technologies, and their implications for actors, including
policy-makers, are as follows.
1. There are ‘systems failures’ in moving technologies along the innovation chain
Technologies make progress towards technical and commercial maturity as a result of
the systemic interaction of a complex network of actors. On occasion, these systems
can fail, and innovative products can get ‘stuck’ at a particular stage. Systems failures
appear to be happening at two stages for several technologies in the UK: at the
transition between the demonstration stage and the pre-commercialisation stage, and
between the pre-commercialisation and supported commercialisation stage. In effect,
‘gaps’ appear to exist at both stages.
1a. Moving from demonstration to pre-commercialisation:
There are obstacles to companies seeking to move from the first one or two
demonstration projects to more substantial (though still small scale) levels of
deployment. Three intersecting reasons may be seen for this:
• Financing available for R&D and first demonstration projects is insufficient to
enable scaling up to the next stage. The incentive offered by near market measures
such as the Renewables Obligation or fuel duty relief does not provide a sufficient
level of support at a stage where returns are small, and risks and costs are large.
• The skills which are needed for large-scale demonstration and early
commercialisation may be different from the skills possessed by those involved in
the R&D and first demonstration stages.
• There is a danger of perverse incentives that keep technologies at the R&D and
first demonstration stages, as that is where public funding is available.
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Implications
• Policy incentives to support/create early niche markets may help to bridge the gap
to the pre-commercialisation stage. An example from the electricity sector is the
inclusion of a special tranche of support for wave in SRO3, and small tranches of
support now being offered for such technologies in some other countries.
Dedicated capital grants could also fulfil such a role. The levels of support may
need to be quite high on a per unit basis, but installation levels at this stage are
small, so total costs/burdens can remain modest.
• The involvement of larger players with the necessary financial backing and skills
base to fund and support larger scale installations of the technology should be
encouraged at the demonstration stage.
• Sticks as well as carrots may be needed, so that technologies which fail to
successfully make it over this gap in a reasonable time period should no longer
attract R&D support.
1b. Moving from pre-commercialisation to supported commercialisation:
Numerous real and perceived risks are preventing pre-commercial technologies from
large-scale deployment, as the rewards of large-scale deployment are not perceived to
be strong enough to overcome these risks. These include:
• The ‘technology risk’ inherent in the development to large-scale of any relatively
new technology, as to whether it will achieve expected performance levels,
efficiency improvements and cost reductions.
• The ‘market risk’ if the technology is being brought forward by a market-based
instrument, such as ROCs, relating to the uncertainty of future levels of reward.
• The ‘regulatory risk’, due to the fact that the markets are created by policy
mechanisms, which are subject to changes in policy priorities and changes in
government.
• Additional ‘systems risks’ for those disruptive technologies, such as biomass,
hydrogen and CHP, which require large changes to existing technological and/or
institutional systems.
Implications
• The potential for policy incentives to improve risk/reward ratios for project
developers and investors should be investigated. This may simply mean
additional funds – e.g. larger capital grants. However, there may also/instead be
scope for regulation to provide for much larger potential long term rewards, such
that the private sector is prepared to bear a larger proportion of early stage risk.
• The expectations and perceived perseverance of the policy environment is also
important (see below); rewards from the full range of instruments must be seen to
be stable over a sufficiently long time-frame.
• Knowledge networks to improve information about ‘disruptive’ technologies,
such as biomass, hydrogen and CHP, may help to reduce the perceived
complexity for additional stakeholders.
• There is a need to facilitate changes to institutional structures which are forming
barriers, such as the building industry in CHP and farming sector in biomass.
2. Expectations and knowledge about future markets are vital at all stages
Whilst it is clear that those technologies close to commercialisation are fundamentally
influenced by market conditions, their influence is also important at other stages:

111

•

•

•

A view of the long term market is important for any innovation other than ‘blueskies’ R&D. Innovations in early stage technologies such as hydrogen are
predicated upon the expectation that there will be a supported market, based, for
example, on ‘words of comfort’ in the Energy White Paper, even though the
current timing and mechanisms of market development are unclear.
Expectations of other players in the innovation system strongly influence the
direction and success of development. For example, technologies that have
received the backing of large industrial companies (e.g. thin film PV) inspire the
confidence of others who may provide enabling technologies.
Expectations of the emergence of a commercial market build momentum for nearcommercial technologies, assisting with the removal of barriers such as planning
constraints for offshore wind.

Implications
• Unambiguous long term support for new and renewable energy will have a selfreinforcing effect upon the innovation systems that provide energy technologies.
• A shared vision for the future of each area of new and renewable energy
technology between Government, industry and the research community should be
developed to provide an impetus for participants and new entrants to the
innovation system. These visions should be clear about where opportunities are
not envisaged as well as setting aspirations where there is potential.
3. The continuity of the regulatory framework is important
The need for a long term framework was emphasised by many parties and the
longevity of the entire range of policies and regulations is important:
• Some aspects of the support for new and renewable energy, such as ROCs, are
known to have a long term timeframe, which helps to provide stability. However,
the longevity of other additional measures is less clear in the long term, such as
capital grants for offshore wind and fuel duty incentives for biofuels. Whilst
individual technologies would be expected to ‘move out’ of these measures over
time, policymakers should be realistic about the amount of time required.
• There is also scope for a support measure, which has successfully helped to move
one technology to the next stage, to sustain and be made available for the next
technology to come through the chain. In this way, by maintaining the stability of
the support structures but enabling technologies to move through and out of
support, the system failures and gaps identified above might be addressed.
• Regulatory risk is a consequence of the uncertainty of all future incentives and
has an impact upon the financing of projects as well as the companies that
innovate energy technologies, and so should be mitigated as much as possible.
Implications
• There should be ‘perseverance’ on the part of policymakers to ensure that the
framework remains constant while technologies are able to move forward
towards commercialisation.
• The timeframes over which constancy needs to apply do vary by technology, so
‘one size fits all’ is neither essential nor desirable.
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4. Technologies failing at the demonstration stage provide learning opportunities
There is an attrition of ideas and technologies during the R&D stage, which also
extends to the demonstration stage. There is a perception that the failure of a
demonstration casts doubt upon the viability of all similar technologies. In fact, the
demise of an individual demonstration may provide valuable information for others in
the innovation system which could lead to the success of similar technologies.
Implications
• Support mechanisms at the demonstration stage should envisage that several
attempts may be necessary by one or more technology developers before a
successful path is found.
• Learning from unsuccessful attempts should be widely available to others in the
system as far as possible within the bounds of commercial confidentiality.
5. IPR can be burdensome for smaller companies, yet is vital for financing
SMEs in particular pointed to difficulties in registering patents and also in negotiating
IP ownership with universities in collaborative projects. Patents were also not
regarded as constructive by some. However, defensible IPR is essential to young
companies in securing private equity finance:
• Many companies tend to avoid patents in favour of confidential knowledge.
• Some companies avoid university collaboration since they are unable to secure
IPR and do not have the funds to purchase IPR generated through joint projects.
Implications
• Assistance should be provided to small companies seeking to protect genuine IP
protection which is potentially valuable in securing finance.
• Improved mechanisms for sharing IP between companies and universities should
be developed.
6. Skills are currently lacking in key areas
Several technology and project developers pointed to the lack of necessary skills in
the UK. This leads some to recruit internationally, while others devote significant
resources to training. This is less of a problem at R&D level, where sustainable
energy is seen as an interesting and attractive area.
Implications
• For the UK to compete in new and renewable energy technologies there should be
a predictive approach to skills needs, from R&D through to applied engineering,
for example, through centres of excellence.
7. Partnerships provide competitive advantage
Although the suggestion that collaboration is likely to be helpful may appear
somewhat obvious, the study has identified specific circumstances where partnerships
between companies and with end users promote innovation and provide competitive
advantage. Importantly, this applies equally to partnerships with players outside the
UK.
• Partnerships between technology developers and project developers can be
mutually beneficial. Technology developers are able to gain a closer
understanding of real world conditions and tailor their products for markets
accordingly. Project developers are able to provide advice about technology
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requirements that can lead to cheaper and/or more effective technologies being
made available to them.
In several cases, close co-operation between the developers and end users of a
pre-commercial technology has been essential, especially in novel or complex
projects involving many actors.
Partnerships between developers of complementary technologies can also
facilitate innovation, and reduce supply chain risk.

Implications
• It is important to raise awareness of potential opportunities for partnerships
between UK technology developers, project developers and end users, through
provision of information, such as industry guides. Events such as ‘SME days’,
where project developers invite developers of near market technologies to
demonstrate their products and discuss routes to market, provide an example. This
can then lead to increased interaction between actors, and potential collaboration
in future innovation.
8. Both targeted and flexible support for R&D remains crucial
Whilst the systemic nature of innovation has been emphasised throughout this study,
it is clear that many new and renewable energy technologies still require further basic
and applied R&D. Successful R&D requires adequate and accessible funding,
together with varying degrees of co-ordination and industry involvement. Targeted
research programmes are important, but so also is support for relatively unguided
research which offers greater discretion to researchers themselves.
• Responsive mode funding allows progress from generic or basic science, based on
technical interest or expectations of future opportunities, so that new options and
ideas can emerge.
• However, once research is more established, thematic funding programs can
encourage development that helps meet policy priorities, and sharing of ideas
through collaborations between universities.
• Progress in R&D also relies on an understanding of market needs. This can be
achieved through collaboration with technology and project developers, and
through strong industry networks.
Implications
• Co-ordinated funding initiatives should be encouraged, to focus activity, prevent
unnecessary duplication of effort and to provide continuity of support.
• Targeted dissemination of information about research activity to industry would
raise awareness of the range of research being undertaken in the UK, and
opportunities for innovation in industry.
• Strong sector networks involving universities, industry and policymakers should
be maintained/established to ensure that research needs are identified and shared.
These are notably absent in biomass energy in the UK.
• Collaboration between universities and industry should be facilitated. Modifying
incentive structures for academics, such as the research assessment exercise, and
improving the management of IP sharing between universities and industry, could
help facilitate successful collaboration for innovation.
• Core funding is important to create a secure and durable environment for
researchers to pursue new ideas and their application.
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Next Steps

This study analyses the UK innovation systems in six new and renewable energy
technology sectors. New and renewable energy technologies cover the range of
development stages, from basic and applied R&D, demonstration and pre-commercial
to supported commercial and fully commercial within niches, and technologies at
different stages face different drivers, barriers and influences. The innovation systems
approach suggests that successful innovation requires different actors with distinctive
roles to work together towards common goals. The findings of this study support this
and developing a shared vision between government, industry and the research
community for each sector is important. It also reinforces the importance of policy
incentives to overcome current gaps in the innovation chain by supporting or creating
early niche markets, and by improving risk/reward ratios for project developers and
investors. Such measures, combined with continuity or ‘perseverance’ of the
regulatory support, would help move these technologies towards self-sustaining
commercialisation more effectively.
This study will inform the ongoing work of the UK DTI Renewable Energy
Development and Deployment Team on a paper outlining how the government will
support the development and deployment of renewable energy technologies, in the
light of the Energy White Paper and the cross-government Innovation Review. Its
findings would be strengthened by further work, building on the start made in this
study. For example:
• A number of gaps are identified at key stages in the innovation systems of several
technologies. Further work could assess whether these gaps represent generic
areas where additional policies are required, or whether all such issues are
technology specific. Based on this, it would be possible to define a range of
possible policy measures for closing of gaps and provide recommendations for
implementation.
• Greater perseverance, in terms of the longevity of a range of policy measures, may
be required. Further work could analyse the cost reduction potential and market
risks of options that appear to be affected, and assess whether existing policy is
sufficiently long term.
• Getting the right balance of R&D activity is also important. Further work could
review existing programmes to assess whether the balance between supported and
directed R&D, and more flexible activity, could be improved.
• It would be instructive to analyse the innovation systems for a wider range of
energy technologies in a similar way, including some already commercial
technologies.
• This study focuses on the UK. Further comparative studies with innovation
systems for energy technologies in other countries would be valuable. It is hoped
that the OECD/IEA international case study on innovation in energy technology,
for which this report forms part of the UK contribution, will provide valuable
insights in addressing this point.
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Appendices

9.1
Contributors and consultees
This report was written and assembled by a core team comprising Alex Arnall, Tim
Foxon and Robert Gross (ICCEPT) and Adam Chase and Jo Howes (E4tech), with
technology sector assessment and senior review from a team of experts at ICCEPT
and E4tech.
Main contributors
Prof Dennis Anderson (senior review)
Alex Arnall (project integration)
Dr Ausilio Bauen (biomass)
Adam Chase (project management)
Dr Tim Foxon (project integration; innovation theory)
Robert Gross (project integration; wind and marine)
Jo Howes (project integration; hydrogen from renewables)
Dr Matt Leach (micro and community CHP)
Dr Peter Pearson (senior review)
Dr Jeremy Woods (PV)
Consultees
A number of organisations were consulted at a workshop held in March 2003 and by
interview during the development of technology sector overviews. The following
provided valuable assistance:
Wind
AMEC (DTI secondee)
National Wind Power/BWEA
DTI NRE Programme Manager
Imperial College (Aeronautics)
Marine (wave/tidal)
Ocean Power Delivery
Imperial College (Aeronautics)
DTI NRE Programme manager
PV
Crystalox
DTI RET Support Manager
Imperial College London (Chemistry)
Imperial College London (Physics)
Solar Century
‘BP Solar’ (former CEO)
Biomass
British Biogen
British Sugar
Central Science Laboratory
Leeds University
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Aston University
Hydrogen from renewables
AMEC
CREST, Loughborough University
Thames Water
The Hydrogen Solar Production Company
University of Glamorgan
Wind Hydrogen Ltd
Whitby Bird/Element Energy
Combined Heat and Power
Bioregional
Powerminster
Combined Heat and Power Association
BG Microgen
Cross-cutting issues
Carbon Trust
EPSRC
London Business School
Impax Capital
24seven
9.2

Basis for questionnaire given to consultees

9.2.1 Introduction
• Background of your organisation- technology scope, size, history, location,
customers/suppliers.
• Number of employees involved in technology innovation.
• Primary research directions, anticipated markets.
9.2.2 Drivers for innovation by your organisation, and in the sector in general
• What are the primary determinants or drivers of innovation?
• What is the role of government policy in creating incentives for innovation? In
what way does policy drive innovation? (Research direction? Timing?
Collaboration?)
• Does a long term policy framework influence innovation?
• What is the role of market forces in driving innovation?
• Is an early home market relevant for innovation?
• Do societal concerns such as human health and the environment influence
research directions? Who is influenced by these concerns within your
organisation?
• How do other actors drive innovation? Specifically technology developers vs.
energy distributors and users.
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9.2.3 Knowledge creation and diffusion
• What are the key sources of new knowledge, IP or new technology for your
work?
• Do you share knowledge, IP or new technologies with other players in the sector?
• How is this done? Formalised methods (Patents, licensing), expert mobility,
knowledge, consulting, joint research.
• Who do you think are the main funders and performers of innovation in the
sector?
• Annual grant/spend on innovation and how this has changed over time.
• Sources of funding - internal, government, VC, other.
• How have the ways in which you acquire knowledge changed over time?
• How is research carried out - individuals/teams/large multidisciplinary research
centres?
• What specific skills or qualifications are needed for people working on innovation
in your area? Are suitable people available?
9.2.4 Partnerships
• Are you involved in any partnerships, including public/private partnerships
(PPPs)?
• Do partnerships promote innovation within the organisation or within the sector
as a whole?
• How does the work done in partnership differ from that undertaken individually?
• What kind of knowledge is shared? (General knowledge from basic research,
specialised knowledge, new techniques, early versions of new products.)
• What are the most important methods of sharing knowledge? (Publications,
conferences, hiring scientists and engineers, informal personal contacts,
temporary personnel exchanges, contract research, joint research projects.)
• How are the partnerships funded?
• How are results and IP managed/shared?
• Have past PPPs been beneficial? Will you be involved in PPPs in the future?
• Are you involved in partnerships with small/startup or large firms?
• Do you have any strategic alliances of relevance to innovation?
9.2.5 Intellectual property
• Do you put conditions on IP of funded projects?
• How many commercially relevant inventions do you have?
• Do you have patents? How many over last 5 years? What are your reasons for
patenting/not doing so?
• Do you have licensed technology? Numbers of licences over last 5 years. Are
these exclusive or non-exclusive? Who is the licensing from/to?
• Income from licensing? How important is patenting and licensing as a source of
research income or an incentive to conduct research in a particular field?
• How important is patenting and licensing as a means of diffusing technology?
How does it compare with other channels of diffusion, such as scientific
publications, consulting, contract research, conferences, etc.?
• Do you have any spin-outs or start-ups (how many, how large, contribution of
public sector, including licenses and personnel).
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•
•
•
•

Do you have any concerns about IP licensing across the public sector/private
sector boundary?
How important are the following features in making your company's product and
process innovations difficult or commercially unprofitable to imitate? Technical
complexity, frequent updates, first-to-market benefits.
Approximately how long would a capable firm require to market a competitive
alternative to a significant innovation develop by your company?
In last 3 years, has your company published research in open literature? What
were the reasons for doing this?

9.2.6 Globalisation
• How globalised are your innovative activities?
• What drives globalisation of R&D?
• How important are: market access, proximity to sources of R&D, labour costs?
• Is the importance of these effects changing over time?
• How are your innovative activities becoming more globalised? E.g. collaborative
research, R&D facilities, mergers and acquisition of foreign firms.
• What foreign firms operate in this sector in the UK?
• How important are the following obstacles in limiting the ability of your company
to profit from its innovations in home or foreign markets? Discrimination in
favour of local firms (legal or in public procurement), copying by local
competitors, environmental regulations, incompatibility with local technical
standards.
9.2.7 Other system influences on innovation
• What other systemic factors influence innovation in the sector?
• What factors influence the ability of innovations to achieve market acceptance
and diffusion?
• What is the role of electricity (and other) markets – e.g. NETA, connection
charges?
• What is the role of government regulations – e.g. RO, capital grants, emissions
trading scheme?
• To what extent does the 'prevailing wisdom' about the likely best direction for
innovation influence your innovative activity?
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