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Executive summary 
In March 2009, Renewables East (RE) appointed AEA Technology plc (AEA) to undertake a 
Technology Study to assess the proposed BioEnergy Science and Research Park (BESRE Park) 
concept and provide the basis for subsequent stages in the development of the master plan. 
 
The BESRE Park concept is unique as it will focus on the provision of bioenergy demonstrator 
facilities and support industries that will assist in the development of the bioenergy market initially 
within the UK but potentially internationally. It is understood that it will consist of demonstration energy 
production facilities with associated visitor centre and accompanying training centre, innovation centre 
and business space. 
 
Bioenergy is one of the most promising sources of renewable energy in the UK, the EU and 
worldwide. Not only is there a large array of feedstock resources from energy crops such as 
miscanthus to fuels derived from wastes i.e. waste wood or biogas from anaerobic digestion, there is 
also a wide variety of methods available to extract the inherent energy. It is a flexible fuel which can be 
used directly to produce heat and/or electricity through a range of thermal processes, it can also be 
converted to more flexible solid, liquid or gaseous products through a range of thermal and biological 
conversion processes. 
 
The current bioenergy market is significant. In 2004 renewable fuel sources provided 13.1% of the 
world’s total primary energy supply; of this 79% was supplied by biomass. In the UK in 2007 
renewables accounted for 5.2 million oil tonne equivalents, 82% of which was supplied by biomass. It 
is expected that the development of renewable energy will continue to increase both nationally and 
internationally as Governments seek to improve their security of energy supply and reduce their 
contribution to climate change. As a result bioenergy is expected to continue to make an increasing 
contribution to the global energy mix.  
 
In particular, bioenergy is projected by the UK Government to make the single biggest contribution to 
achieving the UK’s 15% target of energy derived from renewable sources by 2020. This has resulted 
in the development of policies favourable to bioenergy, such as the banding of the Renewable 
Obligation and the forthcoming introduction of the Renewable Heat Incentive. The UK Government’s 
forthcoming Renewable Energy Strategy (due for publication in June 2009) is also expected to be 
favourable towards bioenergy and will set out the approach to its wider deployment to achieve the 
UK’s targets. Bioenergy is complex both in technical and policy terms but it is poised to deliver 
approximately half of the contribution towards the 2020 renewable energy targets. As a result the 
bioenergy market is expected to develop significantly to 2020.   
 
As previously identified, due to its flexible nature, bioenergy will contribute to renewable transport 
fuels, renewable electricity and renewable heat. In the renewable heat and electricity markets it is 
expected that the key areas of contribution in terms of delivered energy in 2020 will come from large 
scale biomass electricity only and CHP plants and through the supply of heat and power to the built 
environment (Figure A)1.  
 
 
 

                                                      
1 Please note: the figures are illustrated by fuel-technology combinations that are likely to serve specific markets and are as 
follows: woody biomass use for large scale electricity only plants, biomass use in industrial CHP plants, woody biomass use for 
industrial heat supply, solid recovered fuels for electricity only plants, solid recovered fuels for CHP plants, biomass use in co-
firing at power stations, wet wastes use in anaerobic digestion plants, abstraction of methane rich gas from landfills, sewage 
biogas to electricity plants, CHP plants dedicated to new build and existing residential buildings, and heat only plants dedicated 
to individual residential  or non-residential (commercial) properties.  These are also illustrated in Section 3.2.  
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Figure A:  Estimated heat and electricity supply in  2020 
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How
ever, when analysing the number of installations (Figure B) required to deliver the anticipated heat and 
power supply in 2020, it is clear that the most significant demand will come from the supply of 
technology providing heat to the existing built environment.  
 
Figure B:  Estimated number of installations requir ed to achieve 2020 targets 
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The assessment is further complicated by the analysis of where the capital investment will be 
required. The capital expenditure expected to deliver the required number of heat only installations is 
likely to be considerably smaller than that required in the supply of CHP to the built environment, large 
scale biomass plants or anaerobic digestion plants (Figure C). 
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Figure C: Estimated total capital investment to ach ieve 2020 targets 

 
From the discussion it is clear that there are significant opportunities for the BESRE Park concept to 
influence a range of bioenergy technologies and their development, however from an assessment of 
the possible short, medium and long term trends it is anticipated that the greatest scope for the park 
exists within the development of anaerobic digestion (and especially in making low cost, low 
maintenance, small and modular plants), advanced thermal technologies (such as gasification and 
pyrolysis), and technologies for the built environment. These opportunities exist throughout the supply 
chain i.e. to develop the technology (with the associated professional/technical requirements), volume 
distribution (manufacturing facilities and mass training for installers, manufacturers etc), investigation 
into process improvements and size reduction of equipment. Although opportunities exist within large 
scale generating plant and in biofuel sectors, these are likely to be fewer particularly as the 
technologies are more mature and the number of facilities are fewer. In the biofuels sector production 
capacity exists in the North of England and significant research is being undertaken, particularly in the 
USA, into second generation biofuels. 
 
Research in the bioenergy arena is likely to focus on a number of key areas: 

·  Technological development i.e. improved efficiencies with particular focus on developing 2nd 
generation biofuels, gasification, pyrolysis and small scale CHP technology. 

·  Developing appropriate fuels i.e. non food crops, algae etc. 
·  Sustainability and lifecycle analysis i.e. supply chain issues assessing sowing, growing, 

harvesting, transporting, processing, conversion; and 
·  Emission investigation and abatement. 

 
Although it is recognised that bioenergy will make a significant contribution to the UK’s 2020 targets 
the UK will require to meet a significant number of challenges: 

·  Relative costs and commercial maturity of bioenergy technology options in comparison to 
existing options, including fossil fuels and other renewable energy sources; 

·  Development of robust supply chains in both feedstocks and technology; 
·  The existing skills shortage/gap that exists. Measures will be needed to develop the 

technical skills necessary to deliver the bioenergy targets; 
·  Supportive policies and legislation will need to be adopted to ensure the bioenergy market 

can develop to meet the needs of the 2020 targets; 
·  Increased buy-in from stakeholders particularly the public to ensure they are aware of the 

environmental, social and economic benefits of the technology and to reduce the potential 
for opposition to developments; 
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The BESRE Park concept provides an opportunity to assist the UK in meeting its renewable energy 
targets. By focusing the park on delivering solutions in bioenergy that will assist the UK in meeting its 
2020 targets, particularly in areas such as addressing the current skills gap and providing the 
necessary facilities for innovation and business development, it will allow skills and innovation to 
develop.  These could then be exported to meet the needs of the European and other overseas 
markets and so enable the UK and the East of England region in particular, to take advantage of the 
growing international bioenergy market. 
 
As illustrated, there is a variety of ways in which the bioenergy targets could be achieved, and these 
will have a range of environmental and social consequences. Since bioenergy is currently not fully 
competitive with fossil sources on a simple cost basis, the development of bioenergy will largely 
depend on political decisions. Bioenergy is a complex arena and technologies which become 
favourable will, to a large extent, be influenced by policies and practices implemented by Government 
(both at the national UK and European levels). They would also be influenced by any significant 
research breakthroughs.  
 
The selected fuel-technology combinations that have been presented as offering the greatest potential 
for BESRE Park are AEA’s best estimate based on the current market and legislative landscape. 
Should these alter significantly then this assessment will need to be revisited. In particular, which 
feedstocks and technologies become important will depend on the level of support provided either 
through direct measures such as research and development or other intervention or supporting 
mechanisms.  
 
Principal Conclusions and Recommendations  
 
Bioenergy has a positive future and the BESRE Park concept can make an important contribution. The 
UK has a legal obligation to increase the contribution of renewable energy to its overall energy mix 
from the current position of 1.78% to 15% by 2020. All studies have indicated that bioenergy will make 
a significant contribution to this target and the Government has introduced policies which favour 
bioenergy technologies. Not only is bioenergy seen as an area of growth in the UK its popularity is 
expected to continue to increase in Europe and internationally, therefore it is an area which offers 
considerable opportunity for business and investment.  From this technology study a number of 
recommendations can be made: 
 

1. The focus of BESRE Park should be on technology that delivers heat and CHP to the built 
environment (this is likely to be at the small scale) and anaerobic digestion. 

 
2. There is unlikely to be significant opportunities for the park in the production of technology for 

large scale plants, biofuels or in co-firing, although there will be opportunity in the supply of 
support services to these sub-sectors. 

  
3. The BESRE Park should aim to incorporate stakeholders from a broad spectrum of the 

bioenergy supply chain and stages of technology development. It should look to include 
demonstrator plant and facilities to enable R&D to be undertaken as well as office space, 
testing and certification facilities, and scope for industrial activities.  

 
4. A training centre should be included within BESRE Park dedicated to training on bioenergy 

technologies. The required escalation in bioenergy deployment, particularly in small scale 
units suitable for installation in the residential and non-residential built environment, will 
require a significant number of people to undertake activities such as manufacturing, servicing 
and installation as well as design and surveying capability. These are skills which are currently 
in short supply and need to be expanded massively through training. 

 
5. The BESRE Park should incorporate businesses which can operate from day one.  
 
6. As data regarding estimated number of installations etc. has been developed using AEA’s 

best estimate from the existing market and legislative position a detailed sensitivity analysis of 
fuel technology combinations will need to be undertaken to ensure the BESRE Park concept is 
suitably focussed. 
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1 Introduction 

1.1 General 

In March 2009, Renewables East (RE) appointed AEA Technology plc (AEA) to undertake a 
Technology Study to be able to contribute towards a Market Demand and Needs Study (undertaken 
by Adroit Economics Ltd and The Asset Factor) to verify the BioEnergy Science and Research Park 
(BESRE Park) concept and provide the basis for subsequent stages in the development of the master 
plan. 
 
Based on information provided through the tendering process, from subsequent project meetings and 
supplied information the concept is understood to consist of demonstration energy production facilities 
with associated visitor centre and accompanying training centre, innovation centre and business 
space. The concept is unique as it would focus on the provision of bioenergy demonstrator facilities 
and support industries.  
 
During the course of this project, various names have been used to describe the concept that 
Renewables East would like to develop.  For instance, names such as BioEnergy Campus, Research 
Park, Technology Park, Technology Campus, National Bioenergy Centre, Technology Hub etc have 
been used.  In this report we refer to the concept broadly as the BESRE Park, but recognise that it 
may change in the light of the overall priorities set on the concept and the need to project the right 
image. 

1.2 Study Objectives 

The scope of this Technology Study is to assess specific information relating to the bioenergy market, 
to be able to: 
 

·  Identify and appraise key drivers for development of the bioenergy market; 
·  Characterise the UK and global bioenergy market; 
·  Identify potential future bioenergy technologies, current development status and map their 

development pathways; and 
·  Identify the sub-sectors and technologies that should be actively supported through the 

BESRE Park concept. 

1.3 Report Structure 

The report is structured in line with the tasks described above: 
 

·  Chapter 2 provides a background summary of bioenergy and its importance to the UK; a 
summary of the existing drivers for developing the bioenergy sector with a particular emphasis 
on the UK and EU position; summarises the current market position and assesses the likely 
input from bioenergy to achieve the UK’s 2020 target. 

·  Chapter 3 develops the expected technology contribution and estimates the associated 
business potential to achieve the proposed 2020 position. 

·  Chapter 4 provides a view of the required technology pathways to achieving the 2020 target. 
·  Chapter 5 summarises the existing and potential future bioenergy technologies that offer the 

greatest opportunity for RE to make a significant contribution to the UK’s 2020 bioenergy 
target. 

·  Chapter 6 presents principal conclusions and key recommendations to enable RE to develop 
its BESRE Park concept design. 
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2 Bioenergy in the UK 

2.1 Overview 

Bioenergy provides one of the most promising sources of renewable energy in the UK, the EU and 
worldwide.  Not only is there a vast array of feedstock resources available, both existing and potential 
(in the form of crops grown specifically for energy conversion), but there is also a wide range of routes 
available to extract the energy.  Biomass can be used directly for conversion to heat and/or electricity 
using a range of thermal processes.  It can also be converted to more flexible solid, liquid and 
gaseous fuels via thermal and biological conversion processes.  Compared with many other 
renewable energy forms it has the advantage that the fuels can be readily stored to meet variable 
demand.  It is also the only form of renewable energy that currently provides a viable alternative to 
hydrocarbons in the growing transportation market. 
 
Biomass is also one of the oldest forms of renewable energy exploitation; ever since humans 
discovered fire, wood has been used widely for heating and cooking.  The ease with which biomass 
can be exploited makes it the dominant contributor to renewable energy use worldwide: in 2004 
renewables provided 13.1% of the world's total primary energy supply, of which 79% was supplied by 
biomass and wastes2.  In the European Union renewables contributed 6.7% to energy consumption in 
2005, with 68% of this coming from bioenergy3.  In the UK bioenergy provided 82% of the 5.2 Million 
tonnes of oil equivalent contributed by renewables in 2007, as shown in Figure 1 below4; these data 
are on the basis of primary energy; see Section 2.2). 
 

Figure 1 UK renewable energy contribution to primar y energy (2007) 

 
1) Excludes all passive use of solar energy and all non-biodegradable wastes. In this Chart renewables are measured in primary 
input terms 
(2) Biomass co-fired with fossil fuels in power stations; imported 7.3% of total renewables, home produced 5.1% 
(3) 'Animal biomass` includes farm waste, poultry litter, and meat and bone combustion 
(4) 'Plant biomass' includes straw and energy crops. 
 
Recent decades have seen a decline in utilisation of wood for domestic heating in some countries, due 
to replacement by gas or oil fired heating.  However this has been compensated by an increase in 
biomass utilisation in higher efficiency packaged heating systems for domestic, commercial and 

                                                      
2 “Renewables In Global Energy Supply: An IEA Fact Sheet”, International Energy Agency, January 2007.  (available from 
http://www.iea.org/textbase/papers/2006/renewable_factsheet.pdf ) 
3 “Energy, transport and environment indicators, 2007 edition”, Eurostat, ISSN 1725-4566 
4 See http://www.restats.org.uk/statistics_national.htm 
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industrial markets, often based on wood chips and automatic fuel handling systems.  There has also 
been an increase in utilisation of a much wider range of bioenergy feedstocks, especially residues and 
wastes: straw, poultry litter, industrial wastes from food processing and manufacturing processes, and 
even municipal wastes.  Many of these have been developed at a significant scale, providing heat, 
electricity and often both through combined heat and power plants.  There have also been many 
examples of biomass co-fired with conventional solid fuels in coal fired power stations.   
 
The agriculture sector has started to exploit the opportunity of growing crops specifically for 
conversion to energy, in order to supplement the existing biomass resource and provide them with an 
additional source of income.  However, the investment required to produce a steady supply of ‘energy 
crops’ will only be made if a secure market for the output exists – the classic requirement for supply 
and demand to develop in tandem. 
 
The need to find alternative transport fuels has resulted in the development of a substantial biofuels 
capability in various parts of the world, particularly the EU, the USA and Brazil.  Experience to date 
has centred on bioethanol as an additive to petrol and biodiesel (predominantly from oilseed crops) as 
a diesel substitute.  Brazil and the US have invested heavily in developing an infrastructure for 
bioethanol from crops such as sugar cane and maize.  In Europe there has been a stronger focus on 
developing biodiesel.  In Europe and the USA there is recognition that current processes are limited by 
the availability of crops and research is now shifting to second-generation processes to produce 
biofuels, in an effort to achieve economic convergence with conventional fossil fuels, security of supply 
and to make more efficient use of feedstocks. 

2.2 Primary versus Delivered Energy 

Primary energy is defined as the energy value of the fuel at source.  In the case of fuels such as gas 
or oil used for heating, there is a loss due to energy used in handling, refining, pumping etc, which is 
generally referred to as energy ‘overhead’.  In addition, there would be a significant loss of heat 
energy at the point of fuel use due to combustion losses. Overall, this results in the primary to 
delivered energy ratio of greater than one; typically from 1.1 to 1.5.  In the case of electricity, the 
energy overhead occurs at the power station due to thermodynamic efficiency of the conversion of 
heat to mechanical and electrical power. This leads to a high ratio of primary to delivered energy, of 
about 3.6, as there is generally a large amount of heat loss at the conventional power stations.   
 
For energy sources which are fossil fuels, primary energy can be related in this way, and the delivered 
energy will always be lower due to conversion in-efficiencies and any parasitic loads taken up by the 
bioenergy plants themselves.  However, where renewable electricity is generated by (mechanical) 
sources such as hydro or wind, it presents problems as the concept of primary energy is not similar to 
primary energy of conventional fuel sources. To avoid this, the European Community has adopted the 
use of ‘delivered’ energy, which is the energy at the point of use; i.e. measured when it enters the 
home, building, or establishment.  Under this convention a MWh of electricity has the same value as a 
MWh of heat. 
 
It should be noted that most historical energy stat istics are presented in terms of primary 
energy but the analysis presented in this report us es the ‘delivered’ energy values.  Overall, the 
use of delivered energy promotes integrated energy production and efficiency and leads to 
harmonisation of energy accounting (across EU).  Th is will also help the energy service 
industry refer to the supply of energy as an outcom e (heat and power) rather than outputs (fuel 
and electricity), preventing any double counting of  efficiency benefits. 

2.3 Drivers for Development 

There are numerous drivers that influence the markets’ uptake of bioenergy but of these the over-
riding high-level ones are security of energy supply and concerns over climate change.  The key 
issues can be summarised as follows: 
 

·  Security of supply: rising world demand for conventional fossil fuels (in particular oil and gas) 
and the exhaustion of easily accessible supplies has led to a steady increase in energy prices 
in recent decades, though overlaid by significant (and largely unpredicted) price fluctuations.  
The UK has moved from being an exporter of North Sea oil to a net importer of oil and gas, 
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with the prospect of increasing dependency on supplies from geopolitically unstable sources.  
Renewables are seen as one way of increasing future security of supply, though it must be 
noted that the current prospect is for a significant share of the UK’s future bioenergy to also be 
imported. 

 
·  Climate change:  there is increasing scientific evidence that CO2 emissions from fossil fuel 

consumption will result in significant increases in global temperatures through the greenhouse 
effect.  Whilst the conversion of biomass to energy also results in fixed carbon being released 
as CO2, this is counterbalanced by the CO2 absorbed during the biomass growth, resulting in 
a process that is close to carbon neutral5.  Concern over climate change has become a 
principal driver for renewables, with bioenergy seen as the single biggest renewables 
contributor due to its availability and flexibility. 

 
These two factors have steadily increased the pressure on politicians and decision makers to find 
ways to encourage the market uptake of bioenergy and other forms of renewable energy.  Global 
agreements like the 1997 Kyoto Protocol have provided signatory countries with a strong incentive to 
increase the deployment of renewables and most have responded by setting deployment targets and 
bringing forward a range of financial and market incentives.  For the European Union this has recently 
come to a head with political agreement for a very ambitious renewables directive that imposes a 
mandatory target of 20% of final energy demand in 2020 to be met from renewable sources.  The 
directive applies across all energy uses (heat, electricity and transport) and includes a subsidiary 
target for 10% of road transport fuels to be renewable-sourced (applicable in all Member States).  The 
directive also allows for trading to take place between Member States and for joint projects with third 
countries. 
 
The UK starts from a lower base than most EU members, with only 1.78% of energy demand in 2007 
derived from renewable sources, so has been set a lower overall target of 15% in 2020.  However this 
presents a very significant challenge for both the Government and the market.  The Government is 
currently preparing a renewable energy strategy (RES) for publication in June 2009, which will set out 
how it plans to achieve these targets.  The directive’s requirement for the renewables contribution to 
be calculated as a share of final demand, rather than primary energy (as was the previous practice), 
reduces the share from bioenergy sources relative to non-thermal technologies like wind and hydro6. 
 
Nevertheless bioenergy is projected by the Government to make the single biggest contribution to 
achieving the UK’s 15% target.  Analysis undertaken for the RES consultation7 (published in June 
2008) has the various different bioenergy vectors contributing a total of around 49% of the 260 TWh 
renewables projected to be required in 2020, assuming that the 53 TWh in the transport sector 
originates from biofuels (the document acknowledges that this is likely to be the case as alternatives 
for transport are unlikely to be available in sufficient volume by 2020).  The only other published 
projection (by the Government’s Renewables Advisory Board, RAB) reaches a similar conclusion 
regarding bioenergy’s total contribution, though it sees a larger share going to electricity compared 
with the Government’s greater emphasis on heat applications8.  Of course bioenergy technologies 
generally have much higher load factors than the alternatives, so their energy contributions can be 
achieved with significantly lower installed capacities9. 
 
The RES Consultation’s projected contributions in 2020 are summarised in Figure 2: 
 
 
 
 
 
 

                                                      
5 the extent of this can vary quite widely depending on the biomass source, the conversion process used and the amount of energy expended in 
transportation of the feedstock. 
6 In other words, these are now counted as GWh delivered, rather than GWh of fuel used (i.e. excludes losses due to conversion iefficiencies) and 
the production of a GWh of heat will count as much as and alongside production of a GWh of electricity. 
7 The RES consultation is published at http://renewableconsultation.berr.gov.uk/ 
8 RAB’s projections for 2020 are published at http://www.renewables-advisory-board.org.uk/vBulletin/showthread.php?t=136 
9 For example RAB’s analysis projects wind generating 87 TWh from an installed capacity of 31 GW compared with bioenergy producing 73 TWh 
electricity and heat from an installed capacity of 17 GW. This shows an overall ‘delivered to installed’ capacity factor of 32% for wind versus 49% 
for bioenergy. 
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Figure 2 Projected renewable energy contributions i n 
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Achieving each of these contributions represents a significant challenge; there are few easy wins.  The 
RES should set out the measures that the Government will introduce to stimulate deployment; these 
will cover such key areas as market incentives, market access (e.g. grid connection), the planning 
framework and innovation.  Mindful that renewables come with their own impacts, the strategy will also 
need to address such key areas for bioenergy as environmental impacts and sustainability.  In general 
the Government’s intention is to put in place a clear overall framework then let the market decide 
which technologies are best placed to succeed.  Bioenergy is well placed to compete, with the RES 
Consultation identifying that bioenergy “may be one of the most cost-effective ways to meet the EU 
2020 renewable energy target for heat and electricity, as well as delivering significant carbon savings”, 
though of course the bioenergy sector is a complex one and the outcome will depend on a wide range 
of factors.  Some of the most important ones are as follows: 
 

·  The relative costs and commercial maturity of options are always key determining factors.  
The Government has just introduced technology bands for the Renewables Obligation which 
will encourage the market to focus on the more innovative and energy efficient options10.  The 
Renewable Transport Fuel Obligation provides for an increasing share of biofuels in petrol and 
diesel and the Energy Act 2008 paves the way for the introduction of both a renewable heat 
incentive and a ‘feed-in tariff’ system for small-scale renewables applications. 

 
·  Availability of feedstock(s) is a key issue.  The RES Consultation estimated that there is the 

equivalent of 64-78 TWh (primary energy) domestic biomass available now, rising to over 100 
TWh/year in the longer term11.  The UK’s ability to meet projected demand from domestic 
sources will depend principally on the extent to which energy crops are adopted.  Agricultural 
policy is therefore an important driver for bioenergy.  Whilst there is also likely to be a growing 
international market for biomass, increasing international demand could well reduce its 
economic attractiveness in the UK. 

 
·  Environmental regulation is a key driver for bioenergy.  There are many examples of this, from 

waste management policy determining the relative attractiveness of competing waste disposal 
options to regulations governing emissions from combustion plant.  For bioenergy one of the 
key issues will be the extent to which future regulation favours large-scale applications (where 
the emissions are generally more easily controlled). 

 
·  The implementation of quality and sustainability standards for bioenergy will become a key 

issue.  These will most likely affect bioenergy use at all scales and across all sectors in due 
course.  They could be particularly key in limiting biomass/biofuels imports.  The RES 
Consultation recognises the need for comprehensive fuel quality standards and expresses 

                                                      
10 A fact sheet summarising the RO and detailing the changes implemented from 1 April 2009 is published at 
http://www.decc.gov.uk/Media/viewfile.ashx?FilePath=213_20090330101034_e_@@_FactsheetRO.doc&filetype=4 
11 These figures come from the UK Biomass Strategy, which quotes 55-66 TWh delivered energy at 85% efficiency for CHP operations available 
from existing resources. 
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concern that significant use of biomass in small-scale applications in urban areas could have 
adverse impacts on air quality12.  The recently agreed renewables directive includes 
sustainability criteria for biofuels/bioliquids and calls on the European Commission to propose 
criteria for application to biomass by the end of 2009. 

 
·  A further issue related to sustainability is competition from non-energy uses.  This has been 

highlighted recently with respect to the potential for energy crops to displace food production 
(particularly in less developed countries) as demand for biomass/biofuels increases.  
Competition can similarly affect recycling of waste versus its use as an energy source; these 
issues can be very sensitive, especially since the competitiveness of waste to energy is mainly 
dictated by policy decisions. 

 
·  Public opinion could have a significant influence on the prospects for bioenergy.  There 

continues to be vocal opposition to the development of waste to energy plant, despite the 
policy support for it.  Public and Local Authority education is essential if rational decisions are 
to be taken.  Public and Local Authority acceptance is an issue that affects all the lead 
renewables options (in particular onshore wind) so bioenergy is not alone in this.  The public 
has yet to come to terms with the implications of achieving the UK’s 15% target. 

 
·  A key factor in determining market uptake is the ability of the respective supply chains to 

supply reliable energy conversion equipment and its required fuel.  There are relatively few UK 
equipment manufacturers and fuel distribution networks are poorly developed at a local scale.  
Potential users are likely to place great store in the confidence they can have in biomass 
providing the same reliability they have been used to from conventional fuel sources. 

 
·  Technological development and the regulatory environment can play a key role influencing the 

relative attractiveness of competing bioenergy options.  The RES Consultation gives 
significant weight to the potential from the anaerobic digestion of wet wastes to produce 
biogas, highlighting the potential to upgrade the gas to pipeline quality.  Most recently National 
Grid has issued a report saying it can provide half of the UK’s residential gas demand from a 
combination of wet and dry wastes, treated respectively by AD and thermal gasification, and 
injected into the low pressure tier of the distribution network. 

 
·  With respect to technological development, the advent of 2nd generation biofuels technologies 

(allowing the use of woody feedstocks) could have a very significant impact on the market.  
Whilst this will reduce the need to convert food sources such as sugar cane and maize to 1st 
generation biofuels, it could still impact on food production unless regulations restrict which 
land the 2nd generation energy crops are grown on.  In addition the development would 
significantly increase competition for feedstock between the electricity/heat sectors and the 
transport fuels sector. 

 
·  Skills Shortages. Skills gaps and shortages are increasing nationally through a combination of 

novel processes and technologies, through the aging of the workforce and through a lack of 
suitable training courses and facilities specific to the bioenergy sector. It is anticipated that 
these shortages will be felt at all levels within the sector13. Studies undertaken by the Energy 
Research Partnership14 indicate that the numbers of future scientists and engineers available 
to support UK industry and academia are in decline. This is particularly the case in the areas 
of developing innovative solutions. Without a suitably skilled and trained workforce the UK’s 
2020 renewable energy targets and the necessary expansion in the bioenergy sector will be 
difficult to achieve. This area could be the single largest barrier to the development of an 
organically grown bioenergy sector within the UK.  This is an area that is beginning to be 
addressed through a number of initiatives such as the set up of National Skills Academies in 
specialist areas such as Power and Manufacturing. 

 
All of the drivers listed above can play a major role in influencing the rate of bioenergy uptake and the 
markets’ choices of technology, feedstock and project location.  Historically it is the way that financial 
incentives are applied that plays the biggest role in determining the market’s decisions and there is no 

                                                      
12 However the RES Consultation also states that uptake of biomass for domestic heating is most likely to take place off the gas grid for reasons of 
competitiveness and space. 
13 Energy White Paper: Meeting the Energy Challenge, 2007, URN No 07/1006 
14 Energy Research Partnership, May 2007. Assessment of high level skills shortages in the energy industry 
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reason to believe that this will change.  The next section considers the characteristics of the UK 
bioenergy market and the ways in which it might develop over the next decade. 
 

2.4 The UK Bioenergy Market 

As indicated, public policy tends to be the most significant influence that determines market choices, 
especially as most of the options rely on financial support in some form.  There is no indication yet of a 
clear Government strategic plan for the bioenergy sector, hence it is quite difficult to predict which 
options the market will turn to.  The RES Consultation and 2007 Biomass Strategy gave strong weight 
to opportunities for the small-scale use of biomass (concerns over air quality in urban areas 
notwithstanding15) but it remains a poorly developed market in the UK and those involved at larger 
scales express serious concerns that the use of biomass at small scales can be sufficiently regulated 
to assure its environmental acceptability.  District heating would appear to provide a significant 
opportunity but faces huge infrastructure challenges and does not fit well with the UK’s liberalised 
energy market.   
 
The majority of the capacity required to deliver 10% transport biofuel by 2020 is likely to be delivered 
by biodiesel and bioethanol facilities which are currently planned, being installed and already in 
production in the UK16.  The majority of these are in the North of England.  As such this report will 
focus mainly on the new markets for technology, which will largely be based on the electricity and heat 
sectors. 
 
In general UK bioenergy policy is focussed on encouraging options like combined heat and power 
(CHP) and heat only that can achieve conversion efficiencies up to 90%.  However the success of this 
has been very limited to date, as the value to project developers of electricity production has far 
outweighed the value of heat (as the financial incentive to date has focussed entirely on electricity), 
added to which there are limited opportunities in the UK to combine a suitable heat load with power 
production 17.  The Government plans to correct the imbalance through the introduction of a renewable 
heat incentive (RHI, probably starting in 2011), but the detail of how this will work in practice is still 
very much under development. 

2.4.1 Current Bioenergy Use 

Table 1 summarises data on bioenergy use in the UK in 2006 (taken from a 2008 study for the 
Environment Agency).  It presents a summary based on an indicative installed capacity and 
generation of heat and power and the tonnages of feedstock used.  Data like these are generally 
constrained by the lack of information in the open literature and by the lack of requirement to collate 
such information.  Therefore some of the categories, particularly small-scale heat and biofuels 
production, may represent an underestimate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
15 The promotion of experience gained in other countries such as Austria and Germany where biomass burners are widespread will assist in the 
reduction of this impact. These countries have adopted requirements for annual maintenance of exhaust cleaning systems and regular audits of 
the quality and operation of the flues as the technology develops. This approach appears to be sufficient to meet air quality requirements.  
16 NNFCC Newsletter, UK Biofuel Production Facilities: Status Report, March 2009. 
17 Compared with many European countries, the UK has few district heating schemes that could use the heat output from a CHP scheme.  One 
must also remember that the seasonal nature of space heating loads makes it difficult to size conventional CHP plant such as to maximise its 
economic efficiency.  Hence CHP is generally more suited to process heat loads 
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Table 1 Summary of data on bioenergy in 2006  

Sector Installed capacity, 
2006 (MW) 

Generation, 
2006 (MWh/y) 

Feedstock, 2006  
(ODT/y in 000’s) 

Co-firing power  19,496 1,533,960 870 
Stand alone biomass power and CHP 
a) Combustion 118 610,707 646 
b) Gasification 0 0 0 
Large-scale CHP 80 296,699 338 
Biomass heat 
Large-scale heat Not known 2,570,000 438 
Small-scale heat 32 MWth 200,000 49 
Domestic heat Not known 376,000 350 
AD – power 6.3 12032 300 wet 
AD – heat 0 0 0 
Transport biofuels 1688 Million litres 296 Million litres 293  
 
If recent announcements in the media are taken into account, the most significant short-term uses of 
biomass will continue to be for large-scale electricity-only production, with proposals totalling almost 2 
GWe.  The 350 MWe Port Talbot plant has been followed by announcements for other very large-scale 
projects (for example Drax want to build three biomass plant with a total output of 900 MWe, Helius 
Energy have proposed a 100 MWe plant in Avonmouth and a 65 MWe plant in Stallingborough, E.ON a 
150 MWe plant at Portbury Dock (Bristol), MGT Power a 300 MWe plant in Teesport and Tilbury Green 
Power a 60 MWe plant in Essex).  Whilst these are largely based on the majority of fuel being imported 
from North America or Europe, they are likely to have a very significant impact on fuel supply chains 
locally as well.  Clearly their fuel efficiency is low without the use of the waste heat. The BESRE Park 
as envisaged here would have little to offer towards the deployment of such large scale bioenergy 
schemes.  It could however, help to serve specific needs within these large scale plants around 
sustainability of biomass supply, emission monitoring and improvements in the conversion processes. 

2.4.2 Future Bioenergy Use 

Returning to the projections presented in the Government’s RES Consultation, Table 2 shows the 
contributions anticipated for the various bioenergy options: 

Table 2  Projected bioenergy contribution in 2020 

Projected Bioenergy Contribution in 2020 TWh % 
Renewable Transport* 53.0 41.4 
Biomass Heat 37.7 29.5 
Biogas Heat 12.2 9.5 
Biomass Electricity 11.0 8.6 
Waste Electricity 1.2 0.9 
Biomass co-firing 4.6 3.6 
Other Bioenergy Electricity** 8.3 6.5 
Bioenergy Total 128.0 100 
 
* This assumes that the renewable transport contribution comes entirely from bioenergy 
** This consists of landfill gas, sewage gas, advanced conversion technologies, biowaste and biogas 
 
The 10% transport target results in this sector making the single largest bioenergy contribution under 
this scenario.  However until 2nd generation biofuels become commercial this sector will have a 
relatively limited impact on either the heat of power sectors.  The RES Consultation explores the 
potential for electricity to supply the energy needs for renewable transport (through the use of electric 
vehicles), however this would further increase the already significant challenge for renewable 
electricity and it is uncertain that electric vehicle technology will be ready for widespread application 
over the required timescale, so is not considered a credible option in the short term. 
 
The Government clearly sees bioenergy heat as a significant growth area, contributing 50 TWh 
compared with only 25 TWh electricity.  In contrast RAB’s analysis projected 34 TWh heat and 39 
TWh electricity from bioenergy.  Developing such a heat market will present a number of challenges.  
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As stated above, users will need confidence in both the equipment and the long-term fuel supply.  The 
industry for both of these is poorly developed and will take time to grow.  Achieving such penetration 
will require investment decisions to be made by hundreds of thousands of users, many of whom are 
likely to start with a sceptical outlook.  Integrating biomass boilers into modern housing poses 
challenges due to the boiler size and fuel storage requirements, not to mention the potential 
cumulative impact on air quality.  The seasonal nature of heat loads requires the supply side to be 
able to cope with the resulting cyclical demand.  Essentially, a new industry needs to be created. 
 
Of course there are also many options for large-scale heat applications, and these have significant 
advantages in terms of economies of scale and ability to control the environmental impacts.  There is 
considerable interest in community heating schemes based on CHP; however these also face 
challenges (as mentioned above).  The option of converting biomass and waste feedstocks into 
pipeline quality gas appears at first sight a very attractive one, as the majority of homes and 
businesses are already equipped with a gas boiler, thereby greatly facilitating the delivery of the 
renewable heat.  However it too faces significant technical challenges and achieving it would require a 
very concerted approach by policy makers. 
 
The electricity market is by far the most active one for biomass at the present, as shown by the major 
projects being proposed (see Section 2.4.1), despite the relatively poor fuel efficiency achieved by 
electricity-only plants.  This is explained by the fact that the Renewables Obligation (and its 
predecessor, the Non-Fossil Fuel Obligation) has offered developers a significant price premium 
(Renewables generators have historically received one Renewable Obligation Certificate (ROC) for 
every MWh of renewable electricity supplied; these are sold at auction and are currently worth around 
£52/ROC) and the relative ease with which the electricity grid can accommodate biomass-generated 
power.  A new banded structure has been implemented for the Renewables Obligation from April 
2009, in which the level of support is being tailored more precisely to the needs of different renewable 
energy technologies.  The bands are shown in Table 3 below. 
 

Table 3 Bioenergy technology ROC bands 

ROCs awarded per MWh e Bioenergy technology* 

0.25 Electricity generated from landfill gas 

0.5 Electricity generated from sewage gas 
Co-firing of biomass 

1 Co-firing of energy crops 
Energy from waste with CHP 
Co-firing of biomass with CHP 
Standard gasification 
Standard pyrolysis 

1.5 Dedicated biomass 
Co-firing of energy crops with CHP 

2 Advanced gasification 
Advanced pyrolysis 
Anaerobic digestion 
Dedicated energy crops 
Dedicated biomass with CHP 
Dedicated energy crops with CHP 

* Explanation of the terms used are provided within the Glossary (see Section 0) 
 
This new structure should give a strong incentive to developers to implement the more fuel efficient 
and innovative technologies that benefit from multiple ROCs.  This will particularly be the case if any 
heat utilised will also benefit from the proposed renewable heat incentive.  Note that conventional 
energy from waste (without CHP) is not eligible for support. 
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The Government’s Renewables Advisory Board undertook an exercise in 2008 to project how the UK’s 
2020 target might be achieved (as mentioned above; note that the analysis produced a scenario for 
only 14% renewables, as around 1% is likely to be met by one or more of the large renewable energy 
schemes being considered, including Severn Barrage and offshore wind).  The projections were based 
largely on the collective experience and insight of RAB members rather than any systematic 
modelling.  The analysis was undertaken on a sectoral basis, looking at the different end-use markets 
that technologies were likely to contribute to (and assumed that the 10% transport target was achieved 
through the use of biofuels).  These end-use markets were broadly classified as large-scale heat, bulk 
electricity and the built environment.  The results for bioenergy in terms of 2020 installed capacity and 
energy production are summarised in Table 4. 
 

Table 4 RAB 2020 projections (electricity and heat)  

RAB 2020 projection Installed capacity (MW) Energy production (GWh) 

Application Electricity Heat Electricity Heat 

Large-scale biomass 3,300 2,812 18,109 13,986 
Solid Recovered Fuels 700 391 3,908 1,884 
Biomass co-firing 640  3,532  
Landfill gas 600  2,636  
Anaerobic digestion 500  1,862  
Sewage sludge digestion 140  475  
Built environment 2,400 5,880 7,989 18,449 

Totals 8,280 9,083 38,510 34,319 

Note: the transport fuels are projected to contribute some 4 Mtoe, or 46,500 GWh of 
bioenergy. 

 
 
It can be seen that the major contributions come from large-scale biomass plant and applications in 
the built environment.  The latter is particularly significant, as the 2.4 GWe capacity was projected to 
be entirely in the form of residential CHP (mostly in the form of community CHP schemes), with an 
additional 1.8 GWth of heat-only.  Such a deployment of CHP in the built environment would 
necessarily be contingent on a parallel deployment of district heating.  The Government launched a 
consultation on a “Heat and Energy Saving Strategy”, including district heating, on 12 February 2009, 
which closed on 8 May 200918.   
 
Whereas the majority of CHP might be expected to come from fairly conventional combustion plant, 
there is scope for advanced technologies such as gasification which allow a higher electricity to heat 
ratio to be achieved, an important factor when a seasonally variable space heating load needs to be 
met.  However the market will only invest in such solutions if they can be shown to match the 
reliability, performance and economics of conventional systems. 

2.5 Link to European and Global markets 

The key drivers for the expansion of bioenergy in Europe are similar to those in the UK, including 
climate change mitigation and national energy security.  Rural development is also considered to be 
part of this.  The European Governments are introducing relevant policies to encourage the use of 
bioenergy, but as a means of achieving their aims and goals in these areas.  The mechanisms used to 
encourage bioenergy will vary from country to country, and lead to somewhat different bioenergy 
routes being supported. 
 
On 17th December 2008, the EU agreed that 20 per cent of its final energy consumption should be 
derived from renewable sources by 2020. This was done through the approval of the European 
Renewable Directive, which has given national renewable energy targets as depicted in Figure 3, 
along side the respective contributions in 2005. 

                                                      
18 See http://hes.decc.gov.uk/ 
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As illustrated the contribution from renewable energy to the UK’s total energy consumption in 2005 
was one of the poorest of the 27 EU states (above only Malta and Luxembourg). The UK’s contribution 
is required to increase to 15% by 2020, which means the UK is required to surpass the contributions 
of 6 other member states all of whom are starting from a more advanced position.  
 

Figure 3  The 2020 targets for EU countries - Renew able Directive 

Renewables Directive - proposed national targets fo r 2020
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A recent report to BERR19 compared the challenges for the UK Government of meeting the 2020 
renewable energy targets, in comparison with those of other European Governments.  Overall, the 
report showed that bioenergy will play a significant role in meeting the countries’ renewable energy, 
and their associated GHG saving targets.  The challenge for the UK in meeting the target will be great, 
if not the greatest among the European countries.  By focussing on the needs and challenges of the 
UK market the BESRE Park concept should allow skills and innovation to develop that could be 
exported to meet the needs of the European and other overseas markets. 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
19 Compliance costs for meeting the 20% Renewable Energy target in 2020; by Poyry Energy Consulting, March 2020. 
The report also gives the global installed capacity of bioenergy as follows: In 2004 estimated to be around 36 GW; In 2015 predicted to be around 
68 GW; In 2020 predicted to be around 129 GW. 
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Figure 4  Renewable energy mix in 2020 for EU as a whole 

 

 
 
Finally it is worth mentioning that the biomass market is a truly global one, with significant 
opportunities for any technology that can establish a competitive advantage.  All members of the EU 
are subject to fairly ambitious growth targets and beyond Europe lie a range of opportunities in both 
developed and developing countries.  There is no reason why UK companies should not be active in 
these markets, although historically this has rarely been the case. The necessary development of the 
bioenergy market required for the UK to meet its targets has the potential to act as a driver for UK 
companies to develop innovative methods and technologies that have a competitive advantage in the 
global market place. 
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3 Estimating Bioenergy Business 

3.1 General 

This section builds on Section 2 and presents a high level analysis that estimates the likely number of 
installations and the business activity/turnover that may be involved in the supply of bioenergy 
technologies by 2020.  In particular, it describes the basis of the analysis and then determines the 
potential contribution of each of the technologies. The forecast development of these technologies 
across the short, medium and long term time frame up to 2020 is discussed in Section 4. 

Our view is that by meeting the challenges facing the UK in delivering its renewable energy targets, 
the necessary technology and know how can be developed that could be exported to the international 
arena.  Unlike other renewable sources the bioenergy market requires the purchase and supply of fuel 
prior to undergoing conversion into a usable form of energy. These linkages are illustrated in Figure 5.  
Overall, the supply of bioenergy, now and in the future, will be a function of the market needs and 
conversion technologies but it will also be based on regional, national (UK) and international biomass 
supply.  This will have an impact on the conversion technology deployment in the UK, the R&D that is 
undertaken and the support provided from the UK Government among other factors. 

Figure 5 Schematic illustrating the linkages of the  conversion technologies to biomass supply and the 
energy market 
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Within the UK (and EU countries) the deployment of biomass is primarily driven by the targets within 
the Renewable Energy Directive and national Carbon footprint aspirations.  It is important to be able to 
choose some of the more likely technologies that would help to deliver the statutory obligation in the 
UK (and in Europe to an extent).  The various projections as depicted in the RES consultation, the 
Environment Agency and RAB are broadly pointing to similar trends in the type and scale of the 
technologies, as these are driven by the potential market needs.  The following analysis uses the RAB 
projections20 to assess the potential bioenergy technologies that will be required to meet the 2020 
targets. 

3.2 Potential Scope for Bioenergy in 2020 

As mentioned above, we are using the RAB projections to estimate the bioenergy business activities, 
especially with respect to the size and type of the technologies. Overall, these reflect the balance 
between heat supply and electricity production considering the feedstocks, technologies and potential 

                                                      
20 As this is where we have more detailed, but unpublished, breakdown of data by bioenergy markets.  Within the draft Renewable Energy 
Strategy the projections are not as detailed and assume more heat and less electricity. 
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markets that help to deliver the mandatory targets within the UK policy framework based on renewable 
energy.  
 
The outcome from this analysis should only be regarded as indicative, as there are many issues that 
make this or any such approach uncertain. These include: 
 

·  Financial incentives to be implemented by the Governments and how they will impact on the 
different bioenergy technologies. 

·  Uncertainties around biomass availability and commodity prices. 
·  Supply chains for feedstocks and infrastructure for distribution of electricity and heat (and 

transport of biofuels, where appropriate). 
·  The various issues in relation to the use of wastes, such as definition of waste, their 

availability for bio-energy projects, as well as possible future categorisation and possible uses 
of  by-products from processing industry. 

·  Definition of energy crops, implications and the uncertainties surrounding their overall 
sustainability, including the effects on a range of sustainability indicators such as bio-diversity, 
land use, water use, air pollution, greenhouse gas (GHG) emissions and the competition 
against production of food. 

·  Impact on local air quality due to the prospect of high concentrations of small bioenergy 
schemes. 

·  Although there is increasing activity involving advanced conversion technologies, including the 
installation of pyrolysis plant and gasifiers in the East of England Region, the uptake of these 
technologies has been, and continues to be, low. 

 
Each fuel-technology route may have unintended impacts in other policy areas and, in some cases, 
may conflict with other national or international policy aims. As mentioned above, if widespread 
application of biomass combustion was to be implemented using small-scale boilers, it may have an 
adverse impact on the air quality in the locality.   
 
Bearing these issues in mind, we have attempted to select the thermal and biological technologies that 
are likely to play a significant role in delivering the bioenergy contribution to the 2020 renewable 
energy targets. This following analysis has been structured using the following fuel technology 
combinations: 
 
Biomass schemes 

 

The likely feedstocks for this category are wood processing residues, energy 
crops and selective agricultural or agro-industrial residues.  A significant 
proportion of this is expected to be imported.  Energy crops would include 
short rotation coppice such as willow and eucalyptus. 

Solid recovered fuel These are basically solid fuels that have been derived from the biological 
component of commercial, industrial and municipal wastes.  These can 
include the biological waste wood, arboricultural arisings (such as stem 
wood, branches, foliage from tree surgery operations) and dry animal 
manure. 

Co-firing The feedstock will be mainly chipped or pelletised wood residues or waste 
from agricultural origin.  Again a significant proportion would be imported. 

Wet waste AD The feedstocks can include livestock slurry and manures, sewage sludge, 
mixed biodegradable waste from municipal solid waste, separately collected 
food waste from households, commercial premises and industrial processing 
facilities and strong (high BOD, COD) effluents from industry. 

Landfill gas The feedstock for this is mainly that of municipal origin that is biodegradable 
and has already been deposited in landfills. 

Sewage gas This refers to the biogas generated from the anaerobic digestion of sludge 
generated at sewage treatment works, operated mainly by water companies. 

Built environment 
(CHP and heat 
schemes) 

This refers to the urban areas comprising commercial and residential 
premises, including both existing and new build. Feedstock will vary but is 
likely to consist of logged, chipped or pelletised wood residues. 

Other Although not considered in the projections, the scope of bioenergy in the 
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future will also be derived from second generation biofuels (i.e. those that 
recover cellulosic material from woody materials) as well as by oils and 
biomass from marine and algae biomass. 

 
Table 5 gives the estimated contribution of bioenergy technologies to the renewable energy market in 
2020.  It provides installed capacity as well as the estimated delivered energy values for the principal 
fuel-technology categories.  These are based on the RAB projections that were dealt with in Section 
2.4.2.  In deriving these, a number of simplifying technical assumptions (summarised in Table 6) have 
had to be made. These assumptions were made in relation to performance efficiencies, plant 
availability efficiencies and an estimated representative bioenergy plant size for each category.  The 
table shows that a significant proportion of the electricity contribution would be delivered by large 
bioenergy schemes and that the heat contribution will be provided by either CHP at large industrial 
scale or within the built environment where smaller scale CHP or heat schemes would be more suited 
to the market. 

Table 5  Components of the bioenergy contribution i n 2020 in the UK 

Biomass technology  
combination 

Label Installed 
capacity 
(MWe) 

Installed 
capacity 
(MWth) 

Electricity 
delivered 

(GWh) 

Heat 
delivered 

(GWh) 

Biomass Ele only Biomass ele 1,940 0 11,560 0 
Biomass CHP Biomass CHP 1,360 2,320  6,560 11,200 
Biomass Heat only Biomass heat 0 500 0 2,900 
Solid recovered fuels Ele only SRF ele 470 0 2,800 0 
Solid recovered fuels CHP SRF CHP 230 400 1,110 1,900 
Biomass co-firing Ele only Co-firing 640 0 3,540 0 
Wet waste to biogas Ele only AD plants 500 0 1,870 0 
Landfill gas Ele only LFG ele 600 0 2,640 0 
Sewage gas to ele. Ele only Sewage ele 140 0 480 0 
New build residential CHP New Res CHP 1,000  1,700  3,330 5,700 
Existing residential CHP Exi Res CHP 1,400  2,380  4,670 10,500 
Existing residential Heat only Exi Res heat 0 900 0 1,200 
Existing non-
residential 

Heat only Exi non-res 
heat 

0 900 0 1,200 

Total 8,280  9,100 38,560 34,600  
 

Table 6  Key assumptions linking the technical and economic information 

Bioenergy 
category 

Load 
Factor* 

% 

Grid 
Factor** 

% 

Installation size  
(MW ave.) 

Capital 
investment 

(£/MW) 
Biomass ele 80% 85% 30.00 2,333 
Biomass CHP  55% 100% 15.00 2,867 
Biomass heat 65% N/A 5.00 900 
SRF ele 80% 85% 20.00 4,500 
SRF CHP 55% 100% 10.00 5,000 
Co-firing 70% 90% 50.00 1,200 
AD plants 50% 85% 0.55 5,455 
LFG ele 59% 85% 3.00 500 
Sewage ele 43% 90% 1.50 667 
NB Res CHP 38% 100% 1.50 4,000 
Ex Res CHP 38% 100% 1.50 4,000 
Ex Res heat 15% N/A 0.015 1,200 
Ex Nres heat 40% N/A 0.1 1,000 

*The load factor is a measure of the percentage that the plant/process would typically operate compared to the full 
potential if the plant/process was to run continuously. Load factors for bioenergy technologies are typically 70% for thermal 
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conversion technologies and 80% for biological conversion technologies.  In contrast, for on site wind it is typically 26% 
and offshore 30%. 
**The grid factor, introduced by RAB, takes account of the time when plant is non-operational due to electrical demand 
being met from other sources (including other renewables).  

 
 

Figure 6 Likely heat and electricity supply in 2020 , by fuel-technology combinations  
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Figure 6 illustrates the likely supply of heat and electricity in the UK by 2020.  It shows that biomass 
based electricity and CHP schemes would provide a significant contribution to the overall bioenergy 
supply; followed by the CHP schemes in the built environment.  The built environment would include 
both existing and new build residential and commercial accommodation.  The AD plants could make a 
greater contribution than shown, but will be dependent on the size of AD plants and the markets 
served – dictating the type of biogas utilisation schemes.  The introduction of the Renewable Heat 
Incentive in 2011 is expected to have significant impact on the deployment of AD technologies; what is 
clear however is that the scope for AD in the UK will rise significantly. 
 
It should be noted that many of the installations producing electricity “only” are already at planning 
stage and these would provide a fairly low business opportunity for the BESRE Park.  A significant 
proportion of the bioenergy supply (and therefore the installed capacity) will come from CHP plants at 
large industrial scale as well as in the built environment.  However, the number of plants required 
within the heat only supply market (see Figure 7) will provide the greatest opportunity for BESRE Park.  
 
Figure 7 is derived by allocating nominal (likely average) size to a technology that might fall under 
each of the bioenergy categories as given in Table 6 above.  The figure shows that small scale heat 
supply, dedicated to residential and non residential buildings would pose the greatest opportunity and 
challenge in terms of the number of installations.  These will provide a significant opportunity to the 
bioenergy industry in delivering down stream services, such as in maintenance, servicing and supply 
of fuel to a large number of distributed locations.  If additional small scale generating technologies are 
also deployed on a large scale, such as with AD and CHP plants (as indicated in Figure 7), then the 
opportunities will be improved by the needs of further support services. 
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Figure 7 Estimated number of bioenergy technology i nstallations by 2020 
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AD is ideally suited to distributed power production and holds a great promise for smaller, innovative 
AD schemes.  The real challenge for this technology is in making low cost, low maintenance, small 
and modular plants.  Otherwise, larger schemes based on readily available food waste will be 
implemented, which will follow the current trends of being net exporters of electricity alone.  This would 
also mean that the most commercially attractive schemes would be built first (based on cherry picked 
food waste from household) and the scope for having co-digestion schemes (with livestock manure or 
commercial and industrial waste) would diminish further. 
 
The Capital Investment anticipated to deliver the proposed level of installed capacity by 2020 is 
illustrated in Figure 8.  From Figure 6 the largest contribution from bioenergy to the 2020 energy 
targets is predicted to come from large scale plant, closely followed by the contribution from residential 
(both new and existing) CHP plant. Contrast this to the capital expenditure illustrated in Figure 8, 
where approximately £9.6 billion will be required for the installation of CHP in existing and new build 
property compared to an estimated £8.4 billion in a few large biomass electricity only or CHP plant. In 
addition the capital expenditure to install the required numbers of SRF electricity or CHP schemes, AD 
plants and heat only schemes for the built environment is also significant (estimated to be worth a 
combined total of £8 billion) as a result these markets cannot be ignored by the developers of the 
BESRE Park.  
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Figure 8  Likely capital investments by fuel-techno logy bioenergy combination 
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4 Selection of Technology Supply Chains 
As mentioned in Section 2.5, the 2020 renewable energy targets from bioenergy are likely to be 
achieved through a combination of bioenergy technologies. It is anticipated that existing thermal and 
biological technologies will play a major role in this, complemented by their more advanced 
counterparts such as gasification, pyrolysis and high solids anaerobic digestion. Overall, an effective 
integration of these bioenergy technologies into the energy production and utilisation system will 
become the main challenge in delivering the potential contribution of bioenergy.  These will provide 
opportunities to energy supply, service and consultancy companies and will be an important 
consideration for the developers of the BESRE Park, if a form of ‘gateway’ concept together with a 
significant momentum is to be ‘aided’ by the project. 
 
Within this section we discuss the following issues: 

·  Bioenergy Investment and Sustainability; 
·  Supply Chain Development; and 
·  Short, Medium and Long Term Growth. 

4.1 Bioenergy Investment and Sustainability 

Governments cannot suggest or offer any guidance on the preferred type and size of technologies for 
the different applications, leaving the market to decide on a case by case basis. One of the key 
debates around the supply of bioenergy is based on the sustainability of the fuel supply, which is 
inextricably linked with the way the biomass is grown and delivered.  This aspect of bioenergy is 
attracting increasing attention from Government and research, it is therefore advisable that information 
on the broader sustainability criteria is reviewed to support the favoured fuel technology combinations. 
 
This impact can be illustrated through a recently published report21 on biofuels, “Biofuels and 
sustainability – an investor perspective” which highlights that companies must convince the general 
public that they will move towards sustainable business models otherwise, they risk governments 
changing their priorities on bioenergy and seriously affecting the industry’s growth.  It also identified 
the need for clearer political and regulatory frameworks, the removal of trade barriers (such as tariffs 
on Brazilian ethanol imports), ensuring policies are driven by climate change and subsidies linked to 
achieved carbon savings.  Globally, industry-wide standards are needed to ensure a net positive 
impact on ecosystems is achieved. 
 
This is a sentiment that can apply to most of the key bioenergy fuels and processes as relevant to the 
UK, as illustrated in the Environment Agency report (published April 2009) entitled ‘Biomass: Carbon 
sink or carbon sinner?’. This summarised work undertaken by AEA for the Environment Agency on 
GHG emissions from biomass and bioenergy conversion technologies.  The report suggests that while 
the biomass heat and power sector can play a key role in the UK, it needs to keep a close tab on its 
renewable energy and GHG commitments, by using sustainable feedstocks. Indicative GHG 
emissions from different biomass fuels, compared to Natural gas are illustrated in Figure 9. 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
21 A copy of the report is available at: 
http://www.fundnets.net/fn_filelibrary/file/co_gsi_reo_research_biofuels.pdf"http://www.fundnets.net/fn_filelibrary//file/co_gsi_reo_research_biofuel
s.pdf  
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Figure 9 Greenhouse gas emissions from producing di fferent biomass fuels, best to worst practice 

 

 
The overall findings of the EA study are: 
 

·  Co-firing biomass is a good short term measure to reduce emissions, but unless carbon 
capture and storage can be deployed and preferably the heat utilised, it does not have a long 
term role. 

·  GHG emissions from energy generated using biomass are generally, but not always, less than 
from fossil fuels. This is dependent on a variety of factors as how the fuel is produced, 
transported and processed has a significant impact on the generated emissions. For example 
by transporting fuels long distances or the use of excessive quantities of fossil fuel derived 
fertilisers will have a detrimental impact on the savings that can be achieved and in 
exceptional circumstances the impact may be greater than using the fossil fuel alternative. 
However, as indicated in Figure 9, the use of biomass will typically generate significant GHG 
savings. 

·  Land use change can negate any emission savings.  
·  Energy conversion efficiency is an important factor in reducing emissions.  
·  Emission reductions of several million tonnes of greenhouse gases per year could be 

achieved by following good practice.  
·  By 2030, biomass electricity will need to be produced using good practice to avoid emitting 

more GHG emissions per unit.  

4.2 Supply chain development 

The development of sustainably produced biomass resources is important for the UK market as that 
will create a demand for fuel.  It is essential that there are no shortages to disrupt supply as it could 
drive up prices and damage confidence in the deployment of bioenergy technologies.  The BESRE 
Park should therefore be designed to accommodate companies that are engaged in the wider supply 
chain, but especially those that relate to the supply of solid biofuels.  
 
It will be important for the RDAs engaged in the development of the BESRE Park to consider the wider 
(national and European) bioenergy strategy and identify how it may (or may not) increase in the 
region’s employment or business prospects.  Predicting such impacts on the region is difficult22 without 

                                                      
22 This is outside the scope of this study. 
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undertaking a detailed examination of the impact on the region of rising production of biomass, 
harvesting, transportation and conversion plants. 
 
Bioenergy will create direct skilled and non-skilled jobs as well as indirect jobs that may be seasonal 
i.e. during harvesting, biomass processing, transportation and storage.  For instance, SRC’s potential 
in job creation depends on whether this comes about as a result of new land coming into production or 
from existing practices being replaced. Some 2-6 direct jobs may be created from 500ha of land and 
another five may be created due to equipment hire, processing and transport of the fuel.  However, if 
the crop is displacing existing practices such as livestock farming then it could have a small or even 
negative impact on job creation. 
 
An overview of the potential industry and the relationships between different stakeholders is shown in 
Figure 10 below. Addressing this range of activities and interests can make adoption of bioenergy 
production more difficult than other renewable energy technologies.  Therefore, it is very important that 
supply-chain issues are addressed effectively because a failure in any part of the chain will prevent 
delivery, leading to reductions in market/consumer confidence. 
 

Figure 10: Biomass supply chain 

 
 
The above examination, of typical supply chain issues, illustrates the potential opportunities for 
BESRE Park. For instance, training of installers, which is a well developed activity that could be based 
at the Park.  Such an activity could also draw on experience from mainland Europe (e.g. from Austrian 
Bioenergy Centre).  A more detailed analysis into skill shortage and opportunities would be required 
once the general direction and key areas are agreed for the Park.   
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4.3 Short, Medium and Long Term Growth 

Figure 11 below shows the actual renewable energy deployment rates in 2006 and 2007 and how this 
will need to grow to meet the requirement of the renewable energy deployment targets in 2020.  It 
illustrates that the challenge for the UK is considerable as the UK is starting from a very low position 
(1.78% in 2007), as the nature of this rise appears to be exponential.  Reports commissioned by the 
Environment Agency and DECC, show similar increases over the next ten years to deliver the 2020 
renewable energy targets.  
 
As previously discussed biomass is seen as making a significant contribution to the 2020 renewable 
energy targets. Therefore to achieve the 2020 renewable energy targets will require a significant 
expansion in the bioenergy sector.  

Figure 11  Renewable energy deployment targets with  time 
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The scope for increasing the bioenergy deployment will be closely aligned with this trend.  It should 
also be noted that the scope provided by landfill gas at present is significant (around 30% of 
renewable energy contribution in 2006, see Section 2), but this will plateau and reduce subsequently, 
as biodegradable waste is diverted away from landfills in the UK - increasing the challenges still 
further. 
 
To assist in the examination of the economic benefits23 (measured in terms of Gross Value Added) at 
regional and national levels, resulting from the deployment of bioenergy we have broken down the 
likely investments into (1) technical design and supply, (2) associated civil works, (3) likely connection 
charge and (4) other costs such as planning and consultancy, these are illustrated in Table 7.  The 
factors used in the derivation are taken from the recent report by Poyry24.  Another major area of 
economic activity will be in the operation and service industry.  Estimates for this will vary for each 
fuel-technology combination, but as a guide a range of between 5% and 15% (based on the total plant 
investment) could be taken. 
 
 
 
 
 
 

                                                      
23 Being undertaken as part of the Market Demand and Needs Study by Adroit Economics Ltd and The Asset Factor. 
24 Compliance costs for meeting the 20% Renewable Energy target in 2020; by Poyry Energy Consulting, March 2020. 
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Table 7  Components of the overall bioenergy invest ment by 2020 (in £million) 

Fuel-tech category 

Technical 
design and 

supply 
Associated 

Civils 

Likely 
connection 

charge 
Other (incl 
planning) 

Total 
investment 

by 2020 
Biomass ele £2,718 £1,268 £362 £181 £4,530 
Biomass CHP £2,340 £1,092 £312 £156 £3,900 
Biomass heat £270 £162 £0 £20 £450 
SRF ele £1,357 £594 £85 £85 £2,120 
SRF CHP £736 £322 £46 £46 £1,150 
Co-firing £493 £216 £31 £31 £770 
AD plants £1,502 £273 £819 £137 £2,730 
LFG ele £165 £30 £90 £15 £300 
Sewage ele £64 £28 £4 £4 £100 
New Res CHP £3,080 £600 £160 £160 £4,000 
Exi Res CHP £4,312 £840 £224 £224 £5,600 
Exi Res heat £972 £108 £0 £0 £1,080 
Exi non-res heat £810 £90 £0 £0 £900 
Total £18,818  £5,623 £2,133 £1,056 £27,630 
 
As the UK (and EU countries) moves towards the statutory renewable energy targets the growth of the 
bioenergy market does face some risks as well as opportunities. These are: 
 

1. Competition: This can be two fold 1) competition within the bioenergy sector; and 2) 
competition for feedstocks, equipment and end markets from non bioenergy industries. 
Competition within the bioenergy sector is beneficial as it will drive innovation, improve 
efficiencies and reduce costs, but competition from non bioenergy industries can hinder the 
development of the sector. 

 
2. National policy and strategy:  Bioenergy markets are dependent on energy policy support 

(as discussed in Section 2). They are therefore vulnerable to changes in this support for 
example the banding of the RO in the UK currently favours the development of advanced 
thermal technologies, however should this support be removed the favoured technology would 
move to those that are closer to commercialisation. 

 
3. Local policy and public perception/opinion:  The backing of the local population can assist 

the development of the bioenergy market by expediting planning permits, improving public 
relations and improving local demand amongst others.  

 
4. Scale effects:  As the market develops scale effects can be realised through improvements in 

efficiency and a reduction in production costs. These savings allow reinvestment in research 
and development, standardisation and marketing which allows the sector to develop, 
promoting further improvements and expansion. However, as the bioenergy market is 
relatively immature it is currently unable to take advantage of scale effects, although providing 
the BESRE Park concept achieves its ambition of becoming the foremost bioenergy focussed 
entity within the UK, it would be well placed to take advantage of this. 

 
5. Partnering with wider businesses:  Where bioenergy markets has grown the complementary 

benefits between the bioenergy producer and a partnering industry i.e. forestry or agricultural 
sector, are more important considerations than the competition between sectors.  

 
Based on these identified areas affecting the growth of the bioenergy market, the BESRE Park 
concept is in a favourable position: 
 

·  Current national policy has identified bioenergy as an important ingredient in the future energy 
mix for the UK. Therefore, current UK policy and strategy are strongly in favour of the 
development of bioenergy and associated technologies. 
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·  There is potentially a significant opportunity to forge relationships with local producers of 
feedstock this ranges from the rural community within the East of England Region to 
developers within the neighbouring regions of London and the Thames Gateway. 

 
Competition for feedstocks is currently limited although this will change as bioenergy increases in 
deployment. However, BESRE Park should be located in an area which benefits from the availability 
of a diverse potential feedstock from both rural and urban environment. 
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5 Opportunities for BESRE Park 

5.1 Scope of the Park 

Through various discussions between Renewables East, Adroit Economics Ltd, The Asset Factor and 
AEA it is understood that the vision of the BESRE park concept is for the park to: 

1. Assist the acceleration of bioenergy deployment in the UK and Europe (as the speed to 
market is important but also challenging, making features such as prototype or operational 
units that can demonstrate the practical aspects of the technologies are very important). 

2. Aid and enhance innovation in the development of bioenergy technologies. 

To enable a structure to be developed around these expectations discussions were held between the 
wider project team (this included representatives from Renewables East, The Asset Factor, Adroit 
Economics Ltd and AEA) on 30 April 2009. This meeting outlined a broad framework and series of 
principles around which the outcomes and recommendations of this study could be tailored.  It assisted in 
the identification of the fuel-technology combinations that will serve the concept, identified potential 
company types and the required facilities that could be sited.  Around these some basic but key principles 
were highlighted.  These included: 

1. The Park should be aligned with the national deployment strategy and be seen to provide 
one of the best propositions for the acceleration of the deployment of bioenergy in the UK. 

2. It should be focussed on the technology supply opportunities that are likely to provide 
excellent measurable ‘value added’ metrics in the region as well as nationally. 

3. The Park will have businesses that can trade from day one and will include all 
complementary but relevant businesses, such as technology suppliers, installers, bioenergy 
consultants, financiers etc 

4. It would offer complementary, not competitor, services to universities and organisations 
conducting research in the area, for example the research being conducted by either the 
SuperGen Consortium or the BBSRC Sustainable Research Centre. 

5. It offers the opportunity to team with other complementary centres in the UK and in Europe 
as a whole such as the facility at Güssing, Austria which was developed from the R&D 
programme from the Technical University of Vienna 

6. Select businesses that are likely to aid ‘small scale, high deployment’ technologies, but also 
focussing on innovation within the candidate technologies (i.e. forward looking but backing 
the more certain technologies to begin with). 

7. Offering technology suppliers the base to demonstrate prototypes to aid their sale activities. 
8. Offering environmental testing facility – that is capable of attracting Government Research 

on a commercial basis. 
9. Allowing a degree of flexibility, addition or changes to facility, with time, and thereby 

businesses and facilities can evolve with time and continue to attract “their own” customers. 
 
In addition to the above points, it was also suggested that the Park should be located in close 
proximity to complementary facilities to ensure that it continues to flourish commercially in the long 
term. These include: 

·  In the broad vicinity of the supply chain; 
·  Next to a large scale power plant; 
·  Next to a university actively engaged in bioenergy R&D; 
·  In the vicinity of a recipient for the generated waste heat 

5.2 Key features of the Campus 

It will be important for the Campus to be designed to demonstrate the ‘best in bioenergy’ by designing 
features that will be consistent with the role it intends to project.  This is essential as the Park should 
be seen to ‘lead by example’ with features such as: 
 

·  “Wet” and “Dry” bioenergy conversion technology demonstrators. Technologies such as 
anaerobic digestion and gasification 
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·  CHP plants based on recovered fuel that will incorporate the best gasification/combustion 
design 

·  Gas grid to distribute biomethane to several points of use within the Park as well as 
neighbouring premises.  

·  Heat grid to demonstrate the use of combined heat power schemes as on the continent. 
 
These will also act as show and/or demonstration features to help with the provision of relevant 
training that may be delivered from the Park -  

·  Emission test facilities on thermal plants for research, development and demonstration of 
State of the Art technologies but to also provide test bed for Government backed verification 
and certification of the technologies 

·  Emission test facilities for engines, for engine developers and suppliers 
·  Test facilities for small scale bioenergy technologies, boilers and heat distribution systems to 

allow training for installers, maintenance and servicing engineers 
·  The presence of demonstrator plant such as anaerobic digestion and gasification technologies 

will allow plant operator training to be undertaken. 
 
In addition to the BESRE Park demonstrating bioenergy technologies, it needs to act as a base and a 
showcase for complementary services.  Technology suppliers that can complement the provision of 
bioenergy or are complementary to the supply of bioenergy should also be considered.  These should 
include those technologies and services where the UK has competitive advantage or is the leading 
supplier in Europe25 .  Some of the leading small-scale technology suppliers in the UK are given in 
Appendix 1.  There are other suppliers outside of the UK who will also value a base at the Park.   

5.3 Key priorities for BESRE Park 

It is acknowledged that for each of the fuel-technology combinations there are a number of individual 
technologies which could achieve the desired output. Some of these are at full commercialisation 
within the UK.  These include large scale biomass combustion, co-firing, CHP and domestic scale 
burners and stoves. Anaerobic digestion has a limited but fast developing presence within the UK.  
Gasification applied within the bioenergy delivery is in the process of progressing from demonstration 
to commercialisation whereas pyrolysis, 2nd generation biofuels, and algal biofuel technologies are 
currently at research or developmental stage.  
 
As previously identified in Section 4.2, the supply chain and the development of the necessary skill 
levels within the UK needs to be developed to meet the requirements of the 2020 targets. We expect 
these skill shortages to be viewed as a major constraint across all sub-sectors of the market. A review 
of this area would be needed to identify specific opportunities for the Park, including those in the 
manufacturing to meet current demands of small scale combustion technology, CHP and domestic 
scale stove burners and boilers. 
 
Emerging technologies such as gasification may also be constrained by the lack of skills and low 
manufacturing base. 
 
Based on the analysis presented above, we summarise below how the fuel-technology combinations 
are likely to develop in the short term (2011 to 2015), medium term (2016 to 2020) and long term 
(2021 to 2030). At each stage it also provides potential areas which BESRE Park should consider 
adopting and implementing. These are divided as per the twin track approach suggested above: 
 

1. Accelerating Deployment:  By identifying how BESRE Park could promote the technology 
and assist its deployment within the UK and internationally; and 

2. Aiding and/or Enhancing Innovation:  By identifying the opportunities for BESRE Park to 
assist research and development within the UK to enhance efficiencies in existing 
technologies or development of the next level of technologies. 

 
Table 8 illustrates the twin track.  In the “Accelerated Deployment” track that bioenergy used in heat 
for the built environment (both existing residential and non-residential property) offers the greatest 

                                                      
25 It will also be important to consider inviting suppliers of technologies which are complementary to the identified bioenergy technologies, such as 
Suppliers of fuel cells, Suppliers of Sterling engines (which can also burn solid biomass), Micro turbines,  Organic Rankine Cycle (which can also 
burn solid biomass). 
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opportunity to BESRE Park across the short, medium and long term. Anaerobic digestion of wet waste 
and the use of CHP in residential new build and existing property are considered to offer MEDIUM 
opportunity for BESRE Park. 
 
In the second stream, “Enhancing Innovation” the greatest opportunities for BESRE Park lies in the 
built environment supplying both heat and CHP solutions and in anaerobic digestion. The remaining 
fuel-technology combinations are identified as having MEDIUM opportunity. This indicates that there 
would still be benefit in pursuing innovation in these areas. 
 

Table 8  Priorities identified within the twin trac k approach 

 Fuel-technology combination Short term  
(2011 to 2015) 

Medium term  
(2016 to 2020) 

Long term  
(2021 to 2030) 

Biomass electricity Low Low Low 
Biomass CHP Low Low Low 
Biomass heat Low Low Low 
Solid recovered fuel electricity Low Low Low 
Solid recovered fuel CHP Low Low Low 
Biomass co-firing Low Low Low 
Wet waste AD plants Medium Medium Medium 
LFG electricity Low Low Low 
Sewage electricity Low Low Low 
New residential CHP Medium Medium Medium 
Existing residential CHP Medium Medium Medium 
Existing residential heat High High High A
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Existing non-residential heat High High High 
     

Biomass electricity Medium Medium Medium 
Biomass CHP Medium Medium Medium 
Biomass heat Medium Medium Medium 
Solid recovered fuel electricity Medium Medium Medium 
Solid recovered fuel CHP Medium Medium Medium 
Biomass co-firing Medium Medium Medium 
Wet waste AD plants High High High 
LFG electricity Medium Medium Medium 
Sewage electricity Medium Medium Medium 
New residential CHP High High High 
Existing residential CHP High High High 
Existing residential heat High High High E

nh
an

ci
ng

 in
no

va
tio

n 

Existing non-residential heat High High High 
 
 
Further information on these priorities is given below. 

5.3.1 Short term priorities (2011 to 1015) 

Accelerating Deployment 

The short term priorities for the BESRE Park are likely to consist of providing the necessary office, 
show room and demonstration facilities for existing suppliers within the sector to demonstrate their 
existing technology and for specialists such as consultants, independent advisors and certification 
bodies to establish a presence. 
 
Additionally, for the UK to realistically achieve the 2020 targets there will need to be a considerable 
expansion in the number of people with the necessary manufacturing, installation and servicing skills 
and professional qualifications to ensure the market achieves its required objectives.  There is 
therefore, the potential for a suitable skills academy to be established (possibly in conjunction with the 
National Skills Academy) to provide the necessary training required for the emerging market i.e. to 
convert gas boiler installers to install biomass boilers/stoves. 
 
Depending on the type of business which can be attracted to the park there may be a requirement for 
manufacturing capability to be included. 
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Aiding/Enhancing Innovation 

The potential activities likely to be involved in this track will revolve around consultancy on supply and 
sustainability issues, however there will be requirements for R&D facilities particularly for small scale 
equipment for the built environment market, biofuels and algal technologies and testing laboratories 
for air emission, gas and liquid sampling. Technology specific research is likely to be looking at the 
commercialisation and deployment of gasification technologies and the scale up of pyrolysis and other 
technologies to pilot or demonstration plant scale. 
 
The potential short term priorities in both the Accelerating Deployment and Aiding/Enhancing 
Innovation tracks are provided in Table 9, it should be noted that this table is more indicative than 
exhaustive in the types of services that could be offered by the BESRE Park. 
 

Table 9 Short Term Priorities 

 Accelerating deployment Aiding/Enhancing innovation  

Biomass electricity Consultancy – biomass supply and 
sustainability 

Gasification, Pyrolysis or hybrids 

Biomass CHP 

Process improvements – test facilities, 
designers, consultancy etc! 

 

Biomass heat Consultancy – following RHI 
implementation 

 

Consultancy – biomass supply and 
sustainability 

Solid recovered 
fuel electricity 

Emission testing, air quality modelling 
and monitoring advice for LA,  

Solid recovered 
fuel CHP 

Consultancy – fuel supply and contracts 

 

Biomass co-firing Link with a coal/gas fired power station  

Consultancy  

Emission testing on large plant – see above 

Wet waste AD 
plants 

Suppliers of AD plant 

Install an AD plant that serves BESRE park 
need, and fed on selective feedstocks  

Certification of digestate 

Analytical laboratory for gas and liquid 
samples,  

Training,  

LFG electricity C-footprint consultancy,  

Sewage electricity 

Gas engine and turbine manufacturers 
and suppliers 

 

New residential 
CHP 

Consultancy – sizing and supplier 
identification 

Training 

Advice 

Design, testing, demonstration plant & 
installation of small scale units 

Emissions testing (urban environment?) 

Training 

Certification 

Existing residential 
CHP 

Consultancy – sizing and supply 
identification 

Training 

Advice 

Design, testing, demonstration plant & 
installation of small scale units 

Emissions testing (urban environment) 

Training 

Certification 

Existing residential 
heat 

H&S, Training, Standards, Promotion, 
Advice  

Consultancy – sizing and supply 
identification 

Show rooms for boiler manufacturers 
and suppliers 

Emissions testing (urban environment) 

Training 

Certification 
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 Accelerating deployment Aiding/Enhancing innovation  

Existing non-
residential heat 

H&S, Training, Standards, Promotion, 
Advice 

Consultancy – sizing and supply 
identification 

Show rooms for boiler manufacturers 
and suppliers 

Emissions testing (urban environment) 

Training 

Certification 

 
From Table 9 the sections in bold is given to indicate activities that could be actioned soon.  Table 10 
gives a provisional list of some of the leading suppliers of small scale bioenergy plants in the UK. 
 

Table 10:  Some of the leading suppliers of bioener gy schemes, at small scale, in the UK 

Organisation Contact Telephone Email/ Web site 
Econergy Limited Jim Birse 0870 054 5554 heat@econergy.ltd.uk   

www.econergy.ltd.uk  
Wood Energy Ltd Robin Cotton 01398 351349 robin@woodenergyltd.co.uk  
Rural Energy Ltd Richard Harvey 01664 444540 dhh@manorfarmfeeds.co.uk  
Dulas Duncan Kerridge 01654 705000 duncan.kerridge@dulas.org.uk  
Midlands Wood fuel Ewan Bent 01952 510010 ewan@wood-fuel.co.uk  
Highland Wood 
Energy  

Craig Sutherland 01397 773000 craig@higlandwoodenergy.co.uk  

Energy Innovations 
Ltd 

India Bacon 0844 800 6805 india@energyinnovationsuk.com  

Talbots Heating Amy fielding 01785213366 www.talbotts.co.uk  
Treco  0845 130 9012 http://www.treco.co.uk/  
REKA  01603 262 526 http://www.riley-reka.co.uk/  
Viesmann UK  01952 675000 http://www.viessmann.co.uk  
BROAG  0118 9783434 http://www.uk.remeha.com/  
Hoval  01636 672711 http://www.hoval.co.uk/default.htm  
Ashwell Engineering Barry West 0116 260 4050 http://www.ashwellengineering.com/  
 

5.3.2 Medium term priorities (2016 to 2020) 

At this stage in the park’s timeframe, large scale bioenergy processes are likely to be established with 
activities focusing on delivering process improvements and increasing efficiencies. In areas such as 
anaerobic digestion and technologies for the built environment, acceleration of deployment will be 
through training and enhance of certification of equipment and by products, process improvements 
and the development of a high volume manufacturing capability. 
 
For innovation the focus will remain on process improvements, research into size reduction of 
equipment, testing of by products (anaerobic digestion). 
 
Large scale advanced conversion technology will be progressing through demonstration and 
commercialization.  These priorities are identified in Table 11. 
 

Table 11 Medium term priorities 

 Accelerating deployment Aiding/Enhancing innovatio n 

Biomass electricity Reducing Carbon footprint of supply 
chain & process i.e. emissions from 
ships, fertilizer production/processes, 
biochar etc  

Scale up of advanced processes to 
demonstration & commercialization 

Biomass CHP 

Process improvements – test facilities, 
designers, consultancy etc 

Process & distribution efficiencies, 
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 Accelerating deployment Aiding/Enhancing innovatio n 

Biomass heat 

Solid recovered fuel 
electricity 

Solid recovered fuel CHP 

Biomass co-firing 

 designer, test facilities 

Supply chain efficiencies – 
consultancies, designers, planners, 
transport etc. 

Improved fuel handling systems 

Advanced fuels – R & D facilities / lab 
scale equipment 

Wet waste AD plants Training for Regulators / improve 
planning process 

Improve process efficiency – test 
facilities 

By product disposal/treatment – 
improved methods of disposal etc new 
markets for products 

Pilot/ Testing facility for syngas 

Monitoring/ Emissions 

Certification of syngas 

Investigation into size reduction 

LFG electricity - - 

Sewage electricity - - 

New residential CHP 

Existing residential CHP 

Existing residential heat 

Existing non-residential 
heat 

Promotion, Manufacturing & distribution 
of volumes of plant 

Servicing & Certification capability 

Training (installers, certifiers, local 
government etc) 

Process efficiency improvements – 
testing facilities, designers etc. 

Size reduction – testing etc. 

 
The position for both second generation biofuels and the development of algae as a bioenergy 
feedstock are likely to have progressed to test facilities and potentially pilot plant with continued 
laboratory based research and development.  By this stage algae biofuels will be attracting concerted 
research and development interest. This interest is currently developing and is focusing towards 
marine algae (as referenced by the Carbon Trust’s Algae Biofuels Challenge26 and the recently 
announced BioMara27 project based in Oban). The focus in the short term will be to overcome the 
existing R&D challenges. In the medium term it should be beginning to focus on moving the laboratory 
research through to pilot plant production. 

5.3.3 Long Term Priorities (2021-2030) 

In the long term, growth is seen to be in the development of alternative markets for by products from 
anaerobic digestion and the continued development of manufacturing capability and supply chains 
within the built environment sub-sectors. 
 
Outside of these areas research is likely to be continuing in both biofuels (2nd generation) and algal 
biomass which will continue to require R&D facilities, pilot plant and test equipment. At the large scale 
Carbon Capture and Storage will have become increasingly important. 
 
 

                                                      
26 The Carbon Trust http://www.carbontrust.co.uk/technology/directedresearch/algae.htm 
27 http://www.biomara.org/  
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6 Conclusions and Recommendations 
The preceding sections have discussed the current and emerging markets, drivers and fuel-
technology combinations that are present or emerging within the bioenergy market within the UK. The 
principal focus of the discussion has been on the deployment of bioenergy technologies required to 
achieve the national 2020 targets. 
 
As illustrated, there is a variety of ways in which the bioenergy targets could be achieved, and these 
will have a range of environmental and social consequences. Since bioenergy is currently not fully 
competitive, with fossil sources on a simple cost basis, the development of bioenergy will largely 
depend on political decisions. Bioenergy is a complex arena and technologies which become 
favourable will be, to a large extent, influenced by policies and practices implemented by Government 
(both at the national UK and European levels). They will also be influenced by significant research 
breakthroughs.  
 
The selected fuel-technology combinations that have been presented as offering greatest potential 
opportunity for BESRE Park are AEA’s best estimate based on the current market and legislative 
landscape. Should these alter significantly then this assessment will need to be revisited. In particular, 
which feedstocks and technologies become important will depend on the level of support provided 
either through direct measures such as research and development or other intervention or supporting 
mechanisms.  
 
The following section provides the key conclusions from this assessment. 

6.1 Conclusions 

Bioenergy is one of the most promising sources of renewable energy in the UK, the EU and 
worldwide. Not only is there a large array of feedstock resources available, there are also a wide 
variety of routes available to extract the available energy. It is a flexible fuel which can be used directly 
to produce heat and/or electricity through a range of thermal processes, it can also be converted to 
more flexible solid, liquid or gaseous products through a range of thermal and biological conversion 
processes. 
 
The current bioenergy market is significant. In 2004 renewable fuel sources provided 13.1% of the 
world’s total primary energy supply of this 79% was supplied by biomass. In the UK in 2007 
renewables accounted for 5.2 million oil tonne equivalents, 82% of which was supplied by biomass. It 
is expected that the development of renewable energy will continue to increase both nationally and 
internationally as Governments seek to improve their security of energy supply and reduce their 
contribution to climate change. As a result bioenergy is expected to continue to make an increasing 
contribution to the global energy mix.  
 
In particular, bioenergy is projected by the UK Government to make the single biggest contribution to 
achieving the UK’s 15% target of energy derived from renewable sources by 2020. This has resulted 
in the development of policies favourable to bioenergy, such as the banding of the Renewable 
Obligation and the forthcoming introduction of the Renewable Heat Incentive. The UK Government’s 
forthcoming Renewable Energy Strategy (due for publication in June 2009) is also expected to be 
favourable towards bioenergy and will set out the approach to its wider deployment to achieve the 
UK’s targets. Bioenergy is complex both in technical and policy terms but it is poised to deliver 
approximately 49% of the contribution towards the 2020 renewable energy targets. As a result the 
bioenergy market is expected to develop significantly to 2020.   
 
Through the course of this study assessments have been made on how this 2020 bioenergy target 
could be achieved. It was identified that bioenergy’s largest contribution is likely to come in its 
contribution in transport fuels but with a significant contribution in both renewable heat and electricity. 
In the renewable heat and electricity markets it is expected that the key areas of contribution in terms 
of delivered energy will come from large scale biomass electricity only and CHP plants and through 
the supply of heat and power to the built environment.  
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However, when analysing the number of installations required in delivering the anticipated heat and 
power supply in 2020, it is clear that the most significant demand will come from the supply of 
technology providing heat to the existing built environment. The assessment is further complicated by 
the analysis of where the capital investment will be required. The capital expenditure expected to 
deliver the required number of heat only installations is likely to be considerably smaller than that 
required in the supply of CHP to the built environment, large scale biomass plants or anaerobic 
digestion plants. 
 
From the discussion it is clear that there are significant opportunities for the BESRE Park concept to 
influence a range of bioenergy technologies and their development, however from an assessment of 
the possible short, medium and long term trends it is anticipated that the greatest scope for the park 
exists with in the development of anaerobic digestion (and especially in making low cost, low 
maintenance, small and modular plants), advanced thermal technologies (such as gasification and 
pyrolysis), and technologies for the built environment. These opportunities exist throughout the supply 
chain i.e. develop the technology (with the associated professional/technical requirements), volume 
distribution (manufacturing facilities and mass training for installers, manufacturers etc), investigation 
into process improvements and size reduction of equipment. Although opportunities exist within large 
scale generating plant and in biofuel sectors, these are likely to be fewer particularly as the 
technologies are more mature and the number of facilities are fewer. In the biofuels sector production 
capacity exists in the North of England and significant research is being undertaken, particularly in the 
USA, into second generation biofuels. 
 
Research in the bioenergy arena is likely to focus on a number of key areas: 

·  Technological development i.e. improved efficiencies with particular focus on developing 2nd 
generation biofuels, gasification, pyrolysis and small scale CHP technology 

·  Developing appropriate fuels i.e. non food crops, algae etc. 
·  Sustainability and lifecycle analysis i.e. supply chain issues assessing sowing, growing, 

harvesting, transporting, processing, conversion; and 
·  Emission investigation and abatement. 

 
Although it is recognised that bioenergy will make a significant contribution to the UK’s 2020 targets 
the UK will require to meet a significant number of challenges: 

·  Relative costs and commercial maturity of bioenergy technology options in comparison to 
existing options, including fossil fuels and other renewable energy sources; 

·  Development of robust supply chains in both feedstocks and technology; 
·  The existing skills shortage/gap that exists; 
·  Environmental and planning policies and legislation restricting growth through issues such 

as air quality impacts or other sustainability issues; 
 
In addition to the private-sector investment, further deployment would require additional public 
support.  In particular, to reduce the perceived risks to the projects either through long-term 
guarantees of income streams or by reducing the cost of capital through grants or loans with 
favourable conditions.   
 
Measures will also be needed to develop the technical skills necessary to deliver the bioenergy targets 
and to ensure that the policy framework and regulatory regime is appropriate and can facilitate the 
development of bioenergy to, as well as, beyond 2020.   
 
Change will always generate concerns from the public that is often expressed through opposition to 
developments, so efforts will be necessary to raise public awareness of the environmental, social and 
economic benefits of the technology.  It will be important to consider what the Park could offer. 
 
The BESRE Park concept provides an opportunity to assist the UK in meeting its renewable energy 
targets. By focusing the park on delivering solutions in bioenergy that will assist the UK in meeting its 
2020 targets, particularly in areas such as addressing the current skills gap and providing the 
necessary facilities for innovation and business development, it should allow skills and innovation to 
develop that could be exported to meet the needs of the European and other overseas markets and so 
enable the UK and the East of England region in particular, to take advantage of the growing 
international bioenergy market. 
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6.2 Recommendations 

Bioenergy has a positive future and the BESRE Park concept can make an important contribution. The 
UK has a legal obligation to increase the contribution of renewable energy to its overall energy mix 
from the current position of 1.78% to 15% by 2020. All studies have indicated that bioenergy will make 
a significant contribution to this target and the Government has introduced policies which favour 
bioenergy technologies. Not only is bioenergy seen as an area of growth in the UK its popularity is 
expected to continue to increase in Europe and internationally, therefore it is an area which offers 
considerable opportunity for business and investment.  From this technology study a number of 
recommendations can be made: 
 

1. The focus of BESRE Park should be on technology that delivers heat and CHP to the built 
environment (this is likely to be at the small scale) and anaerobic digestion. 

 
2. There is unlikely to be significant opportunities for the park in the production of technology 

for large scale plants, biofuels or in co-firing, although there will be opportunity in the supply 
of support services to these sub-sectors. 

 
3. The BESRE Park should aim to incorporate stakeholders from a broad spectrum of the 

bioenergy supply chain and stages of technology development. It should look to include 
demonstrator plant and facilities to enable R&D to be undertaken as well as office space, 
testing and certification facilities, and scope for industrial activities.  

 
4. A training centre should be included within BESRE Park dedicated to training on bioenergy 

technologies. The required escalation in bioenergy deployment, particularly in small scale 
units suitable for installation in the residential and non-residential built environment, will 
require a significant number of people to undertake activities such as manufacturing, 
servicing and installation as well as design and surveying capability. These are skills which 
are currently in short supply and need to be expanded massively through training. 

 
5. The BESRE Park should incorporate businesses which can operate from day one.  
 
6. As data regarding estimated number of installations etc. has been developed using AEA’s 

best estimate from the existing market and legislative position a detailed sensitivity analysis 
of fuel technology combinations will need to be undertaken to ensure the BESRE Park 
concept is suitably focussed. 

 
 
 
�
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Glossary 
AD Anaerobic Digestion 

Advanced 
Gasification 

Gasification of biomass generating syngas with a gross calorific value 
of at least 4 MJ/m3 when measured at 25°C and 0.1 MPa (mega 
pascals). 

Advanced Pyrolysis Pyrolysis of biomass generating syngas with a gross calorific value of 
at least 4 MJ/m3 when measured at 25°C and 0.1 MPa. 

AEA AEA Technology plc 

Algae  Algae are a large and diverse group of simple organisms that range in 
size from single cells (microalgae) to complexes of multiple cells 
(macroalgae). The largest and most complex marine forms are called 
seaweeds. They are photosynthetic, like plants, and "simple" because 
they lack the many distinct organs found in land plants.  

Algae is attracting attention as an alternative biomass feedstock as it 
can be processed to produce high yields of oil that can be used as a 
feedstock for further refining into transport oil. The potential biomass 
yield of algae is vast compared to conventional agricultural biofuel 
feedstocks and it has few of their negative impacts. 

Anaerobic Digestion This is a biological process that converts solid or liquid biomass in the 
absence of oxygen to a product gas consisting of predominantly 
methane and carbon dioxide, and residual products such as nutrient 
rich liquor and solid digestate material. 

BERR UK Department for Business Enterprise & Regulatory Reform 

BESRE Park BioEnergy Sciences Research and Enterprise Park 

Bioenergy The term Bioenergy covers all solid, liquid or gaseous fuels derived 
from animal or plant material. 

Biofuels This term refers to transport fuels derived from plant or animal 
material. 

Biofuels: 1st 
Generation 

This term (as used for biofuels production) refers to technologies that 
are already available and in commercial operation. These technologies 
use sugar, starch and oil seed crops. First generation technologies are 
either based on chemical conversion of feedstocks to biofuels or 
microbial fermentation to produce ethanol. 

Biofuels: 2nd 
Generation 

This term applies to the production of biofuels from lignin and cellulose 
in woody or fibrous materials. 

Biomass Biomass includes residues from forestry operations, conversion 
products from sawmills (bark, chips and sawdust), agricultural wastes 
with low or negative value (poultry litter, mushroom compost and 
animal manure), straw, energy crops such as short rotation willow 
coppice and perennial grasses 

Built Environment This refers to the urban areas comprising commercial and residential 
premises – it incorporates both existing and new build.  

CHP Combined Heat and Power. This is the production of electricity and 
useful heat in a single process. In CHP plants the heat produced 
during the generation of electricity can be utilised on site, rather than 
being dissipated. 

CO2 Carbon Dioxide 

Co-firing of Biomass This is the combustion of biomass together with other non biomass 
material, usually coal, for the production of power. 



Restricted – Commercial BESRE Park – Technology Study 
AEA/ED46495/001 

AEA 35 

Co-firing of Biomass 
with CHP 

This is the combustion of biomass together with other non biomass 
material, usually coal, for the production of heat and power. 

Co-firing of Energy 
Crops 

This is the combustion of crops such as Miscanthus that have been 
grown specifically for the production of power. 

Co-firing of Energy 
Crops with CHP 

This is the combustion of crops such as Miscanthus that have been 
grown specifically for the production of heat and power. 

Combustion This is the direct firing of biomass for the production of heat and 
power. 

DECC Department of Energy and Climate Change 

Dedicated Biomass This is the production of power in energy production plant whose sole 
source of feedstock is biomass (excluding energy crops).  

Dedicated Biomass 
with CHP 

This is the production of heat and power in energy production plant 
whose sole source of feedstock is biomass (excluding energy crops). 

Dedicated Energy 
Crops 

Dedicated Energy 
Crops with CHP 

Energy crops are defined as a plant crop that is grown for the purpose 
of being used as a fuel for the production of heat and/or power. 
Typically these crops are either Miscanthus, short rotation willow or 
short rotation poplar.  

Electricity generated 
from landfill gas 

The production of electricity from biogas generated from the 
decomposition of biodegradable waste that has been deposited in 
landfills. 

Electricity generated 
from sewage gas 

The production of electricity from biogas generated from the anaerobic 
digestion of sewage. 

Energy from waste 
with CHP 

Production of heat and power from the organic component of 
municipal, commercial or industrial wastes. 

EU European Union 

Gasification The process involves reacting biomass in a gasifier with an air input 
that is sufficient to maintain a high reaction temperature without 
causing complete combustion. The low heating value gas that is 
formed can then be used in engines or turbines to generate power. 

GHG Greenhouse Gas 

GW Giga Watts (as GWe is Giga Watt electric and as GWth is Giga Watt 
thermal)  

Kyoto Protocol The Kyoto Protocol is a protocol to the United Nations Framework 
Convention on Climate Change. It establishes legally binding 
commitments for the reduction of four greenhouse gases (carbon 
dioxide, methane, nitrous oxide, sulphur hexafluoride), and two groups 
of gases (hydrofluorocarbons and perfluorocarbons) on industrialised 
nations and general commitments for all member countries.28 

Landfill Gas The feedstock for this is basically that of mainly municipal origin that is 
biodegradable and has been deposited in landfills. 

MW Mega Watts (as MWe is Mega Watt electric and as MWth is Mega Watt 
thermal)  

MWh Mega Watt hours 

Non Fossil Fuel 
Obligation 

This is the former UK national measure to support renewable 
electricity generation. It was a policy initiated in 1990 and has been 
superseded by the Renewables Obligation, though existing contracts 
remain in force. 

ODT/y Oven Dried Tonnes per year 

                                                      
28 http://en.wikipedia.org/wiki/Kyoto_Protocol 
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Pyrolysis Pyrolysis is the slow, irreversible thermal degradation of biomass in 
the absence of oxygen, or with such a limited supply that gasification 
does not occur. During pyrolysis the biomass is broken down into 
smaller components that exist as gases at the process temperature, as 
these gases cool some of the gaseous component condenses to form 
a liquid bio-oil. Material, which is not vapourised during the pyrolysis 
process, remains as a solid and is converted to charcoal. The relative 
proportion of these products depends on the method and the process 
conditions used, with slow processes producing more gas and solid 
residues. Fast pyrolysis maximises the yield of condensable liquids i.e. 
bio-oil when operated at relatively low temperatures (temperatures 
below ~ 600°C) or combustible gases when operated a t higher 
temperatures (temperatures in excess of ~ 700°C). 

RAB Renewables Advisory Board 

R&D Research and Development 

RE Renewables East 

Renewables 
Obligation 

This is the main support scheme for renewable electricity projects in 
the UK. It places an obligation on UK suppliers of electricity to source 
an increasing proportion of their electricity from renewable sources. 

RES Renewable Energy Strategy 

RHI Renewable Heat Incentive 

RO Renewables Obligation 

ROC Renewables Obligation Certificate 

Sewage Gas This refers to the biogas generated from the anaerobic digestion of 
sludge generated at sewage treatment works. 

Sewage Sludge 
Digestion 

Digestion of sludge generated at sewage treatment works under 
anaerobic conditions. 

Solid Recovered 
Fuels 

Solid fuels that have been derived from commercial, industrial and 
municipal wastes.   

SRC Short Rotation Coppicing 

Standard 
Gasification 

Gasification of biomass generating syngas with a gross calorific value 
of less than 4 MJ/m3 but at least 2 MJ/ m3 when measured at 25°C and 
0.1 MPa. 

Standard Pyrolysis Pyrolysis of biomass generating syngas with a gross calorific value of 
less than 4 MJ/m3 but at least 2 MJ/ m3 when measured at 25°C and 
0.1 MPa. 

Syngas Synthesis Gas. A gas mixture containing carbon monoxide and 
hydrogen. It is combustible and can be used as a fuel source or as an 
intermediate for the production of chemicals. 

TWh Tera Watt hours 

UK United Kingdom 

USA United States of America 
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