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Structure
We begin in Chapter 1 by introducing the current drivers for bioenergy research in the context
of the wider agenda for renewable energy research in the UK, and summarising the interests
of the main national and international players in this area. In Chapter 2 we summarise current
UK R&D activities relating to bioenergy research, concluding with an analysis of strengths
and weaknesses of the field, leading to a discussion in Chapter 3 of future priorities for
BBSRC research, as we see them, and suggestions as to how delivery of these priorities might
be achieved.
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Executive Summary
1.

Bioenergy has an important role to play as part of a multi-faceted low-carbon solution
for the UK’s future energy supply. There are powerful, long-term environmental,
political and economic drivers for the development of the UK (and international)
bioenergy sector. In the framework of the Government’s 2003 Energy White Paper
and its associated regulatory apparatus, the UK has seen commensurate increases in
commercial activity relating to bioenergy, and the likely further development of the
sector has led to the coalescence of R&D funders’ interests in bioenergy research.

2.

There are many possible biomass and bioenergy crops, multiple possible microbial
processing routes, and several possible usages of bioenergy feedstocks (combustion,
liquid biofuels and bulk bioproducts). It is, however, not yet clear where the balance of
the economic and environmental considerations will ultimately lie, and this may well
be dependent on future technological development. We consider that basic and
enabling bioscience will be necessary to develop future options for bioenergy,
especially substantial improvements in the efficiency of biomass production and
utilisation, within a framework of environmental and economic sustainability.

Recommendation 1
Bioenergy research is of high strategic importance. There are now very strong medium- to
long-term environmental and political drivers for renewables (including bioenergy) research
and commensurately increasing socio-economic drivers. We need to improve the efficiencies
of energy conversion in bioenergy crops, during production and processing, and high quality
underpinning bioscience research will strengthen and diversify bioenergy options for the
future. As the UK’s primary funder of non-clinical biological research, BBSRC is well
positioned to make a unique contribution to this research of strategic importance, and we
recommend that the Council should capitalise on this position.
3.

Despite strong multilateral interests in bioenergy R&D within the UK, split broadly in
the UK between the Government departments and the Research Councils (EPSRCled), there are international investments across the full spectrum of research, and
combined UK R&D activities must be considered to be lagging behind international
leaders in this field. There is clear strategic vision in Europe and the United States,
which is being matched by considerable resource investments, not least at the
bioscience end of the R&D spectrum.

Recommendation 2
UK bioenergy research must be undertaken in the context of, and with cognisance of, strong
strategic development and investment in the US and EU. We are aware of large, associated,
international resource investments and it is our view that the UK and BBSRC, in particular,
should maintain awareness of relevant international investments and not seek to replicate
them but rather to exploit existing resources through collaboration and strategic partnership.
4.

Overall energy conversion in plant biomass is low. Recent plant research has mainly
focussed on minimising non-edible biomass, and indeed on maximising agronomic
traits other than carboniferous biomass. There are thus many scientific opportunities to
take plant research in novel directions that can reasonably expect to double the
biomass yield. There are parallel gains to be made in the efficiency of microbial
conversion processes for biomass.
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Recommendation 3
BBSRC has a unique role in basic and enabling bioscience for bioenergy. Given the
importance of biomass yield to the economics of its exploitation, leading priorities are in:
1. Understanding the rates and efficiencies of photosynthetic carbon fixation, partitioning and
conversion - from photon to bioenergy feedstock;
2. Optimising biomass processing efficiencies to maximise extractable calorific value for
energy generation.
The above broad areas should be addressed in ways that lead towards predictive models of
biomass generation and use and apply this knowledge to a diverse range of bioenergy
applications. Where applicable, bioenergy research should be conducted with due regard to
sustainable, low-input agriculture as part of a whole system approach to land use/natural
resource management, and to optimising environmental and ecological benefits.
5.

‘Omics’ technologies now offer unprecedented opportunities to interrogate complex
traits of relevance to bioenergy, and to develop a ‘systems’ understanding. This will
be critical to establishing the commonality and diversity of processes regulating the
biological pathways of carbon fixation, biomass production and partitioning, and
microbial processing of biomass, and applying this knowledge to remove the
biological barriers to a diverse range of bioenergy applications. Commensurately,
BBSRC will fund exciting, high quality bioscience research that addresses
fundamental bioscience questions.

Recommendation 4
The UK currently lacks critical mass in the area of genomics for dedicated biomass crops, and
it would seem appropriate that BBSRC considers developing strategic alliances with some of
these large initiatives, particularly the USA DOE Programme, following the lead of Genome
Canada and Umeå Plant Science Centre (Sweden).
6.

The UK has an excellent research base in the plant and microbial sciences. However,
there are a relatively small number of PIs undertaking basic research of direct
relevance to bioenergy. The increasing profile of bioenergy research represents an
opportunity for realignment of research priorities in this sector, of both existing
researchers and through the capture of high quality new researchers.

Recommendation 5
The bioenergy research community in the UK lack critical mass. BBSRC has a role in helping
to grow the community and to focus it on the broad priorities identified in this report. We are
of the view that this is best achieved through encouraging high-quality applications in
responsive mode and ramping funding as demand grows. We recommend that:
• the scientific committees follow the lead of PMS and seek to identify specific areas
within their remit that address bioenergy needs;
• BBSRC should signal its long-term strategic commitment to bioenergy research and
facilitates networking in the community, e.g. through multidisciplinary workshops.
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7.

The BBSRC-sponsored Institutes have a clear role to play in the development of a
critical mass of expertises, facilities and unique resources relevant to bioenergy
research priorities, complementary to the University sector and others.

Recommendation 6
Council should encourage the development of a proposal from relevant Directors of BBSRC
sponsored-institutes for a new Cross-Institute Programme (CIP), involving other organisations
as appropriate, that draws together expertise of relevance to non-food crops and associated
land use.
8.

BBSRC must conduct its research in full cognisance of the cross-Council energy
activities coordinated by EPSRC, and consider contributing if and where this would
bring added value. However, in recognition of the Council’s specific niche in
underpinning bioscience research, we suggest that BBSRC may be better placed to
focus most resources unilaterally.

Recommendation 7
BBSRC should focus its investment in basic and enabling bioscience but ensure the agility to
contribute to other national programmes, where there is value in doing so. Internationally,
Sweden, Genome Canada and the DOE, USA should be viewed as valuable strategic partners
given their ownership of advanced genomic and post-genomic resources in this area. In
addition the USA has extensive expertise and resources in the production and use of
bioethanol and partnerships could enhance UK research in this area.
9.

There are several training, skills and careers issues that impact on our ability to deliver
the necessary bioenergy research, but none is unique to the area. Many of the skills
issues highlighted in the 2004 Review of BBSRC-Funded Research Relevant to Crop
Science are relevant here, such as the realignment of elements of the model plant
science and microbial science communities to crop species.

Recommendation 8
It will be essential to prioritise funds, especially in studentships and fellowships, in order to
help build capacity and capability in the bioenergy research area. BBSRC should have a clear
plan of its investment in training and skills for bioenergy, if necessary assigning funds as part
of the CSR process.
10.

BBSRC, working with others, has a role to play in public engagement relating to
bioenergy issues. The Council should seize any presenting opportunities to support
activities addressing societal aspects of bioenergy research and its applications.
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CHAPTER 1: DRIVERS FOR RENEWABLE ENERGY RESEARCH IN
THE UK
Introduction and Scope of the review
1.1

It is our view that bioenergy has an important role to play as part of a multi-faceted
low-carbon solution for the UK’s future energy needs. In this review we consider the
basic and enabling bioscience that will be necessary to develop future options for
bioenergy, especially substantial improvements in the efficiency of biomass
production and utilisation, within a framework of environmental and economic
sustainability.

1.2

We use the term bioenergy to encompass electricity, heat or transport fuels derived
from renewable (non-fossil) biological sources: typically the combustion of fresh or
processed (solid, liquefied or gasified) biomass or, potentially, electricity generation
through redox reactions in microbial fuel cells. Bioenergy research encompasses the
production and processing of biomass derived from agriculture or arboriculture,
human/animal and plant waste, microbial biomass and microbial processing of
biomass.

1.3

Bioenergy development in the UK has been impeded in the past largely by the
persistent historical low cost of crude oil and associated policy and development
barriers. The economic situation has undoubtedly changed. We have entered a period
of sustained high fossil oil prices, with a seemingly long-term upward trend. This
coincides with an increasing political focus on the need both to maintain national
energy security and to develop low-carbon solutions to address the energy gap.

1.4

We are aware of mixed views amongst commentators on the likely impact of
bioenergy. Some argue strongly that it will never be more that a niche contributor. Yet
others are persuaded that it will be a major facet of energy supply (even with a revival
of nuclear power) particularly for transport fuels1. Although it is difficult to predict the
prevailing socio-economics conditions in the coming decades we would point to three
clearly identifiable drivers, each of which will increase the attraction of bioenergy.
First, over the next 50 years the reserves of fossil fuels will continue to decline and
those that remain will be harder to extract; high oil prices will drive R&D in
renewable substitutes for petrochemicals.

1.5

Secondly, land use competition will grow, making dual- or multi-use crops
increasingly appealing. For example, a single crop is grown for grain, which is
harvested for food and then the remaining biomass is combusted for heat or fermented
to bio-ethanol. In this context the development of bio-refineries – based on the model
of petrochemical refineries – where raw product (plant material) enters and more than
one refined products are generated (including heat and power), is a logical ambition
for biorenewable petrochemical substitution.

1.6

Third, atmospheric CO2 concentrations will continue to rise well into this Century and
the pressure for low-carbon energy solutions with grow alongside the increasing
global impact of climate change.

1

‘Liquid biofuels and renewable hydrogen to 2050’ DTI (2004). See
http://www.dti.gov.uk/energy/sepn/h2bioassessment.pdf
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1.7

A further factor that is likely to increase the economic favourability of bioenergy is the
decentralisation of power generation through microgeneration (small combined heat
and power units serving individual homes, businesses or communities). This will helps
to alleviate the need to transport biomass from point of production to large regional
power stations. Microgeneration is currently a small contributor to the UK energy
economy, but with careful development could become a very major one by 20302.

1.8

The socio-economic and political considerations governing the development of
bioenergy are undoubtedly complex. So in this review, although we are aware of these
considerations, we have avoided trying to predict the future too closely. Instead we
have focussed on identifying the underpinning and enabling bioscience that will be
essential to deliver a range of bioenergy options for several future scenarios.

1.9

We set out the main research priorities for biomass in detail in chapter 3 of this report,
but at a fundamental level, bioscience for bioenergy relates to two overarching aims:
• optimising the sustainable production of biomass
• optimising biomass processing efficiencies to maximise extractable calorific value;

1.10

These principles underpin multiple technologies. Through funding appropriate basic
and enabling research, it is our view that BBSRC can help to remove or lower certain
biological hurdles to bioenergy and, thus, facilitate development of the field. BBSRC
will, in the process, fund some excellent bioscience and advance significantly the
understanding of plant and microbial systems.

Setting the broader context for BBSRC’s interests in bioenergy: strategic
relevance and the main players
1.11

There are powerful political and economic drivers for the development of the UK
bioenergy sector. We summarise these below but see Annex 3 for a detailed narrative.

1.12

The UK Government, through its 2003 White Paper ‘Our energy future – creating a
low carbon economy’3, has set ambitious targets for the UK to cut CO2 emissions,
alongside stated goals for energy reliability, fuel poverty and energy-related economic
growth. On the back of the Energy White Paper, the Government has driven forward
regulatory frameworks to foster renewable energy development in the electricity
sector, through the Renewables Obligation (RO4) and the Road Transport Fuels
Obligation (RTFO, heralded late in 20055).

1.13

The UK Government regards bioenergy as a portfolio of renewable and low-carbon
energy solutions based on the use of raw or processed non-fossil-derived biomass. The
2004 DTI Renewables Innovation Review6 reports that in the light of hardening
economic and regulatory drivers, bioenergy is increasingly favourable, and has gained
political, economic and wider public prominence, in the UK and internationally.

2

http://www.dti.gov.uk/energy/consultations/pdfs/microgeneration-est-report.pdf
Our energy future – creating a low carbon economy (2003) DTI. TSO publications. See
http://www.dti.gov.uk/energy/whitepaper/index.shtml for the paper.
4
Outline can be viewed at http://www.dti.gov.uk/renewables/renew_2.2.htm
5
See: http://www.gnn.gov.uk/environment/fullDetail.asp?ReleaseID=177217&NewsArea ID=2
&NavigatedFromDepartment=False
6
Renewables Innovation Review (2004) DTI. The review report and the series of reports commissioned as part
of the review are at http://www.dti.gov.uk/renewables/renew_2.1.4.htm
3
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1.14

Bioenergy will play an increasing role in an integrated UK energy solution. The
Biomass Task Force concluded that without wishing to predict future markets,
bioenergy solutions are in a unique position to provide direct replacements for fossil
oil-based transport fuels and heat generation7. Similarly, after an independent review,
the Carbon Trust concluded that biomass has the potential to deliver material carbon
savings today of up to 5.6 MtC per annum using UK resources alone, with using
biomass for heating via combustion and displacing fuel oil giving the most costeffective carbon savings and the closest use to being economic without subsidy at the
present time8.

The main players in renewable energy research
National
Government
1.15

The overall strategy for carbon reduction is overseen at Government level by the
Sustainable Energy Policy Network (SEPN), chaired by the Secretaries of State for
DTI and Defra. SEPN is responsible for delivering the 2003 White Paper through
partnerships with industry and other stakeholders.

1.16

Energy R&D is overseen by the UK Energy Research Partnership (UKERP), a highlevel research and innovation forum led by the Chief Scientific Advisor (OST), and
announced by the Chancellor in his March 2005 budget statement. UKERP9 brings
together the key funders of energy research from Government, industry, academia and
other relevant parties, to address issues across the full research and innovation
spectrum. BBSRC is represented on UKERP by the Director of Science and
Technology. In Scotland, SEERAD has set up the Forum for Renewable Energy in
Scotland (FREDS) to promote and encourage the renewable energy sector. The
Department for Agriculture and Rural Development of Northern Ireland (DARD) is
currently formulating its renewable energy policy document, which is under
consultation.

1.17

Bioenergy research is coordinated at Government level by Defra’s Bioenergy R&D
Funders Forum (BFF), which provides for inter-Departmental discussion on energy
crop R&D. The main aims of BFF have been to identify gaps in Government-funded
research in the area in relation to the objectives of its members, ensure good
complementarity and exploit synergies between research programmes, and
opportunities for collaboration. The members of BFF are Defra, DTI, DfT, SEERAD,
DARD, NAWAD, Environment Agency, Forestry Commission, BBSRC and EPSRC.

7

Biomass Task Force: Report to Government: October 2005. See
http://www.defra.gov.uk/farm/acu/energy/biomass-taskforce/
8
Biomass Sector Review for the Carbon Trust (2005); Carbon Trust Publication. See
http://www.thecarbontrust.co.uk/carbontrust/about/publications/Biomass%20Sector_FINAL.pdf for the report.
9
UKERP subsumes the previous High Level Energy Group (HLEG) and Energy Industry Research Group
(EIRG), which served related functions.
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Research Councils
1.18

EPSRC leads on energy research on behalf of the Research Councils, creating the
Research Councils’ Energy Program. This now incorporates EPSRC’s unilateral
energy programmes and the large multilateral energy research programmes. The
Research Councils’ energy programmes are set out in detail in Chapter 2, Tables 1 and
2, but for the purposes of an overview, the most significant investment in energy
research is currently EPSRC’s unilateral programme for nuclear fusion, which
contributes towards realising the very long-term panacea of highly sustainable, lowcarbon energy.

1.19

The Energy Programme subsumes two previously existing large multilateral
programmes focussed on renewable energy, including bioenergy:
• Towards a Sustainable Energy Economy (TSEC) which takes a whole systems
approach to renewable energy research and funds the UK Energy Research Centre
(UKERC). The UKERC was founded in 2004, and is a multi-institution centre that
aims to coordinate and lead UK energy research. The Executive Director of
UKERC is a member of UKERP, the high-level Government group. TSEC also
supports a research programme through consortia, and currently one of these is of
direct relevance to Bioenergy:
o TSEC-BIOSYS ‘A whole system approach to analysing bioenergy
demand and supply’. This consortium is considering the whole chain and is
interdisciplinary including bioscientists, engineers and social scientists.
•

SUPERGEN supports research for sustainable power generation and supply,
funding consortia assembled to tackle specific themes. Through SUPERGEN, two
current consortia have been funded of relevance to bioenergy research: the
Bioenergy consortium carries out research into renewable energy generation from
biomass; the UK Sustainable Hydrogen Energy Consortium (UK-SHEC)
addresses fundamental research challenges in the sustainable production, storage,
distribution and utilisation of hydrogen.

BBSRC
1.20

Currently a relatively minor player in strategic renewable energy research (see Chapter
2 for details), BBSRC funds a modest amount of unilateral strategic energy crop
research, largely through Core Strategic Grant at Rothamsted Research (RRes; Short
rotation coppices (SRC) willow) and the Institute for Grassland and Environmental
Research (IGER; Miscanthus). BBSRC also funds a large amount of relevant
fundamental research into the molecular mechanisms of photosynthesis, of strategic
relevance to organic photovoltaics, and on the manipulation of photosynthetic fluxes
and carbon fixation in plants. Similarly, fundamental research on plant development
including understanding the molecular mechanisms determining partitioning,
development, architecture, and plant quality, e.g., lignocellulosic quality, also provide
an important set of skills and expertise that may in future be developed to address
directly improved efficiency in bioenergy crops. BBSRC is contributing increasingly
to bioenergy research through the multilateral Research Council programmes TSEC
and RELU.
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International
1.21

Many countries have bioenergy programmes, many of which are directed towards
transport fuels in the form of bioethanol or biodiesel. Here we highlight a few of the
most significant international players in terms of scale R&D activity.

1.22

The most established and encompassing global collaboration relating to bioenergy is
probably that of IEA Bioenergy, established in 1978 by the International Energy
Agency, an autonomous body within the OECD10. IEA Bioenergy is an umbrella
organisation where national experts from research, Government and industry can work
together with experts from other member countries towards both policy and technical
outcomes. The work is carried out through an ongoing series of tasks, and resources
are provided through cost and task sharing.11. A diverse range of R&D is covered
under the umbrella of IEA Bioenergy. There were 11 current tasks in 2005, including:
socioeconomic drivers in implementing bioenergy projects; pyrolysis of biomass;
liquid fuels from biomass; biomass combustion and co-firing12. The IEA has no funds
for the direct support of research, but rather acts in a coordinating role.

USA
1.23

Following the Biomass R&D act of 2000, The US Federal Government set up the
Biomass Technical Advisory Committee. This cross-stakeholder and cross-expertise
committee has produced The Vision for Bioenergy and Biobased Products in the
United States (2002) and associated technology roadmap13. Of particular relevance
here, a roadmap for bioenergy research using a systems biology approach was
developed and published in 200514.

1.24

The roadmap identifies the major science and technology requirements15 to enable
biotechnological solutions to bioenergy, and was developed following consultation
with several hundred scientists over three years. The US strategic planning exercises
have been matched with sustained investment in the order of $120M per annum.

10

See http://www.ieabioenergy.com/IEABioenergy.php for more information.
Details of current tasks can be found at http://www.ieabioenergy.com/ourwork.php
12
Canada, France, Japan, Norway, Germany, Singapore, Sweden, Taiwan, Thailand and the UK are also all
involved in the IEA Annex 21 on Biohydrogen Production.
13
See http://www.bioproducts-bioenergy.gov/pdfs/BioVision_03_Web.pdf and http://www.bioproductsbioenergy.gov/pdfs/FinalBiomassRoadmap.pdf, respectively.
14
See http://www1.eere.energy.gov/biomass/pdfs/mypp.pdf
15
which include high throughput sequencing and post-genomic systems biology, computing, identification of
novel microbial sequences and enzymes for lignocellulose modification and using woody lignocellulose for
transport fuels.
11
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Canada
1.25

The ‘Genome Canada’ programme has funded a large genomics programme of forest
trees including poplar, which has created a large EST database and other resources,
although the primary aim of this programme is for understanding lignocellulose for
wood and paper supply16. Canada has one of the largest global resources in woody
biomass as a feedstock for bioenergy, but despite this, biomass still only contributes 6
% of Canadian primary energy requirements, with very limited use of current biomass
resources channelled into energy use17. Economic drivers have been cited for this
limitation. Canada’s bioenergy interests are increasing commensurately with the
leading international players, and it is likely to become a player of significance.
Globally, one of the largest production facilities for bioethanol from agricultural and
forest waste is Canadian18.

EU
1.26

The biomass action plan was published by the Commission in December 200519. This
action plan deals with a number of policy issues and addresses barriers to the
development of bio-based industries. It also reaffirms the EC commitment to:
• Improve the efficiency and optimisation of agricultural and woody crops for
bioenergy, particularly considering conversion process efficiency;
• Give high priority to the ‘Biorefinery Concept’, where plants are considered to
have primary, secondary and tertiary uses. No commercial operations exist in
Europe currently but this will be an over arching theme for Energy in FP 7;
• Develop a biofuel technology platform (perhaps using high throughput biological
‘omic’ approaches to improve productivity, sustainability and composition of
bioresources);
• Encourage the development of ‘second generation’ biofuels from wood and wastes
– currently more expensive and difficult to achieve. However, second generation
biofuels (produced through gasification and then catalytic conversion to
hydrocarbons) will have a higher quality and be suitable for jet fuel and diesel.
There is also a possibility that in future, bioethanol must be used from ‘more
sustainable’ sources, suggesting that the production of ethanol from agriculture within
Europe (as opposed to import from the world markets) may become more likely.

1.27

The European Biofuels Directive has been in place since May 2003, setting targets for
increasing the use of biofuels in transportation, requiring member states to work
towards 2% biofuels market penetration in petrol and diesel by December 2005, and
5.75% by December 2010. The UK committed to this directive in 2005. Out of the
EU’s 97 million Ha of agricultural land, 1.8 million ha were used for biofuels in 2005,
with biodiesel contributing to the largest share of this market.

16

See http://www.genomebc.ca/GBCResearch/researchProjectsDetails.asp?id=c1p05
See http://www2.nrcan.gc.ca/es/ener2000/online/html/toc_e.cfm
18
See http://www.nrcan-rncan.gc.ca/media/archives/newsreleases/2002/200237_e.htm
19
[SEC(2005) 1573]. See http://europa.eu.int/comm/energy/res/biomass_action_plan/green_electricity_en.htm
17
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1.28

The Commission recently published the EU Strategy for Biofuels20 with three main
aims: (1) promote biofuels in both the EU and developing countries, (2) prepare for
the large-scale use of biofuels by improving their cost-competitiveness and increasing
research into second generation fuels; and (3) support of developing countries where
biofuel production could stimulate sustainable economic growth. The strategy also
confirms that biofuel research will be a priority in FP7.

1.29

Of the individual member states in the EU, besides the UK, Sweden, Finland,
Germany, Austria and the Netherland have the most active bioenergy research
programmes. Data on the precise scale of the National programmes in these Countries
are hard to draw together21, but activity is understood to be in the order of that in the
UK (see chapter 2). Sweden is investing heavily in poplar and willow for combined
heat and power (CHP); Sweden has nearly doubled willow yields in recent years
through classical breeding and now research on a large genomic programme in
underway in poplar to produce contrasting quality and yield traits22. Germany is
investing primarily in biodiesel from oil crops.

Recommendation 1
Bioenergy research is of high strategic importance. There are now very strong medium- to
long-term environmental and political drivers for renewables (including bioenergy) research
and commensurately increasing socio-economic drivers. We need to improve the efficiencies
of energy conversion in bioenergy crops, during production and processing, and high quality
underpinning bioscience research will strengthen and diversify bioenergy options for the
future. As the UK’s primary funder of non-clinical biological research, BBSRC is well
positioned to make a unique contribution to this research of strategic importance, and we
recommend that the Council should capitalise on this position.

20

See http://europa.eu.int/comm/agriculture/biomass/biofuel/com2006_34_en.pdf for full report.
Although the numerous links at http://www.repp.org/articles/static/1/1010424940_7.html provide an
indication of activity types and scales.
22
See http://www.swetreegenomics.se/ for details.
21

13

CHAPTER 2: CURRENT
BIOENERGY RESEARCH

FUNDING

ARRANGEMENTS

FOR

2.1

In this Chapter we present a brief inventory of the research activities of the main
stakeholders in energy research, leading to a SWOT analysis of current bioenergy
R&D in the UK. This chapter, together with the first, sets the context for the
prioritisation of BBSRC’s future research interests relating to bioenergy, which is
addressed in Chapter 3.

2.2

BBSRC spends approximately £1.5M per annum in basic and strategic research of
relevance to bioenergy. Stated unilateral BBSRC commitments in bioenergy research
fall into two main areas:
• strategic biomass crops research (for direct combustion or combustion of
fermentation products from biomass substrates) and;
• basic research into photosynthesis and light harvesting complexes.

2.3

BBSRC’s directly-relevant bioenergy research spend from 1997 to 2005 is shown in
Table 1, divided into these two broad categories. BBSRC’s current and recent
bioenergy research interests are described in greater detail in Annex 4.
Table 1: BBSRC Bioenergy Research Spend, 1997-2005 (£k)
Research area
1997-98
1998-99
1999-00
2000-01
2001-02
2002-03
2003-04
2004-05*

Biomass
234
512
379
333
255
272
117
132

Photosynthesis
1,440
1,275
1,066
1,134
1,130
1,157
1,453
1,740

Total
1,674
1,787
1,445
1,467
1,385
1,429
1,570
1,872

* These figures above can be seen in the light of a total research spend23 of £267.8M per annum
(2004-05 snapshot).

2.4

23

BBSRC also funds research through cross-Council initiatives (see below). In
particular, BBSRC has recently contributed £0.65M to a £2.5M TSEC-funded,
consortium-based project entitled ‘A whole-systems approach to analysing bioenergy
demand and supply: mobilising the long-term potential of bioenergy’. BBSRC has
also co-funded a biomass project entitled ‘Social, Economic and Environmental
Implications of Increasing Rural Land Use Under Energy Crops’ to the value of
£859k through the second call of the cross-Council Rural Economy and Land Use
(RELU) programme.

Including responsive mode funding, institute core strategic grants, fellowships and studentships.
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2.5

The figures in Table 1 relate to a relatively narrow definition of bioenergy-relevant
research, and do not, for example, include the more substantial body of funding
relating to wider, underpinning basic research in plant and microbial genetics,
genomics, metabolism, disease/pest relationships, rhizology or wider ecology.
BBSRC’s investments in these wider areas are considerable. For example, for
2002/03, BBSRC funding relating to crop science and basic plant science totalled
£36.2M and 28.6M, respectively, and is presently rising with an annual increase of
approximately 8% 24.

The Research Councils’ Energy Programme
2.6

The Research Council programmes relating to renewable energy research are
summarised in Table 2. EPSRC’s activities are now subsumed by the Research
Councils’ Energy Research Programme. Led by EPSRC on behalf of all the Councils,
the Energy Research Programme aims to improve cross-Council coordination of
energy research. The Councils were simultaneously requested to increase the funding
of energy research over the SR2004 period from ~£40M in 2005/6 to ~£70M in
2007/8. A more detailed description of the components of the Research Councils’
Energy Programme relevant to bioenergy is provided at Annex 5.

Table 2: Energy R&D funding: Research Councils

Programme Councils Main research areas
involved

Approx.
funding level

Towards a
Sustainable
Energy Economy
(TSEC)

NERC,
EPSRC,
ERSC, with
participation
from BBSRC
and CCLRC

Focus on a whole systems approach.
- UKERC (£13M);
- Managing uncertainties (ESRC);
- Keeping the nuclear option open (£5M
including other EPSRC funding);
- Carbon management and renewable
energy.

£28M:
£20M from
SR2002, £8M from
Govt. performance
& Innovation Unit

UK Energy
Research Centre
(UKERC)

Funded by
TSEC
(NERC,
EPSRC,
ERSC, with
participation
from BBSRC
and CCLRC)

Co-ordination of UK energy research together with
leading research work. Focus on:
- demand reduction;
- future sources of energy;
- infrastructure and supply;
- systems and modelling;
- environmental sustainability;
- materials;
- networking (NERN);
- technology and policy assessment;
- meeting place;
- research atlas / research portal.

£13.5M / 5 years

SUPERGEN

EPSRC with
other
Research
Councils and
Carbon
Vision (*PIU
funding)

Sustainable power generation and supply – support
of renewable energy research through consortia:
- UK Sustainable Hydrogen Energy
consortium (£3.5M);
- Biomass and Bioenergy Consortium
(£2.9M);

£25M / 5 years

24

Review of BBSRC-funded research relevant to Crop Science: A report for BBSRC Council (2004). Report
available from: http://www.bbsrc.ac.uk/about/pub/reports/crop_sci_review12_05_04.html
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Programme Councils Main research areas
involved
(…SUPERGEN
continued)

Approx.
funding level

- Marine Energy Research Consortium
(£2.6M);
- Future Network Technologies Programme
(£3.4M);
- Photovoltaic Materials for the 21st Century
Consortium (£3.1M);
- Conventional Power Plant Lifetime
Extension Consortium (£2.1M).
- Fuel Cells Consortium (£2.0M)
- Highly Distributed Power Systems
Consortium (£2.4M)
- Excitonic Solar Cells Consortium (£1.0M)
- Energy Storage Consortium (£2.0M)

Nuclear Fusion

EPSRC

- UK domestic programme at Culham;
- UK contribution to JET.

Carbon Vision

EPSRC &
The Carbon
Trust with
ESRC

To promote innovation in low carbon technologies:
- Buildings for low carbon communities
(£5.4M);
- funding for SUPERGEN;
- low carbon industrial processes proposals
under consideration;
- other activities may include fellowships
with UKERC.

£14M

Tyndall Centre

NERC,
EPSRC and
ESRC

Transdisciplinary research related to climate
change:
- assessment framework for considering
climate
change with mitigation and adaptation;
- decarbonising modern societies;
- adapting to climate change;
- sustaining the costal zone.

£10M / 5 years

Sustainable
Technologies
Programme

ESRC (part
of a wider
Sustainable
Technologies
Initiative)

Social and economic research into the development
and use of more sustainable technologies including:
- wind farms;
- fuel cells;
- micro-generation;
- community energy;
- energy regulation (fellowship).

£3M

Unilateral
Programmes

BBSRC

Direct: Renewable biomass/biofuels –primarily at
RRes (£0.28M/year).
Indirect: Plant and microbe mechanisms of light
harvesting (£1.3M/year).

£0.28M/year direct
£1.3M/year
indirect

Unilateral
programmes

NERC

British Geological Survey
- carbon sequestration; nuclear waste
disposal;
- geothermal energy.
Centre for Ecology and Hydrology
- bioenergy, hydropower, wind power
Proudman Oceanographic Laboratory
- offshore energy generation

Not knowndiverse but
significant
interests.
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£48M / 4 years

Government funding for Bioenergy R&D
2.7

The UK Government is a major funder of bioenergy R&D. Defra funds a significant
amount of biomass/energy crop research, and the DTI supports R&D nearer to the
market. Until 2004 the DTI sponsored a managed research programme to assess the
environmental impacts of bioenergy crops and analyse supply chain issues. Most of
these projects have now been completed or nearly so. The data generated was used by
the Environment Agency to generate the Biomass Environmental Assessment Tool
(BEAT), designed to assist Agency staff in decision-making on biomass projects.
Defra’s R&D Programme is focused on efficiency of primary production (productivity
and yield stability), to improve the viability of biomass as an energy source. The DTI
also funds R&D on conversion technologies through industry-led projects. The
devolved administrations have interests in energy research R&D but as yet contribute
little tangible funding to the sector. Current and recent activities in bioenergy research
are summarised in Table 3, and described in more detail at Annex 6.

Table 3: Renewable energy funding: Government Departments

Organisation Main research areas

Approximate
funding level

Defra

Bioenergy Crops R&D Programme (Sustainable Farming and
Food Sciences Division). Genetic improvement and protection
of energy crops and the enhancement of the rural environment.
Focused on:
- increasing yields;
- disease and pest resistance;
- short-rotation coppice (SRC) willow;
- Miscanthus.

£0.9M in 2004/05

DTI

New and Renewable Energy Programme.
Fuel supply systems for energy crops, and agricultural and
forestry residues:
- Target of doubling energy crop yields (based on SRC
willow) from current yields of 8 oven dry tonnes
(ODT) per hectare.
- Equipment development for reduced costs and
increased efficiency.

~£2.5M PA

Bioenergy Capital Grants Scheme (closed). RO support
through:
- Biomass-fuelled heat and electricity generation
projects (£30M).
New Opportunities Fund
- energy crops power generation (£33M);
- small-scale biomass/CHP (£3M).

£66M

Nb. Energy crop production work supported by DTI is coming
to a conclusion. Future projects to be funded on a responsive
basis through the Technology Programme, and taking account of
the Innovations Review, but energy crops unlikely to be a
priority.
DTI is a member of IAE Bioenergy and Bioenergy ERA-NET.
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Scottish Executive

Currently reviewing priorities in the area, and reviewing ways
forward for biofuel development in Scotland. SEERAD has
indirect investments through ‘GREEN grain’, co-funded with
Defra and HGCA (genetic reduction of nitrogen emissions and
growing costs of wheat production whilst enhancing the value of
wheat grain for the bioethanol industry amongst others).

Very little direct
funding.
£50k total for
GREEN grain.

DARD

- Selection and disease/pests of SRC willow;
- clonal mixtures (up to 20 constituents) for disease control
and pest suppression.
(much of this work has been done in the context of growth for
bioremediation of wastewater, but is of relevance for energy
crop applications).

£? (moderate)

Environment
Agency

Funds small-scale hydroelectric and biomass energy.
Developing BEAT: computer-based predictive tool for potential
environmental impacts and mitigation responses to aid decisionmaking on biomass developments from an environmental
perspective, especially for environmental impact assessment
(EIA) scoping.

£? (low)

Forestry
Commission

Co-funding, with DTI/Defra/DARD, the project ‘Yield Models
for Energy Coppice Poplar and Willow- Phase IV.’
Other activity is highly applied, near market, e.g.:
- extraction, drying and chipping of woodfuel from
plantations
- ash recycling
- medium to large-scale recovery, baling, handling of
residue from logging.

Included in Defra
totals.

UK Industry
2.8

Biomass power and biofuel production plants are now an increasingly tangible feature
of the UK energy market at both larger and smaller scales, and these developments are
providing considerable industrial ‘pull’ for associated R&D. Notably, woodchipfuelled biomass plants are currently under construction at Lockerbie (E.ON UK;
44MW) and Teesside (SembCorp Utilities UK; 30MW) and funding is in place for a
Miscanthus-fuelled plant in Staffordshire25. These developments build upon the
success of some well established biomass power stations, including the largest strawburning plant in Europe at Ely (EPR, 38MW electricity) and several plants, dating
from the 1990s, fuelled by chicken litter26. In addition, some energy providers also cofire biomass alongside coal in their power stations27.

25

Eccleshall Biomass Ltd. See http://www.advantagewm.co.uk/news/biecc--farmers-handed-agencycash-boost-for--6-5-million-bio-energy-plant-in-staffordshire.html
26

EPR UK; 38.5/12.7/13.5/9.8MW plants at Thetford, Eye, Glandford and Westfield (Scotland) respectively,
operating since the mid 1990’s.
27
For example, E.ON UK/Powergen co-fires biomass at three of its power stations, and Drax power station
(Drax Power Ltd.) is currently co-firing biomass from grass and woody crops:
http://www.draxpower.com/environment.php?page=biomass
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2.9

There is also an emerging commercial commitment to biofuel production in the UK.
Of particular note, Greenergy have recently started construction of a biodiesel
production plant on Humberside, with capacity to produce 100,000 tonnes per annum
(potentially doubling in the future) from crude and used refined vegetable oil, and
British Sugar have begun construction of a straw-fed bioethanol plant in Somerset28.
On a micro-generation scale, a healthy market is developing for biomass boiler
systems (mostly woodchip-fuelled), particularly for public sector buildings, with a
number of high profile installations feeding wider interest29.

Industrial R&D interests
2.10

The DTI Bioenergy Capital Grants Scheme supported industry-led work at the nearcommercial and commercial end of the research spectrum, focussing on biomassfuelled heat and electricity generation projects (£30M), energy crops power generation
(£33M) and small-scale biomass/CHP (£3M).

2.11

There are additionally a number of industrial partners in academic research consortia
such as the SUPERGEN Biomass, Biofuels and Energy Crops consortium (Rural
generation; E.ON UK Ltd; ALSTOM Power UK Ltd) and UK-SHEC consortium
(collaborators include BP, BOC Group, Shell Global Solutions UK, Corus UK Ltd.,
Tetronics Ltd., Ileka Technologies Ltd, Qinetiq, Johnson Matthey). The TSECBIOSYS consortium is also developing close industrial links.

International bioenergy R&D funding
EU
2.12

Of relevance here, two networks of excellence are currently funded by the EU:
• ERA-NET Bioenergy. Running from October 2004, for four years, the objective of
this project is to establish structural cooperation between national bioenergy
research programmes in the member states, aiming towards cost efficiency,
improved quality and accelerated development. The UK, Netherlands, Germany,
Austria, Sweden and Finland are members, representing the EU states with the
most substantial national investments in bioenergy. UK ownership of the project
rest with the DTI, with EPSRC undertaking programme management.
•

EVOLTREE- Evolution of Trees as Drivers of Terrestrial Biodiversity. This
project will commence in May 2006 with 25 partners from 15 countries. The
project aims to overcome fragmentation in ecosystem genomics research linked to
understanding biodiversity in past present and future climates, and will provide
important coordination of tree genomic resources relevant to bioenergy research.

28

See http://www.britishsugar.co.uk/IsolatedStorage/94175874-67b5-4c33-9f38380233f14049/ContentAssets/Documents/Bioethanol/Bioethanol%20celebration%20press%20release%2031010
6_final.pdf
29
For example, at the Eden Project. See http://www.edenproject.com/395_6214.htm for details.
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2.13

Of particular note amongst EU member states, Sweden has been actively involved in
the development of bioenergy crops, principally SRC willow, since the 1970s, with an
original focus on plant breeding led by the Swedish company Svalöf Weibull AB.
Swedish varieties are now highly prevalent in the UK and European market. The
European Willow Breeding Partnership30 bred several new willow varieties for the UK
market. UK breeding efforts are now funded by Defra31. Willow breeding in Sweden
is continuing through Agrobränsle AB, who are linking in with the development of
genomic resources at Umeå Plant Science Centre.

USA
2.14

2.15

US bioenergy research funding is divided between several Government organisations:
•

The National Science Foundation (NSF) fund investigator-led, fundamental
research, offering 5-7 year grants. The NSF support well-regarded work on
photosynthesis and photovoltaics;

•

The Department of Energy (DOE) and Department of Agriculture both support
applied research to carry outputs to market: research often having a 20% industrial
contribution, increasing to 50% for demonstration funding. The DOE Basic
Energy group does cover some underpinning research, including a large
investment in ‘omic’ technologies through the Genomes to Life programme. A
biomass and bioenergy forum has been established to assist coordination to ensure
coverage of the full supply chain. The DOE spend relating to bioenergy is in the
order of $120M PA, focussed towards gene discovery for bioprocessing and
bioproducts.

The US private sector is a much bigger player than in the UK, with companies such as
Genencor, DuPont, ADM and Novozymes thought to be investing in the order of
>$100M PA.

Strengths and Weaknesses of the current UK bioenergy research
2.16

30
31

Based on the inventory of stakeholders and their research interests, and taking into
account the drivers for such research, we have summarised in Table 2 some of the
current key strengths and weaknesses of this field, as we see them. This leads naturally
to a consideration of potential opportunities and threats (Table 3).

A partnership between Svalöf Weibull AB, Long Ashton Research Station and Murray Carter, 1996-2000.
See www.biomass4energy.org for details.
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Table 2: Summarised strengths and weaknesses of current UK bioenergy research
STRENGTHS

WEAKNESSES

Policy and socio-economics
Government Energy White Paper and RO has set
UK energy industry ambitious targets for renewable
energy sourcing, providing a strong political driver
for renewables R&D

The economic case for bioenergy is not well
established historically (particularly relating to the
previous long-term global value of crude oil), impeding
R&D investment and focus
Lack of strong regulatory drivers in the renewable heat
sector, an area in which bioenergy solutions will be
particularly well suited, compared to the electricity
supply market.
Poor access to capital markets.

Science & Funding
A history of investment and interest in potential
bioenergy solutions over several decades.
Good collaboration and complementarity between
Defra and the DTI: Defra focused on primary
productivity while the DTI addressed supply chain,
environmental impacts and conversion technologies.
Strong plant and microbial academic research
communities in the UK. Commensurately strong
skills base in the plant sciences to underpin strategic
research.
The presence in the UK of strong University sector,
and several leading research Institutes in the areas of
agricultural and environmental research (IGER,
RRes, SCRI) and basic plant/microbial plant
research (JIC).

Fragmentation of bioenergy R&D funding and,
possibly, priorities. There has not been a concerted
multilateral effort in bioenergy R&D previously.
The quantity of research in bioenergy is very low
relative to the scale of policy interests and review
activities.
Bioenergy has not previously been a ‘headline’ area for
BBSRC-funded research.
Poor translation of basic plant science outputs to target
crop species34.
Lack of resources for genetic/genomic analysis in
woody/perennial species.

The presence in the UK of unique plant resources,
including the National Willow Collection, resources
relating to poplar and important microbial resources,
e.g. the UK National Culture Collection32.
A strong body of data collected for SRC and
Miscanthus performance in the UK33.

32

Coordinates eight major UK national microbial culture collections. See http://www.ukncc.co.uk/
For SRC, a process model for biomass accumulation was developed, that pinpoints gaps in knowledge
required to studying genotype-environment interactions and provides insight into critical biological processes to
improve performance.
34
Review of BBSRC-funded research relevant to Crop Science: A report for BBSRC Council (2004). Report
available from: http://www.bbsrc.ac.uk/about/pub/reports/crop_sci_review12_05_04.html
33
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Table 3: Summarised opportunities and threats to UK bioenergy research
OPPORTUNITIES
Policy and socio-economics
There are now strong sustained political and
environmental drivers for bioenergy research in the
UK, and hardening economic drivers particularly
related to global oil prices and the implementation
of UK regulatory devices (e.g. RO). Hardening
political and economic drivers should underpin a
sustained growth period for bioenergy R&D.

THREATS
Many parts of the UK energy and agricultural
industries are cautious of adopting bioenergy solutions,
which may undermine potential deployments and
associated industrial R&D
Poor past economic attractiveness and, therefore, enduser uptake of bioenergy solutions in the UK over
several decades has negatively coloured the perception
of industry relating to the potential viability of
bioenergy solutions.
Potential public hostility to bioenergy, relating to
public
amenity,
‘NIMBY-ism’
and/or
poor
understanding of its carbon credentials could
undermine bioenergy deployments and associated
industrial R&D35.

Funding
Improving coordination of policy and funding for
bioenergy R&D will likely lead to improved
efficiency and focus for bioenergy research, through
the coordinated Research Councils’ energy
programme and the UKERC.
Science
Development and capitalisation of genomic
resources for energy crop species and related crop
species, and numerous microbial species, to address
old biological problems with new tools:
• Sequence databases of microbial and plant
species ‘Genomes to Life’ Programme in
USA providing a major, publicly available
resource.
• Transcriptomic, metabolomic and
proteomic resources in poplar will be
integrated in a European Network of
Excellence – EVOLTREE.
• ‘Omic’ resources for other crops of
relevance to bioenergy are available in
Europe, e.g. brassicas, sugar beet and
wheat (for straw in addition to grain).
• Mathematical and modelling communities
and mature ‘omics’ science approaches
may now be applied in bioenergy crops.

Funding targeted away from bioenergy research
towards other areas.

International competition is very strong, and ahead of
the UK in this area: R&D in the US, in particular, is
considerably more developed and better resourced.
This area of science might be seen as applied, rather
than cutting edge and might fall between funding
"stalls" of Research Councils and Government
departments.
An ageing academic community in the crop sciences.
Diminishing undergraduate teaching in plant breeding
and management, and a paucity of UK plant science
and microbiology undergraduates- these disciplines are
not currently attractive for undergraduates.
Skills shortages in industrial microbiology.

An increased capacity for interdisciplinary research
generated by programmes such as RELU and TSEC.
An opportunity for reorientation of science within
the strong plant and microbial science communities.
Increasing media profile of bioenergy may
invigorate interest in undergraduate plant and
microbial science courses.
35

Conflict over biomass energy development in the United Kingdom: some observations and lessons from
England and Wales. B.R. Upreti (2004). Energy Policy 32(6) 785-800.
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Conclusions
2.17

A number of points emerge from the contextual information as set out in this chapter:
•

Defra, DTI, DARD, EPSRC and BBSRC together fund most of the UK’s precompetitive, strategic bioenergy research. However, much of current bioenergy
research is not directed at biological questions, and is highly applied, nearcommercial research (e.g. biomass combustion technologies, power plant
efficiencies). Whilst energy research is a highly populated field, the genuinely
biological part of the research spectrum is poorly populated.

•

BBSRC is currently a minor player overall in strategic renewables energy
research, funding a modest amount of strategic bioenergy crop research and a more
substantial amount of basic research that underpins advances in our understanding
of photosynthesis and basic plant biology. However, BBSRC occupies a clear
niche as the leading UK provider of fundamental biological research, and wider
investments in plant and microbial genetics, genomics, metabolism and
pathogen/pest relationships underpin both BBSRC’s own strategic research
interests in bioenergy, and those of the Research Councils, Government
departments and other stakeholders. BBSRC has an underpinning role to play in an
integrated energy research landscape.

•

BBSRC’s important role as the UK’s leading provider of basic biological research,
underpinning the wider strategic bioenergy research agenda, places the Council in
a strong position to seek to exert greater leadership and leverage in this area of
research, working with other funders and policy makers. There are several existing
networking and energy funding policy groupings36 through which BBSRC could
increase its contribution to bioenergy research dialogue and coordination.

Recommendation 2;
UK bioenergy research must be undertaken in the context of, and with cognisance of, strong
strategic development and investment in the US and EU. We are aware of large, associated,
international resource investments and it is our view that the UK and BBSRC, in particular,
should maintain awareness of relevant international investments and not seek to replicate
them but rather to exploit existing resources through collaboration and strategic partnership.

36

e.g. SEPN; TSEC/UKERC; Bioenergy Funders Forum.
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CHAPTER 3: FUTURE PRIORITIES FOR BBSRC BIOENERGY
RESEARCH
3.1

In this chapter we set out the top priorities for bioenergy research from BBSRC’s
perspective. As we have shown, bioenergy research is a crowded field but in our view
BBSRC has a unique and valuable role to play by concentrating on funding excellent
basic and enabling bioscience. In the second part of this chapter we discuss ways to
improve delivery of bioenergy research.

Current scientific opportunity for BBSRC bioenergy research
3.2

The genomics and ‘post-genomics’ eras offer new and unprecedented opportunities to
tackle biological issues of relevance to bioenergy research, as well as the means to
tackle them quickly and effectively. Advances in genomics allow, for the first time, a
way to interrogate the biology of complex traits and work towards a ‘systems’
understanding of particular biological phenotypes, and offer the prospect of more
effectively and efficiently manipulating the phenotypes of agricultural species.

3.3

There is much that could be achieved in bioenergy research. Current photosynthetic
efficiencies in crops are very far from 100%, probably nearer 1 to 2%, for reasons that
are poorly understood, and there is probably significant potential for improvement,
particularly in the subsequent dark photosynthetic reactions. The last 50 years or so of
crop breeding has focussed on traits that do not maximise the assimilation of carbon
and partitioning of it into high-biomass parts of a plant. Indeed, the trend has been
rather the opposite, decreasing structural biomass in favour of increased yields,
particularly for grain species (e.g. short-straw, high-yielding wheat varieties).
Biomass-specific genetic tools have, therefore, been poorly characterised until very
recently.

3.4

Despite this, considerable gains in biomass yields for some species have been made
over the last 15 years through classical breeding. For example, willow varieties have
been bred in Sweden that accumulate up to 160%+ biomass compared to reference
standard varieties37, and there is clearly additional potential. Genomic techniques now
offer the potential to accelerate the identification and understanding the underlying
genetic components controlling assimilate and biomass accumulation and partitioning,
and to revolutionise accelerated breeding towards the production of high/targetedbiomass varieties of crops.

3.5

Similarly, conversion processes for biomass to bioenergy are inefficient and energy
demanding and should, in future, be the focus of vigorous research effort. Several
routes exist for both liquid and solid biomass conversion (see Annex 7), that require a
match between known plant quality (lignin, cellulose, sugars, starch) and the
enzymatic processes that may be involved in conversion. Future research should focus
on optimising biochemical quality attributes of plants (feedstocks) and in the
enzymatic conversions that determine efficiency. Both aspects (plant and microbial)
are firmly within the remit of BBSRC.

37

Commercial varieties from the Swedish willow breeding programme. Larsson S. (2001). Aspects of Applied
Biology 65.
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Overarching priorities for BBSRC bioenergy research
3.6

There are numerous bioenergy feedstocks, conversion technologies and outputs that
might be taken forward by the marketplace. These are summarised at Annex 7,
alongside a brief exploration of potential bioscience R&D gaps relating to these
options. Given the diversity of potential feedstocks and technologies, it is our view
that BBSRC should not seek to predict future bioenergy markets and opportunities in
setting today’s priorities for bioenergy research funding. As set out at the beginning of
Chapter 1, we see that BBSRC should instead focus on removing key biological
barriers to a broad spectrum of bioenergy solutions, in the process addressing issues of
fundamental biological interest, and thereby funding excellent basic science almost
irrespective of strategic outcomes.

3.7

This is also consistent with a multi-purpose, multi-market model for crop production
that may be a key feature of sustainable agricultural practices in the future. It is
important to note that in addition to electricity, heat and transport markets, biofuels
will likely have an almost exclusive niche for the production of high-grade to lowgrade, complex organic petrochemical replacements, and the development of
integrated biorefinery models, along similar lines to fossil oil refineries, is therefore
increasingly attractive, gaining significant momentum internationally.

3.8

There will be a natural tension between the use of biomass feedstocks for combustion,
ethanol production and for the production of other materials such as bio-plastics. It is
not yet clear where the balance of the economic and environmental considerations will
ultimately lie, and this may well be dependent on future technological development. It
will be important for BBSRC-funded bioenergy research to be conducted in
cognisance of the potential tension between liquid biofuels, bulk-bioproducts (e.g.
polymers) and various forms of combustion for energy. It is important to underpin all
of these approaches (and others) at the present time, and to promote a rational and
open debate about the pros and cons of the various uses to which biomass feedstock
might be directed.

Two overarching research themes
3.9

We conclude that there are two broad but related areas of research where BBSRC can
have the most impact on bioenergy by funding basic and enabling science:
i. Understanding the rates and efficiencies of photosynthetic carbon fixation and
partitioning – from photon to bioenergy feedstock.
ii. Optimising biomass processing efficiencies to maximise extractable calorific value
for energy generation.

3.10

In exploring these areas, we recognise that the behaviour of a whole system is not just
the sum of its individual parts, and that a whole systems approach must be taken. In
particular, we recognise research should be conducted within a framework of land-use
sustainability. The following sections develop the above two headlines in more detail:
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i. Understanding the rates and efficiencies of photosynthetic carbon fixation from photon
to bioenergy feedstock.
3.11

This broad research area mainly targets the resource inputs, as mapped onto figure 1
in annex 7. Fundamental science challenges or questions within this area underpin a
number of broad resource outputs for bioenergy processes, as outlined in Table 4.

Table 4: Fundamental research challenges and associated strategic outputs within the
area of photosynthetic carbon fixation (and interacting pathways).
Research challenges
A. Understanding efficiency of carbon
sequestration and carbon fluxes in plants.
B. Control of assimilate and biomass
partitioning in plants. Including, notably,
control of plant cell wall
metabolism/composition (links to microbial
processing- see Table 5).

C. Understanding the control of growth
rate.
D. Understanding the mechanisms of
disease susceptibility and resistance.
E. Agricultural systems context for carbon
assimilation and partitioning.

3.12

Associated strategic output
Production of high biomass crops.
Production of crops with high proportions
of carbohydrate, sugar, protein or oil.
Production of solid plant biomass with
manipulated chemical compositions, e.g.
lignin, cellulose, hemicellulose; optimised
for processing and the composition of
derived fuels (e.g. biodiesel).
Production of fast-growing biomass crops
Production of crops with greater and more
durable disease resistance.
Indirect factors that influence the system
for carbon assimilation, e.g. water and
nutrient availability and use, and strategic
outputs, e.g. production of low-input crops.

Table 4 represent areas of plant and microbial research where key, fundamental
biological questions remain unanswered. Before the advent of genomic techniques and
systems approaches, making significant progress in the understanding of such
complex traits was extremely difficult and time-consuming. There is now potential to
revolutionise our understanding in such areas by applying genomic technologies.
Access to state of the art metabolomics technologies will also be of critical importance
for the accurate measurement of outputs.

A. Understanding the efficiency of carbon sequestration and carbon fluxes in plants
3.13

Whilst photosynthesis involves light-dependent and light-independent reactions, the
efficiency of the light-independent reactions is known to limit biomass productivity. In
particular, the highly inefficient CO2-fixing enzyme, Rubisco, is a major restriction on
carbon sequestration rates and it may be possible for improvement by manipulating
Rubisco genes to increase its enzymatic selectivity and rates. Surprisingly little is
known about the natural variation in properties of Rubisco and other Calvin cycle
enzymes. It may be possible to exploit existing natural variation by engineering,
breeding or mutagenesis.
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3.14

Whilst we recognise that research focussed on the photosynthetic light-dependent
apparatus is a very high quality body of work, it is not likely to generate significant
progress in the field of bioenergy. Improved understanding of organic photovoltaics
may inform more productive inorganic systems, but the light-dependent reactions in
vivo are non-limiting under normal growth conditions38. High quality fundamental
research on light-reactions is very competitive within responsive mode and stands
robustly without the need to make a strategic justification linked to bioenergy.

3.15

Downstream of photosynthetic carbon fixation, there is extensive knowledge of the
individual pathways in both carbon and nitrogen metabolism, but manipulation of
individual enzymes or pathways has not been successful in improving productivity;
this is evidence of the necessity of a systems-led approach. Better understanding of the
signalling/regulation and systems context of the light-independent photosynthetic
reactions could allow manipulation of the photosynthetic pathways to increase the
efficiency of carbon assimilation. Understanding the regulatory cross-talk of carbon
and nitrogen metabolism also represents an important challenge.

3.16

Work on model and crop plants has identified key components of signalling pathways
that regulate metabolism and link metabolic control with responses to stresses such as
drought and cold. Manipulation of these signalling pathways has been shown to have
profound effects on plant development, assimilate partitioning and photosynthetic
capacity. Techniques such as directed evolution have much potential for improving the
catalytic power of individual steps within a pathway, but impacts will need to be
analysed in a systems context of metabolic regulation.

B.

Control of assimilate and biomass partitioning in plants

3.17

What governs assimilate partitioning in model plants? And is knowledge of these
factors easily transferred to relevant crop species? As already discussed traditional
plant breeding has focussed on reducing the proportion of residue biomass (i.e. highcellulose structural parts) and increasing the protein/sugar rich components. In the
production of biomass crops, the reverse is true: focus is instead on increasing the
cellulose/carbohydrate vegetative biomass instead of protein.

3.18

By utilising cutting edge genomics to investigate the genetics of biomass partitioning,
and harnessing this knowledge to molecular genetic selection methods, it may be
possible to identify and select previously unvalued traits to produce new biomassoptimised varieties of familiar crops within a vastly accelerated timescale. Such
investigations will naturally focus on understanding the regulation/signalling networks
coordinating carbon metabolism, and interactions with wider systems- particularly
nitrogen metabolism, and particularly with respect to leaf and organ growth. It will
important to recognise that the environmental context will influence the outputs of the
assimilate/biomass control system; for example, intensive versus extensive
agricultural regimes and low input agriculture.
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That said, the light reactions may be limiting with respect to carbon fixation under stress conditions and would
need to be tested under the low input agricultural conditions envisaged for commercial production of bioenergy
crops.
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3.19

Control of plant cell wall metabolism/composition. Sugar and starch-based
fermentation to ethanol are both well-established industrial methodologies (the former
being used for many years for large scale production in Brazil). However, sugar and
starch are both important food commodities, and hence bioethanol production must
compete against, and balance with, food production. The conversion of lignocellulosic
biomass back into sugars (and then to ethanol) provides a highly attractive solution to
this issue, making use of crop residues with low economic value (e.g. straw, husks,
residues from timber and paper industries) in addition to providing another market for
dedicated biomass crops (currently grown primarily as CHP feedstocks).
Lignocellulosic biomass could therefore serve as a cheap and abundant raw material
for biofuel production. However, there are currently two major barriers to realising the
efficient conversion of lignocellulosic waste to ethanol. The first is the high resistance
of these materials to hydrolysis, and the second is the heterogeneous nature of the
polysaccharides in these materials. Both of these problems could potentially be solved
by well targeted plant cell wall research, to better understand polymer structures and
the action of plant and microbial enzymes, and to apply this knowledge to the
engineering of feedstocks and processing systems that optimise saccharisation of
lignocellulose. Relevant cell wall expertise in model plants is a strength of the UK
plant science community and there is a commensurate opportunity for the UK to take a
strategic lead in this area. However, there is a need for effective application of model
work to bioenergy-relevant crop species and goals in order to capitalise effectively.

C.

Understanding the control of growth rate

3.20

There is much capacity for improving our understanding of the genetic and enzymatic
factors controlling plant growth rates, and the steps exerting most control over the
production & use of biomass.

3.21

Plant growth is driven by the processes of plant cell expansion, plant cell division and
organ production. Our fundamental understanding of these processes has increased
dramatically in recent years. It may be tractable to manipulate both cell size and cell
cycle to produce high biomass plants, with examples of this already available (but not
for biomass crops). A systems biology approach to this problem, with focus on target
crops would be likely to produce genes and gene products that could be tested using
reverse genetics in appropriate models and a link to molecular breeding.
Understanding the effects of environmental stress on growth rate will represent a
major strategic challenge for bioenergy crops that must be adapted to low-input
(nutrients and, forseeably, water) regimes. Related to these issues, there may be
strategic outputs from a systems approach to understanding the genetic basis for
determining growing season durations (e.g. by drawing on research from model plants
such as Arabidopsis) and reallocation of photoassimilates at the end of the growing
season.

D.

Understanding the mechanisms of disease susceptibility and resistance

3.22

Understanding the complex genetics of plant-pathogen interactions is one of the great
contemporary challenges for plant science. As for any crop, plants with a high
susceptibility to disease and pests incur a high productivity cost in the event of attack,
but there is a low-level productivity cost associated with a high level of robustness
against disease. But for biomass crops, which are low input, low value crops, pests and
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diseases can lower biomass yields to below economic thresholds. Dedicated biomass
crops, such as willows, poplars and Miscanthus are all perennials that may be in the
ground for up to 25 years. The risk of new diseases emerging is therefore potentially
high as evident from epidemics which have swept though specific genotypes in
previous years. Applications of fungicides and pesticides are difficult and too costly to
apply to such tall crops. Sources of long term durable resistances that can be used in
breeding programmes are therefore critical to the industry. Planting patterns (the use
of rotations and mixtures) have also been used to reduce disease but there is much
research still to be done on the population biology of pathotypes in mixed biomass
plantations.
E.

Agricultural systems context for carbon assimilation and partitioning

3.23

Whilst points A to C above directly address carbon fluxes, and point D addresses the
importance of minimising plant disease and pests for reliable bioenergy crop
production, it is vital to understand and control the impacts of environment and
agricultural practice on carbon acquisition and partitioning. Optimised rather than
maximised systems should be developed for bioenergy crops with minimized and
quantifiable inputs (chemicals, fertilizers and water for example). In addition, efficient
water and nutrient use are important issues for whole system land use. Hydrology and
biodiversity impacts may be captured in life cycle analysis (LCA) approaches and
should be quantified for a variety of bioenergy systems. Both the environmental (e.g.
greenhouse gas (GHG) balance and mitigation potential) and the economic
competitiveness of crops must be addressed.

ii. Technology outputs for the efficient processing and/or utilisation of biomass for
energy generation
3.24

This broad research area targets the improvement of conversion technologies and the
composition of fuels, as mapped onto Figure 1, annex 7. Biological conversion
technologies are all anaerobic in nature: aerobic conversion results in carbon
conversion inefficiency as a result of carbon dioxide production.

3.25

Fundamental science challenges and questions covered by this area underpin a number
of technology outputs, as outlined in Table 5:
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Table 5: Fundamental research challenges and associated strategic outputs within the
area of biomass processing and utilisation
Research challenges
F. Integrated bioprocessing. Understanding
and manipulation of processing conditions to
maximise outputs. Including microbial
metabolism: structure, function and
interactions of proteins.

Associated strategic outputs
Discovery and/or engineering of enzymes,
microbial strains and environmental
conditions optimised for efficient biofuel
extraction through the processing of raw or
waste biomass.
Efficient, scaled-up production of
biohydrogen from microbial fermentation.
Understanding the biological,
environmental conditions for efficient,
scaled-up bacterial photobiohydrogen and
dark fermentative hydrogen production.

F

Integrated bioprocessing

3.26

There is a considerable distance to cover in obtaining good understanding of microbial
metabolic networks, and the structure-to-functionality of metabolic proteins.
Developments towards a predictive understanding of metabolism and protein function
are likely to underpin technological advances in the rational design of new enzymes
and engineered bacteria for optimising biomass crop fermentation, improving options
and efficiency for waste/residue bioprocessing/bioremediation and innovative
potential microbial fuel cell solutions39. Dark fermentative processing of plant
biomass to produce hydrogen is a process that has been developed at the small scale,
but significant scaling and intrinsic conversion efficiency problems exist. Bringing
together microbial engineering and bioreactor engineering to address key
barriers/challenges to processing scales and efficiencies will be of important strategic
value in determining the economic viability of individual processing technologies. The
effective collaboration of bioscientists and engineers will be of critical importance to
driving forward viable processing technologies.

3.27

We are aware that BBSRC is currently also engaged in a broad review of its priorities
for microbial science funding, and suggest that as part of the microbial science review
process, the review panel should be aware of the strategically important microbial
challenges for BBSRC-relevant bioenergy research and comment/expand, as deemed
appropriate, on the issues set out in this report.

Further research considerations
3.28

In addition to establishing headlines for overall prioritisation of BBSRC research
relevant to bioenergy, we consider that there are a number of additional high-level
issues that need to be taken into account in maximising the value and opportunities of
bioenergy-relevant research:

39

Microbial fuel cells: novel biotechnology for energy generation. K. Rabaey and W. Verstraete (2005). Trends
in Biotechnology 23(6) 291-298.
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Towards predictive models of biomass generation and use
3.29 Bringing together the fundamental research drivers outlined above (A-F), it is our
view that the overarching priority for the medium term for BBSRC-supported
bioenergy research should be to support research that works towards predictive models
of biomass generation and use. This should aim to establish a firm understanding of
the commonality and diversity of processes regulating the biological pathways of
carbon fixation, biomass production and biomass partitioning, and the application of
this understanding to a diverse range of bioenergy applications. This aim is fully in
tune with the theme of BBSRC’s Ten-Year Vision ‘towards predictive biology’40,
which sets out predictive biology at the heart of an integrative systems approach to
understanding biological processes.
3.30

In order to achieve this aim, BBSRC-funded bioenergy research must be cognisant of
several important principles:
• a systems biology approach/context for bioenergy supply, to establish where
inefficiencies in the system are, how they interact, and where research can be
directed to provide greatest gain;
• the need for bioenergy research to be quantitative wherever possible, using welldefined & preferably standardised metrics;
• that bioenergy research requires the application of multidisciplinary approaches
across the biosciences. The effective coordination of plant and microbial
genomics, molecular genetics, biochemistry, physiology and modelling
disciplines, in particular, will be essential to take major steps forward;
• that cost-benefit analyses should form an important aspect of strategic bioenergy
research, including assessments of carbon-savings and overall energy gains.

Land use and biodiversity
3.31 We recognise that bioenergy R&D must be approached within a firm context of
sustainable agriculture and integrated land use, according to the principles set out in
BBSRC’s previous review of Sustainable Agriculture41. It is important that bioenergy
solutions that may result in changing land use are implemented with appropriate
research, monitoring and mitigation, if necessary, for example in relation to water use,
fertiliser/pesticide regime, biodiversity impacts, changes in soil microbiology from
growing biomass crops (effects of physical, chemical and biological factors) and wider
ecological factors.
3.32

This is particularly important for a successful whole-system approach to bioenergy
research. There are potential impacts on both managed and unmanaged landscapes,
which place such issues at the interface of the research interests of the BBSRC and
NERC.

40

Bioscience for Society: a Ten-Year Vision ‘Towards predictive biology’ (2003). BBSRC:
http://www.bbsrc.ac.uk/about/pub/policy/vision.html
41
Review of BBSRC-funded research relevant to sustainable agriculture (2002). BBSRC. The full report can be
viewed at http://www.bbsrc.ac.uk/about/pub/reports/susagrep2002.pdf
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Recommendation 3:
BBSRC has a unique role in basic and enabling bioscience for bioenergy. Given the
importance of biomass yield to the economics of its exploitation, leading priorities are to:
1. Understanding the rates and efficiencies of photosynthetic carbon fixation, partitioning and
conversion from photon to bioenergy feedstock;
2. Optimising biomass processing efficiencies to maximise extractable calorific value for
energy generation.
The above broad areas should be addressed in ways that lead towards predictive models of
biomass generation and use and apply this knowledge to a diverse range of bioenergy
applications. Where applicable, bioenergy research should be conducted with due regard to
sustainable, low-input agriculture as part of a whole system approach to land use/natural
resource management, and to optimising environmental and ecological benefits.

Tools and resources for dedicated energy crops
3.33

The development of new tools and resources for bioenergy-relevant research will be
critical to addressing the key biological question. For dedicated energy crops, the
following tools and resources will be of particular importance:

3.34

Genomics: There are good genomic resources available globally for poplar, as a
model species for perennial woody biomass plants, but the UK has made no strategic
investment to develop these resources further, particularly in proteomic, metabolomic
and systems computing approaches that would best utilise genome resources already
available. The poplar genome is available, having been sequenced by the Joint
Genome Institute with US DOE funding42, and representing the first fully sequenced
tree species genome. Resources are still required for annotation and bioinformatics,
however, for full exploitation.

3.35

In addition, many disparate databases have emerged for EST, sequence, array
expression data, molecular markers, molecular genetic maps, metabolomics of poplar,
and these need to be integrated using the latest computing technologies such as the
semantic web and GRID. An attempt to undertake this task will be made in a
Framework 6 Network of Excellence ‘EVOLTREE’43.

42

http://genome.jgi-psf.org/Poptr1/Poptr1.home.html
Three of four major partners across Europe for the genomic tools have been identified – (i) Umea Plant
Science Centre (UPSC), Sweden, with 100,000 EST, poplar cDNA microarray and UPSC-BASE for
transcriptome analysis. (2) PICME, Vienna, where custom arrays may be spotted – although these are still
limited with no access to the UPSC EST resource (iii) INRA, France with many ESTs molecular genetic maps, a
wide collection of poplar (iv) Southampton who will integrate all of these resources within EVOLTREE.

43
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3.36

For willow, the DOE has identified this tree as the second to be sequenced – this is
still in discussion and genomic resources are being built up, both in the UK and
Sweden. Given the >98 % sequence similarity of willow and poplar, it would seem
appropriate that until the genome sequence and other genomic resources in willow are
fully available, poplar may be used as the ‘model’ for woody bioenergy crops. There
are currently genetic and QTL mapping populations for: willow (RRes; Defra-funded);
poplar, collected from across Europe and the USA and held at (Southampton; Defrafunded); and ~200 accessions of Miscanthus, collected from across Europe and Asia
held at ADAS Arthur Rickwood and replicated at IGER.

Recommendation 4
The UK currently lacks critical mass in the area of genomics for dedicated biomass crops, and
it would seem appropriate that BBSRC considers developing strategic alliances with some of
these large initiatives, particularly the USA DOE Programme, following the lead of Genome
Canada and Umeå Plant Science Centre (Sweden).

3.37

Modelling: There are currently established mathematical models relating to the inputs
for short rotation coppice (SRC) agriculture44 and emerging models for socioeconomic and environmental aspects of new bioenergy power installations (e.g.
BEAT; EA-funded). However bioenergy researchers essentially lack good sciencebased mathematical models relating to the biological biomass chain, incorporation
plant metabolism, carbon fluxes and partitioning, and the development of such models
would be a considerable advantage.

3.38

Long-term trials and germplasm resources. Patchy and limited resources are
available in the UK for the maintenance of critical germplasm – e.g. mapping
populations and the development of new resources. This needs to be addressed with
some urgency.

44

Defra/DTI-funded- project NF0409
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Improving Delivery of bioenergy research
3.39

In this section, we highlight a number of options to improve the delivery of BBSRC’s
bioenergy research, in the context of wider bioenergy research in the UK. Our
recommendations to Strategy Board fall under three broad headings:
-Funding and partnerships;
-Training, skills and careers;
-Public engagement.

Funding and partnerships
3.40

As we set out in chapter 2, the bioenergy research field is a crowded one with a
significant number of players and investment both nationally and internationally.
Within this, we have made the case that there is a clear need for more basic and
enabling bioscience, and that BBSRC has a valuable, and largely unique, role to play
in funding such research. It follows then that the Council should seek to ensure that
its funding for this area is fit for purpose, and where necessary, is complementary to
the other national/international initiatives and programmes.

Growing the UK bioenergy research field
3.41 We have a strong research base in the UK of excellent plant and microbial science that
is currently supported largely through BBSRC’s responsive mode, core strategic
grants, studentships and fellowships. In particular, three BBSRC institutes (JIC, RRes
and IGER) support highly relevant programmes of research, encompassing model
basic plant science, crop science, microbial biology, agricultural systems and ecology.
3.42

However, looking across the UK SEB there is at present a relatively small number of
PIs carrying out basic research of direct relevance to bioenergy. A sudden injection of
funding, such as that seen recently in the Crop Science Initiative, may not presently be
the most effective mechanism to boost the field (although it is, of course, a route
available to Council – and one that does send a clear signal of the importance of the
field). We suggest instead that BBSRC might first seek to direct a ramped but
sustained increase in funding initially through the responsive mode to grow the critical
mass of the community. Growth would mainly be through existing PIs in related areas
refocusing their interests more towards bioenergy application of their research, and by
New Investigators entering the field. For this to be effective it is essential that BBSRC
gives a clear signal to the community of its long-term commitment to bioenergy
research, otherwise existing PIs and New Investigators will lack the incentive and
confidence to establish research groups in that area.

Focussing research effort and encouraging more grant applications in bioenergy
3.43 It will be important not to spread funding for bioenergy too thinly, and to focus on the
(albeit broad) priorities identified above. A particular challenge will be to encourage
the community to submit more grant applications in responsive mode that strike on
these priorities. We note that the PMS committee has recently launched a responsive
grant priority area entitled ‘Fossil Carbon Substitution: Biomass to Biosynthesis’. This
area is in tune with our own conclusions, and we welcome it. However, BBSRC
should consider extending it to a cross committee priority.
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Workshops
3.44 One immediate option would be for BBSRC to fund a series of workshops on
bioenergy aimed not only at existing PIs in bioenergy but also those crucially in
related plant and microbial science fields. It would be essential that such workshops
were multidisciplinary drawing in, for example, engineers, physical scientists,
mathematicians and modellers, as well a key stakeholders (industry and policy
makers). These workshops would have a number aims including:
• Underline BBSRC’s commitment to bioenergy research and desire to receive
applications, particularly multidisciplinary, in responsive mode;
• Raise awareness of the changing socioeconomic drivers and consequent current
issues;
• Communicate BBSRC’s priorities in this area;
• Inspire PIs in related fields to refocus on bioenergy applications of their research,
And encourage New Investigators;
• Provide networking opportunities for researchers, not only with each other but also
potential users of the science (industry, Government departments);
• Sow the seeds of multidisciplinary teams.
Future BBSRC investment in bioenergy
3.45 If BBSRC is successful in growing the bioenergy research community and stimulating
increased demand for grants then it will be important to ensure, as we go forward, that
there is sufficient ramping of the funding to accommodate demand at a reasonable
success rate. The Council will be aware of the opportunity presented by CSR2007 to
seek additional funding in the 2008-2010 period. Even if additional funding is not
forthcoming then it is within the Council’s gift to reprioritise to ensure adequate
support for the expanding bioenergy activities.
Recommendation 5
The bioenergy research community in the UK lack critical mass. BBSRC has a role in helping
to grow the community and to focus it on the broad priorities identified in this report. We are
of the view that this is best achieved through encouraging high-quality applications in
responsive mode and ramping funding as demand grows. We recommend that:
•
the scientific committees follow the lead of PMS and seek to identify specific areas
within their remits that address bioenergy needs;
•
BBSRC should signal its long-term strategic commitment to bioenergy research and
facilitates networking in the community, e.g. through multidisciplinary workshops.

BBSRC-sponsored institutes
3.46 There is a clear role for BBSRC institutes to play in the continued development of
critical mass and facilities relevant to bioenergy research priorities. Through the
provision of large facilities, established plant and microbial research expertise, unique
resources (e.g. the national willow collection at RRes) and a longer-term, more
strategic approach, the Institutes offer considerable complementarity to the University
sector and others. Institutes such as IGER and RRes, in collaboration with CEH and
the main research providers of SEERAD, offer national expertise in sustainable land
use. There is considerable scope for BBSRC to incentivise its institutes and HEIs to
work more closely together. There is also scope to coordinate institute activities of
relevant to bioenergy. For example, current research at RRes, JIC and IGER on plants
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for renewable energy (willow at RRes, Miscanthus at IGER), carbon partitioning,
secondary metabolism, high value products from plants, and the wider environmental
impact of agronomic practice could form the core of a new cross institute programme
(CIP).
Recommendation 6
Council should encourage the development of a proposal from relevant Directors of BBSRC
sponsored-institutes for a new Cross-Institute Programme (CIP), involving other organisations
as appropriate, that draws together expertise of relevance to non-food crops and associated
land use.

Partnerships
3.47

Considering multidisciplinarity in its broader sense, the successful development of
efficient processing techniques and utilisation of biomass/biofuels will require the
effective and ongoing collaboration of biologists, organic chemists, engineers and
industrialists. Bringing academic bioscience, modelling, engineering and industrial
expertise together represents the modus operandi of high profile, cross-Council energy
initiatives such as SUPERGEN and TSEC.

3.48

BBSRC must conduct its research in full cognisance of the cross-Council energy
activities coordinated by EPSRC, and consider contributing if and where this would
bring added value. However, in recognition of the Council’s specific niche in this area,
in underpinning bioscience research, we suggest that BBSRC may be better placed to
focus most resources unilaterally. We propose that focussing on the development of
well-coordinated, fundamental bioscience networks, targeted appropriately on the
strategic priority areas set out earlier in this document, will serve to generate the
highest quality bioscience outputs, and thereby best feed the bioenergy R&D pipeline.

3.49

Acknowledging both the need for cognisance of wider research activities relating to
bioenergy and the need to maintain the facility to explore multilateral activities where
these would bring added value, we suggest that BBSRC should feed into established
and developing policy and science networks with other funders of renewable energy
research, including Government departments. In particular, BBSRC should maintain a
strong presence within the Bioenergy Funders Forum, and seek to maximise
representation and influence within developing groupings of significance, particularly
UKERC.

3.50

BBSRC also needs to be aware of research activities internationally and where its own
investment might receive leverage through partnership.

Recommendation 7
BBSRC should focus its investment in basic and enabling bioscience but ensure the agility to
contribute to other national programmes, where there is value in doing so. Internationally,
Sweden, Genome Canada and the DOE, USA should be viewed as valuable strategic partners
given their ownership of advanced genomic and post-genomic resources in this area. In
addition the USA has extensive expertise and resources in the production and use of
bioethanol and partnerships could enhance UK research in this area.
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Training, skills and careers
3.51

There are several training, skills and careers issues that impact on our ability to
delivery the necessary bioenergy research, but none of these are unique to the area.
For example, in chapter 3 we identify the importance of systems approaches to
progress in the field of bioenergy, not least in understanding the control and interplay
of complex regulatory pathways in plants and animals. This will demand
multidisciplinary science particularly on the modelling/biomathematical side. BBSRC
has already identified the dearth of biomathematicians and modellers as a potential
problem in delivering its overall Vision.

3.52

Similarly, many of the skills issues highlighted in the 2004 Review of BBSRC-Funded
Research Relevant to Crop Science are relevant to the challenges in bioenergy; such as
the realignment of elements of the model plant science and microbial science
communities to crop species. Many of the research priorities identified within this
review would fit within the Crop Science Initiative and could be encouraged though
this mechanism.

3.53

Consistent with the need to build the bioenergy research community, we see a strong
need to develop fellowships in the area at two levels. First there is a need for
fellowships to support promising young PIs who are just setting out on a bioenergy
research career to allow them to establish a presence in the field. Second there is a
need for longer-term more senior fellowships for established research leaders who
may wish to change track from a related field into one more directly relevant to
bioenergy. The space and time that a senior fellowship provides to develop in the new
area and nucleate a laboratory will be invaluable.

3.54

Finally we see merit, with an aim of building capacity and awareness in this area, for
specifying basic bioenergy research as a topic for the annual Targeted Priority
Studentship competition, aligned with the priorities in this report.

Recommendation 8
It will be essential to prioritise funds, especially in studentships and fellowships, in order to
help build capacity and capability in the bioenergy research area. BBSRC should have a clear
plan of its investment in training and skills for bioenergy, if necessary assigning funds as part
of the CSR process.

Societal issues and public engagement
3.55

As with all of BBSRC’s activity due attention should be given to public engagement
to help understand the broader aspirations and concerns in this area. Societal issues for
BBSRC’s bioenergy research interests are largely limited to those surrounding the
necessity for appropriate, sustainable use of land, water and nutrient resources, and
mitigating any negative ecological and biodiversity impacts that might be associated
with potentially significant land use shifts towards energy crops. In this respect, it is
clear that environmental monitoring and an iterative strategic outlook will be essential
for the sustainable development of agricultural regimes incorporating new varieties of
energy crops.
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3.56

We recognise a wider, justified concern that burgeoning demand for biofuel
feedstocks in the UK (amongst others) is likely to contribute to unsustainable
agricultural practices internationally, particularly in the developing world. In our view,
it will be a considerable challenge to safeguard against the likelihood of such factors
undermining the climate/environmental drivers of bioenergy. A vital mechanism will
be the development of national/international sustainability accreditation for feedstocks
and biofuels (measuring carbon and environmental credentials), harnessed to
appropriate regulatory mechanisms. This may or may not be achievable in a
framework of international free-trade conditions. Recognising such socio-economic
challenges for the sustainable development of bioenergy solutions, they are, however,
largely beyond the scope of BBSRC’s influence.

3.57

It is within the remit of BBSRC’s mission to generate public awareness, disseminate
knowledge and encourage public engagement and dialogue. We suggest, therefore,
that BBSRC has a role, and likely one of increasing importance, with respect to public
engagement on bioenergy-related issues. For example, in a recent survey45, the public
perception of biomass as source of energy was quantified as extremely negative, with
nuclear energy viewed only marginally less favourably. BBSRC, working with others,
has a role to play in engaging with the public on such issues and we strongly
encourage the Council to seize any presenting opportunities to support activities (e.g.
cross-funder initiatives) addressing societal aspects of bioenergy research and its
applications.

45

Public Opinion on Energy Research: A Desk Study for the Research Councils, September 2005, McGowan
and Sauter; Sussex Energy Group. See
http://www.epsrc.ac.uk/CMSWeb/Downloads/Other/EnergyAttitudesDeskStudySussex.pdf
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Annex 1: Terms of Reference for the Review Group and membership of the
Review Panel
Terms of Reference
1.

To identify the most promising areas for bioenergy research;

2.
To identify the current strengths and weaknesses in the UK bioenergy research
community;
3.
To formulate an inventory of the full range of stakeholders in bioenergy research and
the policy/legislative constraints and drivers under which commercial bioenergy production is
likely to have to operate;
4.
To make recommendations to BBSRC Council and Strategy Board on appropriate
bioenergy research for which it should allocate significant funding;
5.
To make recommendations to BBSRC Council and Strategy Board on how that
research should best be delivered to remedy the current fragmentation of UK bioenergy
research.

39

Panel Membership
Professor Douglas Kell, University of Manchester (Chairman)
Independent. BBSRC Council and Strategy Board.
Dr Peter Billins, British Biogen/Renewable Energy Association
Chief Executive of the trade association for the UK bioenergy industry – promoting and
coordinating the commercial development of biomass as a renewable resource for energy
production
Dr Les Firbank, Centre for Ecology and Hydrology, Lancaster
Biodiversity, wider environmental agenda
Professor Ian Graham, University of York
Metabolic regulation of gene expression in higher plants; PMS Committee member
Professor Dennis Hawkes, University of Glamorgan
Fermentative hydrogen production – sustainable biological hydrogen production; implications
of the move to a hydrogen economy; interdisciplinary microbiology.
Dr Angela Karp, Rothamsted Research
Plants for renewable energy, climate change
Professor David Klug, Imperial College London
Biophysics – solar energy conversion via natural and artificial photosynthesis; electron
transfer reactions
Ralph Overend, personal, USA
US renewable energy agenda.
Professor Gail Taylor, University of Southampton
Plants for renewable energy. Involved in setting the biomass research roadmap for the
UKERC.
Bruno Viegas, Defra
Defra Bioenergy R&D Programme Manager.

Observer
Dr Sarah Rees, Syngenta
BBSRC Sustainable Agriculture Panel

BBSRC Secretariat
Dr Jef Grainger, Strategic Planning Unit (Review Secretary)
Dr Paul Burrows, Head, Strategic Planning Unit
Peter Hurrell, Strategic Planning Unit
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Annex 2: main abbreviations used in the report and annexes, and
explanation of terms
BBSRC
CHP
CSG
DARD
Defra
DTI
ECF
EPSRC
ESRC
EST
EU
FES
FREDS
GHG
HEI
IGEC
IGER
JIC
LCA
MAFF
MtC
MW
NERC
NAWAD
NRE
ODT
OST
PA
PI
R&D
RELU
RFTO
RO
ROC
RRes
SCRI
SEB
SEERAD
SEPN
TSEC
UKERC
UKERP
UK-SHEC

Biotechnology and Biological Sciences Research Council
Combined heat and power
Core Strategic Grant (used to support long-term research in BBSRC institutes)
Department of Agriculture and Rural Development in Northern Ireland
Department for Environment, Food and Rural Affairs
Department of Trade and Industry
European Climate Forum
Engineering and Physical Sciences Research Council
Economic and Social Research Council
Expressed sequence tag
European Union
Future Energy Solutions
Forum for Renewable Energy in Scotland
Greenhouse gas
Higher education institution
Inter-Departmental Group on Energy Crops
Institute for Grassland and Environmental Research (BBSRC-sponsored)
John Innes Centre (BBSRC-sponsored)
Life cycle analysis
Ministry for Food and Farming (now Defra)
Millions of tonnes of carbon
Mega-Watt
Natural Environment Research Council
National Assembly for Wales: Agriculture Department
New and Renewable Energy (DTI programme)
Oven-dry tonnes
Office of Science and Technology (an office of the DTI)
Per annum
Principle Investigator
Research and development
Rural Economy and Land Use (cross-Research Council programme)
Renewable Transport Fuel Obligation
Renewables Obligation
Renewables Obligation Certificate
Rothamsted Research (BBSRC-sponsored)
Scottish Crop Research Institute
Science Economy Base
Scottish Executive Environment and Rural Affairs Department
Sustainable Energy Policy Network
Towards a Sustainable Energy Economy (cross-Research Council programme)
United Kingdom Energy Research Centre
United Kingdom Energy Research Partnership
UK Sustainable Hydrogen Energy Consortium
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Explanation of Terms
Biodiesel

A liquid oil fuel made from biomass (usually a vegetable oil source), which
has similar combustion properties to diesel from fossil oil sources.
Bioenergy
Energy derived from any renewable (sustainable) biological source.
Bioethanol Ethanol produced from the microbial processing of non-fossil biomass.
Biofuel
A fuel made from processed biomass, as opposed to fossil sources. Can be
solid, liquid or gaseous, but the most prominent current biofuels are ethanol,
methanol, dimethylethanol (DME) and biodiesel. Hydrogen may represent a
highly significant future biofuel.
Biomass
The biodegradable fraction of a wide range of materials including specialist
tree and agricultural crops, algae, agricultural and forest residues (often
considered as ‘waste’), effluent, sewage sludge and manures. Specialist
biomass crops include fast growing grasses such Miscanthus (elephant grass)
and coppiced trees – willow and poplar.
Biorefinery A facility integrating biomass conversion processes to produce fuels, power,
and value-added chemicals from biomass. The biorefinery concept is
analogous to a petroleum refinery, which co-produce multiple fuels and
petrochemical products from fossil oil or gas.
Co-firing
The use of biomass as a supplement to fossil fuels in power stations.
CHP
Combined heat and power: a process used in coal-fired and co-fired power
stations to produce energy as both electricity and heat, which converts fuel
more efficiently than in the production of electricity alone.
Gasification Conversion of solid material (e.g. coal, woodchip) into a gas for use as a fuel.
Pyrolysis
Thermal decomposition occurring in the absence of oxygen. The goal of
pyrolysis is to produce a liquid fuel, termed bio-oil or pyrolysis oil, which can
be used as a fuel for heating or power generation.
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Annex 3: detailed exposition of the political and economic drivers for
bioenergy research
Environmental drivers
The link between rising atmospheric greenhouse gas concentrations and global climate change
is now widely accepted by scientific and political establishment (e.g. IPCC reports, 200146).
Leading arguments have been publicly well rehearsed, and the urgent need to stabilise
concentrations of CO2, the primary greenhouse gas, released to the atmosphere through
human activity, is becoming increasingly accepted. It has been proposed by many respected
luminaries that climate change, and the mitigation of it, is one of the great challenges facing
the human race in the early decades of the new millennium, perhaps the greatest47.
Socio-economic drivers
The leading socio-economic driver for renewable energy solutions, and until recently, the
leading barrier to their widespread deployment, is the global value of crude oil. This has in
past decades averaged a sufficiently low level that it served as a severe disincentive to the
development of more expensive bioenergy options. However, if the high current price of
crude oil becomes a sustained trend, as seems inevitable, renewable energy options, including
bioenergy, will become increasingly viable. It has been proposed by industry experts48 that
products marketed on the basis of their environmental credentials rarely achieve significant
market share or sustained success: economic competitiveness (within a suitable policy
framework) will determine the wide market success of bioenergy solutions. An example of
favourably developing economic drivers for bioenergy: Tesco Supermarkets currently adds
5% bioethanol to its unleaded petrol, without marketing the supplementation.
Political drivers
The socio-economic case for bioenergy is hardening, and this has coincided with increasingly
strong regulatory drivers. In 2003, the Government published its Energy White Paper ‘Our
energy future – creating a low carbon economy’ (see footnote 3, page 7), setting out its policy
on energy with four goals:
•
•
•
•

to put the UK on a path to cut its CO2 emissions by some 60% by about 2050, with
real progress by 2020;
to maintain the reliability of energy supplies;
to promote competitive markets in the UK and beyond, helping to raise the rate of
sustainable economic growth and improve productivity; and
to ensure that every home is adequately and affordably heated.

In working towards a 60% reduction in UK CO2 emissions by 2050, the Government has
committed to the target of 10% of the UK’s electricity consumption to be supplied through
renewable resources by 2010, rising to 20% by 2020. This is in the context of an existing
renewables contribution to electricity production of 1.8% in 2002/0349.
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See http://www.grida.no/climate/ipcc_tar/
E.g. see quotes compiled at http://nhne.com/climatechange/quotes.html and
http://www.earthfuture.com/stormy weather/quotes/
48
View expressed in presentations at the Renewables East/HGCA-sponsored meeting ‘The commercial reality of
a UK biofuel industry’, July 2005, Cambridge.
49
Ofgem statistics, DTI Digest of Energy Statistics, 2003.
47
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While bio-energy is typically a distributed resource, it is increasingly recognised that the
potential for microgeneration of energy is very great (see footnote 2, page 8), possibly
assuming a majority of the UK’s present 380 TWh p.a. needs.
Recognising that achieving the goals set out in the white paper cannot be achieved by any one
body, the white paper announced the creation of a Sustainable Energy Policy Network
(SEPN), a network of policy units from across Government departments, the devolved
administrations, regulators and key delivery organisations that are jointly responsible for
delivering the White Paper. SEPN was formally launched on 4th June 2003.
As a driver for the early targets, the UK Renewables Obligation (RO) regime50 was
introduced in April 2002 (the Scottish Renewables Obligation Scotland (ROS) was in place in
2000) setting out incentivised targets for electricity providers to provide a percentage of their
energy from renewable sources, ramping from 3.0% in 2003/04 to 10.4% in 2010/11. Eligible
renewable sources include:
• landfill or sewerage gas;
• onshore and offshore wind;
• Geothermal
• Tidal, tidal stream or wave power;
• hydro power (stations exceeding 20MW or more only eligible if commissioned after
1st April 2002);
• Photovoltaics;
• Co-fired biomass (any biomass up to 2009, but energy crops must constitute 25% of
biomass by 31st March 2009, 50% by 31st March 2010, and 75% by 31st March 2011.
Co-firing ceases to be eligible for Renewables Obligation Certificates (ROC) after 31st
March 2016;
• other biomass, including waste (non-fossil-derived only);
• energy crops.
The Government also supports the development of renewable energy in the transport fuels
sector, currently through a 20p/litre duty incentive on biofuels. In late 2005, the Transport
Secretary announced a Renewable Transport Fuels Obligation (RTFO, see footnote 5, page
8): by 2010, 5% of road transport fuels will be required to come from renewable sources (the
means for implementing the RTFO are still being discussed, no targets likely to be required
before 2008). This signals a major regulatory driver for UK biofuel (e.g. ethanol and
biodiesel) production and associated R&D. Due to difficulties associated with
implementation, there is currently no RO for heat generation, either for dedicated heat
production or the heat contribution to CHP and, therefore, little regulatory incentive for
renewables in the heat sector.
The Renewables Innovation Review, which reported in 2004 (see footnote 6, page 7) was set
up to identify the key technologies for the delivery of the UK renewables targets, identify
barriers and identify the most cost effective Government measures to facilitate delivery of the
UK targets. The review found that biomass, including landfill gas, currently accounts for the
largest percentage of renewable electricity supply, but that several contributory sources of
biomass energy were constrained by limited resources (e.g. landfill gas) or by regulation (cofired biomass).
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Outline can be viewed at http://www.dti.gov.uk/renewables/renew_2.2.htm
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Taking a broad view, the review concluded that there is sufficient practical wind resource to
fulfil the 2010 and 2020 targets, and that wind power is currently the only economical and
scaleable technology under the current RO regime, given the right incentivisation, financial
framework and removal of institutional barriers. Other experts with a broad sector overview
are less convinced of the arguments for wind power leading the renewable energy vanguard51.
However the review concluded that there was not sufficient potentially harvestable capacity
for wind power alone to facilitate the 2050 CO2 reduction aspirations, and that it was clear
that the development of other sustainable, affordable, low carbon energy technologies will be
a major challenge for the UK in meeting its longer-term aspirations towards a low-carbon
economy, and to ensure reliability of energy supply through diversity of solutions.
In addition to the recent announcement of a TRFO, there are increasing indicators that the
Government views bioenergy as an important part of an integrated low-carbon economy. The
Royal Commission for Environmental Pollution (RCEP), chaired by Sir Tom Blundell,
which has undertaken several studies informing Government energy policy, presented an
influential special report on biomass as a renewable energy source in 200452. This report set
out the strong potential role of bioenergy in making a significant contribution to the UK’s
renewable energy portfolio, and making a number of recommendations regarding the removal
of regulatory and socio-economic barriers to the development of the industry. The conclusions
and recommendations were received very positively by the Government. More recently, the
Biomass Task Force, led by Sir Ben Gill, was commissioned by the Government to identify
measures to stimulate the development of biomass energy. Reporting in October 2005 (see
footnote 7, page 9), the Biomass Task Force focused particularly on the issue that whilst
biomass is unique as the only widespread source of high-grade renewable heat, which can
effectively and efficiently save carbon at a favourable cost compared to other options, there
has been a lack of recognition of the role of renewable heat in policy, and therefore no targets
or concerted policy in this area. In light of the Biomass Task Force’s recommendations, there
is likely to be an imperative for the creation of new policy in this area. Implementation of an
RO (not favoured by the Taskforce) or other political drivers for a renewables contribution to
heat production would clearly strongly favour bioenergy solutions, and political activity in
this area may therefore strongly influence the market level and composition of bioenergy
solutions. The Task Force made a number of recommendations to stimulate greater use of the
UK’s biomass resource, largely aimed at improving the uptake and development of existing
technologies and resources and resolving the current ‘chicken and egg’ problem of the UK
biomass supply chain, and is likely to stimulate high-level policy responses.
The DTI has recently drawn together all policy work relating to bioenergy under the new
bioenergy workstream of SEPN, providing focus and improved coordination for this area.
Bioenergy Funders Forum (former IGEC Research Committee)
The Bioenergy Funders Forum, formerly the Inter-Departmental Group on Energy Crops
(IGEC) R&D Subcommittee, was established in 1999. Chaired by Defra, it has provided a
regular forum for inter-departmental discussion on bioenergy R&D, to discuss individual
R&D Programme objectives, identify gaps in Government-funded research in the area exploit
synergies between Programmes and identify areas for joint funding (Defra, DTI, DfT,
SEERAD, DARD, NAWAD, EA, FC, EPSRC and BBSRC). The committee reported on the
51
52

E.g. Professor Ian Fells ‘Can R&D solve the energy crisis?’. Royal Society Lecture, Nov. 2005.
The report can be downloaded at: http://www.rcep.org.uk/bioreport.htm
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R&D activities funded by the members of the Group, and set out future priorities in 2000,
updated in 2002 53, This group is currently revisiting and redrafting priority areas.
Ten-year Investment Framework commitments
As part of the Spending Review 2004 outcome, the Government’s produced its ten-year
investment framework for public and private science and innovation54, which makes several
statements of particular relevance for renewable energy research:
•

Defra plans to alter the balance of its current science programme towards its
environmental priorities. Top priority will be strengthening science and innovation in
support of policy on climate change and energy in its broadest sense;

•

The Carbon Trust will continue its support for developers and co-investors to tackle
climate change through discovery and development of low carbon technologies and
businesses;

•

Defra will place increased emphasis on strategic partnerships/alliances, especially in
environmental science, bioscience and the social sciences. Key components of this
approach will include:
o direct funding for innovation to support policy needs and to develop new
approaches to regulation that encourages innovative solutions;
o Support for technology transfer and innovation by business, especially the
development of sustainable technologies.

•

Over the coming decade, the Government will work with partners in the private sector
to improve the effectiveness of UK energy R&D investments overall, and the scale of
these investments relative to the economic and environmental challenge facing the
UK. Better dialogue between key funders of energy R&D will be central to the
Government’s approach, with the UK Energy Research Centre representing a step
forward in this respect.

•

Energy innovation will remain of the highest strategic priority and strategic
importance for the UK, and globally, for decades to come.

Devolved Government Departments’ strategies for sustainable energy
The Scottish Executive is committed to promoting a wide range of renewables, including
biomass, and set up the Forum for Renewable Energy in Scotland (FREDS), which has
considered arboricultural issues, but to date has provided limited outputs relating to other
energy crops. SEERAD’s 2005 Research Strategy55 set out the need to explore the potential
for cost-effective non-food crop applications in Scotland.
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Inter-Departmental Funders Group on Bioenergy Research: Research Priorities (2000):
http://aims.defra.gov.uk/homepage/documents/28.doc
54
Science and innovation investment framework 2004 – 2014 (2004) HM Treasury:
http://www.hmtreasury.gov.uk/spending_review/spend_sr04/associated_documents/spending_sr04_science.cfm
55

See online publication at http://www.scotland.gov.uk/library5/environment/srs10-02.asp
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DARD is currently formulating its renewable energy policy document, which has recently
been under consultation. It is expected that this document will set targets for 1.8% electricity
production from SRC by 2010, and 1000 new hectares of SRC by 2007, and promote the
relative prominence and strategic importance of small scale solutions for Northern Ireland.
International bioenergy policy drivers
EU
As set out in Chapter 1, the Biomass Action Plan and the EU Strategy for Biofuels both
confirm the central importance of biofuel and biomass for EU agricultural, transport and
energy policy, and the European Biofuels Directive has been in place since May 2003, setting
targets for increasing the use of biofuels in transportation.
An EU grouping of note is the European Climate Forum (ECF), brining together EU
representatives of science, policy, industrial and other stakeholders to carry out joint studies
contributing to the development of climate change mitigation and adaptation policies. The
ECF met in late 2003 to consider the European Biofuels Directive, and its potential for
climate protection56. Consensus conclusions from the meeting included:
• Central and Eastern Europe, the Accession States, are going to be key players in the
biofuels industry, and must be engaged in the research;
• Key challenges towards biofuel cost reduction and uptake include product and energy
yield improvement, utilisation of bi-products and the development of fuel standards;
• Until 2010 (in the short term), biodiesel and bioethanol from oil and sugar/starch crops
are the most feasible option for biofuels for transportation.
• Ecologists are concerned about the potential impact of intensive biomass agriculture
on biodiversity and landscapes.
Several key issues of contention between stakeholders were also summarised, including:
• The long-term direction of biofuels in transportation is contentious. There are strong
voices for and against gaseous fuels, including hydrogen. The EU seems to have
settled on a vision of a hydrogen economy, but there are serious issues of transport,
storage, delivery and packaging to consider;
• Biofuels are an opportunity to lower agricultural intensity. Plant breeders say yes,
because crops can be designed to make more efficient use of resources.
Agriculturalists and industrialists say no, there will be just as much pressure, if not
more, to produce high yields, and there will certainly be greater demand on land,
which may reduce un-cropped land and replace less intensive land uses.
The EU now supports biofuel research with the objectives of reducing greenhouse gas
emissions, boosting the decarbonisation of transport fuels, diversifying fuel supply sources
and developing long term replacements for fossil fuels. The production of biofuels from
sustainable feedstocks could also benefit the economy in developing countries.
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European Climate Forum 3rd Autumn Conference, 2003: The Biofuels Directive potential for climate change:
Conference Summary: http://www.european-climateforum.net/events/norwich2003/pdf/ecf_conference_summary.pdf
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The Commission has published a new biofuels strategy (see footnote 20 on page 13), which
has seven key policy areas. One of these, supporting research and development (R&D), aims
to continue to support the development of an industry-led Biofuel Technology Platform,
which will formulate recommendations for research in this sector. Major European biofuels
stakeholders are represented including the agricultural and forestry sectors, food industry,
biofuels industry, oil companies and fuel distributors, car manufacturers and research
institutes. Other technology platforms such as Plants for the Future, Forestry-based Sector and
Sustainable Chemistry will also increase the knowledge of biofuel production. Actions at
European level (ERA-NET) in the field of biomass will further increase the cost effectiveness
and coordination of activities.
The Commission also confirmed that biofuels will be a priority in the Seventh Framework
Programme (FP7). Bio-refinery research (finding valuable uses for all parts of a plant) and
second generation biofuels in particular will receive funding under FP7.
The other policy areas published in the strategy are: stimulating demand for biofuels;
capturing environmental benefits; developing production and distribution opportunities;
extending supplies of feedstock; enhancing trade opportunities and supporting developing
countries.
USA
Following the Biomass R&D act of 2000, The US Federal Government set up the Biomass
Technical Advisory Committee. This cross-stakeholder and cross-expertise committee
produced The Vision for Bioenergy and Biobased Products in the United States, in 2002. The
vision’s synopsis was:
By 2030, a well-established, economically viable and biobased products industry will create
new economic opportunities for rural America, protect and enhance our environment,
strengthen U.S. energy independence, provide economic security, and deliver improved
products to consumers.
Long-term goals included:
•

Biopower - to 2030, biomass consumption in the industrial sector to increase at an
annual rate of 2% and biomass consumption in electric utilities to double every
decade. Biopower to meet 4% of total industrial and electric generator demand in
2010, and 5% in 2020;

•

Biobased transport fuels - To increase from 0.5% of US transport fuel
consumption in 2001 to 4% in 2010, 10% in 2020 and 20% in 2030.

•

Biobased products - production of chemicals and materials to increase from 5%
of U.S. chemical commodities in 2001 to 10% in 2020 and 20% in 2030.

The committee recognised that the primary barriers to achieving this vision lay in the
extensive training, education and research that is necessary to achieve far-reaching goals.
They recognised the importance of collaborative effort among industrial stakeholders as well
as between industry and local, state and federal Government, and that communication and
cooperation were key to overcoming the technical, market and policy challenges impeding
biomass technologies.
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As set out in Chapter 1, the 2005 GTL (Genomes to Life) roadmap, ‘Systems Biology for
Environment and Energy’ identifies an investment in further large-scale DNA sequencing
targeted to identify novel and unique microorganisms to harness the power of microorganisms
for bio-based industries including energy. Unique microbial biochemistries are predicted,
from searching this global-scale resource. Millions of genes, thousands of regulatory
networks and processes mean that a systems biology – predictive biology approach must
harness massive computing power to unravel the complexity of these bio-processes.
Alongside this is a commitment to utilise a wide range of biomass feedstocks for the
production of bioethanol, understanding the characteristics of the feedstock and how it might
be manipulated. Throughout the roadmap there is an emphasis on funding large-scale and
long-term facilities and resources as well as primary science.
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Annex 4: BBSRC Bioenergy research: examples of broad areas and
encapsulated projects, 1997-2005
Biomass crops for combustion and electricity generation
Primarily willows, poplar, Miscanthus.
Example projects:
• The development of sustainable heat and power fuelled by biomass from short rotation
coppice in Wales (IGER)
• Evaluating grasses as a long term energy resource (RRes)
• Toward viable C4 energy crops: an analysis of low temperature limitation of
photosynthesis productivity (University of Essex)
• Identifying QTLs for leaf growth in biomass poplars (University of Southampton)
Biomass crops for fermentation to produce biofuels for transport
Example project:
Supply beet for biofuels for 8 months of the year (RRes) (bioethanol production)
Basic research into photosynthesis and light harvesting complexes
Example projects:
• Determining the macromolecular structure of the light harvesting supercomplexes of
plants, green algae and cyanobacteria (Imperial College London)
• The macrostructure of the light harvesting system of photosystem II in Arabidopsis
(University of Sheffield)
• Genetic manipulation of light harvesting in plants (University of Sheffield)
• Light-harvesting complexes as nanoscale reporters of inter membrane protein
association forces and as optical circuit components (University of Sheffield)
• Crystallographic studies of low-light light harvesting complex II (LH2) from Rp.
Palustris (CCLRC Daresbury Laboratory)
Bioremediation of waste from the power generation industry
Example project:
Bioremediation of nuclear wastes by biomineralisation processes (University of
Birmingham)
BBSRC has an interest in microbial hydrogen production (biohydrogen), but has no live
projects in this area. The UK community biohydrogen comprises only one or two key
academic research groups such as that based at the University of Glamorgan. However, this is
a well populated research area in Europe.
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Annex 5: The Research Councils’ Energy Programme: research
programmes relevant to bioenergy, in detail
TSEC and the UKERC
Representing the most financially significant cross-Council energy programme, The Towards
a Sustainable Energy Economy programme (TSEC) funds interdisciplinary research aimed at
enabling the UK to access a secure, safe, diverse and reliable energy supply at competitive
prices, while meeting the challenge of global warming. EPSRC, ESRC and NERC jointly
have funding for the programme, jointly leveraging £20M in SR2002 and a further £8.5M in
SR2004 for this purpose, with participation from BBSRC and CCLRC. The TSEC
programme adopts a whole systems integrated approach, which should ensure that new work
carried out complements current and planned activities of the individual Research Councils in
the area concerned.
BBSRC have recently agreed to co-fund a large consortium project with NERC and EPSRC
under the Renewable Energy theme of the programme. BBSRC’s contribution will amount to
£650,000 of a £2.5M project entitled "A whole-systems approach to analysing bioenergy
demand and supply: mobilising the long-term potential of bioenergy". This is a large, 14
member consortium led by researchers from Imperial College London.
Funded by the TSEC programme (£14M over 5 years), the UK Energy Research Centre
(UKERC) was established in 2004, in response to a recommendation from the Chief Scientific
Advisor’s Energy Research Review Group’s 2002 report. This report recommended setting up
a new energy research centre to:
• bring together government, industry and academia;
• be a networking centre to co-ordinate UK research, facilitate industry collaboration
and promote UK participation in international projects;
• be a centre of excellence in its own right;
• help maximise returns from research investment and leverage private sector funds.
The UKERC is a multi-site centre, led by groups based at:
•
•
•
•
•
•
•
•

Centre for Hydrology and Ecology, Lancaster (Environmental Sustainability theme)
Imperial College London (materials for advanced energy systems theme);
Manchester University (energy Infrastructure and supply theme);
CCLRC Rutherford Appleton Laboratory (Research Register and Energy Data Centre
functions);
New and Renewable Energy Centre;
University of Edinburgh (future sources of energy theme)
University of Oxford (demand reduction theme);
Policy Studies Institute, London (energy systems and modelling theme)

Sustainable Power Generation and Supply (SUPERGEN)
In coordination with BBSRC, NERC and ESRC, The SUPERGEN initiative was EPSRC’s
flagship initiative in sustainable power generation and supply within its Infrastructure and
Environment Programme. It is now part of the Research Councils’ Energy Program.
SUPERGEN is a large, collaborative programme of research based on the assembly of
research consortia to tackle the large challenges of sustainable power generation and supply.
£25 million of funding was initially earmarked for the initiative, to cover four sequential
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annual calls with specific research themes for consortia assembly. SUPERGEN has been
designed to support research that addresses the key drivers for sustainable power generation.
Consortia are funded for four years initially, with the possibility of renewal for a further four
years. Of ten consortia currently being funded under the SUPERGEN initiative, two directly
relate to bioenergy research. Both consortia were formed as a result of the first SUPERGEN
call in 2003. These are:
•

the Biomass, Biofuels and Energy Crops Consortium (Bioenergy consortium);
received £2.9M of funding over 4 years to carry out research into renewable energy
generation from biomass – any plant material which can be used as a fuel, such as wood,
agricultural waste and vegetable oils. The consortium membership, co-ordinated by
Professor Tony Bridgwater, Aston University, also includes researchers from the
Universities of Leeds, Cranfield, Manchester, Sheffield and Ulster, RRes and the IGER. It
also includes the industrial partners Powergen, Alstom, Rural Generation and Exus
Energy. The work packages covered by the consortium consist of techno-economic
assessment, fuel specification and matching, thermal reactor modelling, minimising
engineering risk, co-firing and co-processing, and the establishment of a British Biomass
and Bioenergy Forum;

•

the UK Sustainable Hydrogen Energy Consortium (UK-SHEC); established in April
2003, and received £3.5M of funding over 4 years to address a range of the fundamental
research challenges in the production, storage, distribution and utilisation of hydrogen.
Members of the consortium are addressing the sustainable production of hydrogen
(University of Glamorgan), hydrogen storage (Universities of Birmingham, Bath, Oxford,
Nottingham and Queen Mary University of London) and socio-economics (Policy Studies
Institute and University of Salford).

Rural Economy and Land Use (RELU)
Funded through SR2002, RELU is a £20M cross-Council initiative, led by ESRC with
BBSRC and NERC, and also contributions from Defra and SEERAD. BBSRC’s total
contribution to RELU was £7.5M. The initiative aimed to support integrative,
interdisciplinary research, which aims to inform the development, within a social and
economic context, of future research-based options for sustainable land use.
Carbon Vision Partnership
Carbon Vision is a £14M programme jointly funded by the Carbon Trust and EPSRC with
additional support from ESRC and NERC57. The activities supported through the Carbon
Vision partnership are:
• The Carbon Vision Leadership Programme: to support outstanding scientists and
engineers as they become world leaders in low carbon research and development;
• Carbon Vision Buildings: showing how to achieve 50% carbon reduction in the carbon
'footprint' of new and existing buildings by 2030;
• Carbon Vision Industry: to provide the tools required to develop step change reduction
in the lifetime carbon emissions associated with basic products and their manufacture;
• SUPERGEN: to extend and expand the SUPERGEN programme on meeting the
challenges of providing sustainable power generation and supply.
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The list of projects funded through the Carbon Vision Partnership can be viewed at
http://www.thecarbontrust.co.uk/carbontrust/low_carbon_tech/dlct2_1_4.html
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Annex 6: Government bioenergy funding in detail
Defra: Bioenergy Crops R&D Programme
Defra (MAFF) initiated a bioenergy research programme in 1994, spending around £0.5-0.7M
annually, and this figure rose to £0.9M in 2004/0558. Managed by Defra’s Sustainable
Farming and Food Sciences Division, this programme concentrates on the genetic
improvement and protection of energy crops and the enhancement of the rural environment.
The aims of the programme were reviewed in 200359, and set out as:
1.
2.
3.
4.

Establish the knowledge base for the doubling of commercial bioenergy crop yields;
Provide a complete agronomy package for Miscanthus;
Establish a strong breeding base for willow, poplar and Miscanthus in the UK;
Provide practical crop protection strategies based on host resistance and biological
control.

A focus on increasing yields and disease and pest resistance was endorsed at this time, as was
a focus on short-rotation coppice (SRC) and Miscanthus. It was considered that R&D focused
Miscanthus agronomy had reached maturity. A strong emphasis was placed on better
engagement with users.
Bioenergy Crops Programme: outline of key investments from 1999 to present:
Completed projects:
•

Continued assessment of the agronomy and yield potential of Miscanthus for industrial cropping in the
UK. (1999-2003). £464k;

•

Molecular investigation of diversity in wild source germplasm to support Miscanthus breeding (20002002). £127k;

•

Research support for developing short rotation coppice poplar (2000-2005). £416k;

•

Crop physiological responses to plant density and harvest frequency in short rotation coppice (20022003). £48k;

•

Integrated control of fungal diseases in willows and poplars for bioenergy (2001-2005). £547k;

•

Pest population behaviour in relation to the biological chemistry of willows; towards optimisation of
nonchemical control (2000-2003). £175k;

•

Evaluation of the comparative energy, global warming and socio-economic costs and benefits of
biodiesel (2001-2002). £23k;

•

Audit of bioenergy trial sites (2003-2004). £21k;

•

Yield models for energy coppice of poplar and willow – phase IV (1999-2005): joint funded with DTI
and Forestry Commission. £1,732k total; Defra/FC 1,051k, DTI 680k (plus £30k in kind contribution
from industry);
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Interdepartmental group on energy crops research committee (IGEC research): Research priorities – 2002
update (2002).
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Report can be viewed at
http://www.defra.gov.uk/science/documents/publications/2004/Bioenergy%20Review%20Report.pdf
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•

A trial of the suitability of switchgrass and reed canary grass as UK biofuels crops (2000-2005): joint
funded with DTI and ADAS. £469k total; Defra £177k, DTI £290k, ADAS £2;

•

Farm level economic impacts of energy crop production (2004-2005): information on economic impacts
to farms and analysis of factors influencing uptake of bioenergy crops; £38k.

Ongoing projects:
•

Improving short-rotation coppice through breeding and genomics (2003-2008). Includes adaptation of
high yielding varieties to UK conditions, mechanisms to promote variety uptake and addressing
industry requirements; £2,397k;

•

The genetic improvement of Miscanthus for biomass (2004-2009). Includes adaptation of high yielding
varieties to UK conditions and mechanisms to promote variety uptake; £1,216k;

•

National Miscanthus germplasm collection (2004-2006); £15k/annum.

DTI
The DTI is a major funder of bioenergy R&D, towards the applied end of the pipeline. The
DTI involvement in bioenergy has several arms:
1. New and Renewable Energy (NRE) Technology Programme
The DTI’s NRE Programme is managed by Future Energy Solutions (FES), a part of AEA
Technology. The programme aims to support pre-competitive R&D to improve understanding
of the prospects for new and renewable energy and to improve their economic viability. The
programme has supported a large number of R&D projects in the biofuels area, and the total
biomass project portfolio is in the region of £2.5M per annum, awarded through open calls for
proposals. Technical priorities for each call have been aligned with the technology route maps
developed by the DTI in consultation with industrial and academic stakeholders. Recent
projects have been based on the 2002 Biofuels route map, focussing on development issues
for SRC, perennial grass and forestry residues. Recent projects have included:
Crop improvement and breeding
• Evaluating Grasses as a Long Term Energy Resource;
• Yield Models for Energy Coppice of Popular and Willow - World Wide Web Site;
• Improving Willow Breeding Efficiency;
Crop protection
• Further Evaluation of Herbicides for Post Emergence Use in Short Rotation Coppice;
Logistics
• An Evaluation of the Optimum Timing for Planting Short Rotation Coppice;
Environmental impacts
• The Hydrological Impacts of Energy Crop Production in the UK;
• Environmental Impacts of the Extraction of Forestry Residues;
• The Effects of Energy Grasses on Biodiversity;
• The Effects on Flora and Fauna of Converting Grassland to Short Rotation Coppice;
• ARBRE Monitoring - Fuel Supply Chain;
• A Improving the Water Use Efficiency of Biofuel Willows;
• ARBRE Monitoring - Ecology of Short Rotation Coppice;
Technical value of fuel
• Procedures for Sampling and Sample Reduction Within Quality Assurance Systems
for Solid Biofuels;
• A Trial Burn of Rape Straw and Whole Crops Harvested for Energy Use to Assess
Efficiency Implications;
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Renewable transport fuels
• Technology Status Review and Carbon Abatement Potential for Renewable Transport;
Fuels in the UK.
DTI also funded industry-led projects on conversion technologies, advised by a Biofuels
Committee, which still appraises the Collaborative Research proposals submitted to the
Technology Programme when this theme is included in the calls.
Energy crops production work is coming to a conclusion, and currently live projects are due
to complete this year. Future projects will be recruited through the Technology Programme.
2. Bioenergy Capital Grants Scheme
The DTI has supported the RO via its now-closed, 3-year, £66M Bioenergy Capital Grants
Scheme. Within the scheme, £30 million was made available from DTI to stimulate biomassfuelled heat and electricity generation projects. The New Opportunities Fund provided £33
million for energy crops power generation and £3 million for small-scale biomass/CHP
projects.
The DTI are currently reviewing the case for further funding of the Bioenergy Capital Grants
Scheme. Future investments in bioenergy may instead be demand-responsive, and
administered through the DTI Technology Programme.
Department of Agriculture and Rural Development (DARD), Northern Ireland
The department prioritises R&D on the selection and disease/pests of SRC willow. Disease
research is the leading area. In particular, DARD has funded research on planting clonal
mixtures (up to 20 constituents) as a key approach to disease control (e.g. rust) and mitigation
of insect damage. DARD’s research interests in bioenergy have evolved from a more
established interest in the use of SRC willow for sewerage bioremediation. [£]
Environment Agency (EA)
The EA funds climate change mitigation research in relation to its core roles in energy policy
e.g. small-scale hydroelectric and biomass energy. The EA supports the development of
biofuels and energy generation from biomass provided that environmental safeguards for the
environment are in place. The organisation aims to proactively support increased biomass
development and remove barriers to this where they exist.
The primary EA research output of interest to BBSRC is the production of the Biomass
Environmental Assessment Tool (BEAT), a computer-based tool that highlights potential
environmental impacts and mitigation responses to aid decision-making on biomass
developments from an environmental perspective, especially for environmental impact
assessment (EIA) scoping. It has been programmed to address a wide range of environmental
impacts and solutions.
Forestry Commission (FC)
The FC funds and co-funds a small amount of highly applied, near market research related to
arboricultural bioenergy outputs; e.g. there are ongoing and planned FC-funded studies of
various aspects of extraction, drying and chipping of woodfuel from plantations, ash recycling
and medium to large-scale recovery, baling, handling of residue from logging.
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Annex 7: Overview of current bioenergy technologies and R&D targeting
Technologies- There are numerous potentially viable bioenergy solutions, working at
different industrial scales, and the relationships between the various resource, technology and
market components are summarised in Figure 1 (this outline does not include the direct
combustion of biomass). As R&D brings new technological solutions, socio-economic
viabilities change; future bioenergy markets may not lead using currently favoured or
predicted solutions. Bioscience research therefore has an important role to play in removing
barriers to a wide range of technology solutions.
Figure 1: Diversity and interrelation of bioenergy resources, conversion technologies,
fuels and markets60.
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Current bioscience R&D targeting: Most of the dedicated woody perennial (SRC willow,
poplar) and herbaceous perennial (Miscanthus, reed canary grass) energy crops dominating
current energy crop research produce solid biomass resource, as mapped on to Figure 1, with
the CHP market as the principal driver for demand. A limited amount of additional biomass
resource exists in the form of municipal waste (solid biomass) and agricultural residues and
food processing waste (wet biomass). Current bioscience R&D in the area of solid biomass
crops is focussed on breeding programmes for enhanced biomass composition, with the aim
of matching biofuels to power generation systems, and improving biomass yields and
agricultural efficiency/sustainability (including improving disease/pest resistance).
Current bioscience R&D gaps- There is significant potential for the industry to take forward
non-dedicated energy crop solutions, for example by utilising the very significant proportion
of lignocellulosic biomass that is currently produced as low-grade agricultural
residue/biproduce; e.g. wheat straw, which constitutes up to 75% of wheat plant biomass. It is
60

Reproduced with the kind permission of Dr K. Maniatis, Directorate General for Energy and Transport,
European Commission. This diagram appeared in a similar form in the ECF 3rd Autumn Conference, 2003,
Summary report.

56

estimated that approximately 60M tonnes of biomass is currently available in the UK through
existing agricultural residues, before any dedicated energy crops are grown, offering
additional advantages to a nascent industry of existing processing and transport infrastructure,
alongside a wide diversity of processing and potential market options (at present, particularly
relating to bioethanol production for transport fuel). Research challenges here include
optimising food crop varieties for yield and lignocellulosic (cell-wall) composition, to aid
energy extraction through improving fermentation substrates, and improving the efficiency of
microbiological biomass conversion (to ethanol) via optimised strains/enzymes.
Other potential non-dedicated energy crops open up additional bioenergy technology routes,
with associated challenges for bioscience research. Mapping these resources onto Figure 1,
options include utilising oil crops (rape, canola) and sugar-rich crops (e.g. sugar beet, maize).
These resources and technologies offer particular potential for biodiesel and ethanol
production, respectively. Associated research challenges include breeding for marketoptimised varieties and improving the efficiency of biofuel production via microbial
processing. Development of markets for these technologies would require a
reconfiguration/balancing of current domestic and/or international food-crop markets. There
is also some potential for, and current low-level of production of, transport fuels from used
vegetable cooking oils.
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