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EXECUTIVE SUMMARY

This report examines the current status of bioenergy research in the UK, identifies 
important gaps in research activities and makes recommendations for exploitation of 
current capabilities and future development. 

There are increasing demands by research stakeholders, governmental bodies and industries 
for evidence about the status of bioenergy research in the UK in anticipation of sector 
decarbonisation and bioenergy implementation. Mapping is a representation of an 
organisation’s capabilities and resources. It establishes a starting point for discussion in 
existing areas of knowledge to make the best use of resources. Thereby, one of the goals of 
this work is to identify research opportunities and encourage integration of the capabilities 
of different research stakeholders in bioenergy to strategically combine expertise and 
facilities in the UK. This assessment provides the following outcomes: 

1) A broad perspective of bioenergy R&D in the UK; 
2) How UK research stakeholders activities fit into bioenergy R&D, identifying the overall 

research stage in the UK; 
3) A detailed network map identifying the research profile of research stakeholders in the 

field that will bring individual benefits by sharing their research profile nationally and 
internationally. 

During the mapping planning, the first step involved a scoping note, which defined the 
bioenergy framework. Bioenergy research was defined as any activity within the whole 
bioenergy system.  A questionnaire was developed based on that structure and was tested by 
a panel of experts. The questionnaire was made available to all research stakeholders 
(research centre or research group in academic institutions in the UK) involved in any area of 
bioenergy. It was advertised from January to April 2017 through different social media and 
conferences. The final body of 71 cases was analysed to generate stakeholders’ profiles and 
map their experiences, resources and research collaborations. Those profiles were combined 
to build a map of the bioenergy research activities in the UK. 

The map of research activities reveals that the most common activities explore the whole 
bioenergy chain rather than one specific subject. Furthermore, the most common conversion 
processes were identified to be pyrolysis (39% of stakeholders), gasification (37% of 
stakeholders) and combustion (30% of stakeholders), characterised as thermal processes. 
Meanwhile others, such as anaerobic digestion (35% of stakeholders), hydrolysis (34% of 
stakeholders) and fermentation (32% of stakeholders), are the main activities in biochemical 
processes. Catalysis is also considered to be an outstanding upgrading process (31% of 
stakeholders). From the map, it was found that pre-treatment (37% of stakeholders) and 
physical processing (34% of stakeholders) do not seem to be very significant despite the 
potential importance of pre-processing to improve the conversion process. The lack of 
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contribution of research in ‘products from biomass’ should also be tackled, namely 1) product 
testing and evaluation (20% of stakeholders), 2) end products versatility (18% of 
stakeholders), and 3) product transport infrastructure (4% of stakeholders). This research 
topic, ‘products from biomass’, could be enhanced by improving research on product 
upgrading, evaluating products in real life applications, assessing their suitability, improving 
standardisation; and combining it with process modelling.  This should take advantage of the 
highest number of stakeholders involved (44%). Commercialisation opportunities (18% of 
stakeholders) and market analysis (11% of stakeholders) are both concerned with the 
introduction of products to the market, and are fields that should be considered in the near 
term (1-3 years).  

In addition, researcher stakeholders should increase their relationship with industry as a 
medium-term goal (5-10 years) and focus bioenergy research not only on environmental 
demand and research interests, but also on companies’ interests and market demands. Those 
practices will help to recognise new research areas to adapt the current technologies to new 
scales and fulfil also the industry needs. It will help to boost the introduction of bioenergy 
into the market to develop a vibrant bio-economy in the mid and long-term (5-20 years).  

The Government can boost bioenergy development by offering more or larger financial grants 
to one or multiple company-research projects where multi-skill research profiles are needed. 
Furthermore, a rise in regionally-funded projects would help improve bioenergy research in 
some specific local areas where bioenergy has the potential to be expanded. The Government 
can be supported by the current bioenergy network and research platforms, taking advantage 
of the existing maturity levels of stakeholders’ collaboration. 

To conclude, this assessment will be valuable for knowledge transfer and communication 
between research stakeholders, and their communication with governmental bodies and 
industries. It has established a common classification of bioenergy R&D in the UK, reviewed 
state-of-the-art of bioenergy research and provided a large number of profiles of research 
stakeholders in bioenergy in the UK. 
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1 INTRODUCTION

The impact of climate change has had significant effects on world energy systems, which now 
look for sector decarbonisation to safeguard future generations. Currently, bioenergy is the 
largest contributor to global renewable energy supply, but it still needs to meet the 
requirement of tripling its contribution by 2050 as well as ensuring sustainable provision [1]. 
The UK government approach to mitigating climate change intends to promote various 
technologies such as renewable energy, nuclear energy and carbon capture and storage 
within their energy sectors, specifically for electricity, heat and transport [2]. Those 
technologies should still increase their total primary energy supply participation to fulfil 
environmental targets like a 50% CO2 reduction by 2027 (since 1990). Low carbon 
technologies are promoted through the Research Council’s UK Energy Programme, whose 
objective is to bridge the gap between basic and applied research and commercialisation. The 
SUPERGEN Bioenergy Hub is working within this programme. It was launched in June 2012 for 
a five-year term. The hub studies bioenergy as an overall system, focusing on the benefits that 
new technologies can bring within the context of the whole production and utilisation chain. 
It is oriented towards cooperation with industrial partners and other bodies, including 
government agencies [3].  

There is a need to understand the advantages and disadvantages of bioenergy. Biomass is a 
renewable source with a largely carbon neutral footprint when using it as feedstock in energy 
processes. It is the only source of renewable fixed carbon in the world. There are different 
types of biomass such as: woody biomass (e.g. trees, shrubs and bushes, etc.), non-woody 
biomass (e.g. energy crops, cereal straw, algae, grass, etc.), wastes (e.g. municipal waste, 
cereal husks, cobs, bagasse, wastes from fruits, nuts, oil cake, sawmill residues, etc.), and also 
‘processed biofuels’ or by-products from biomass sources (e.g. charcoal, briquette, densified 
biomass, bioethanol, plant oils, producer gas, biogas, etc.) that can be used as feedstock for 
a new process [4]. Utilisation of these biomass resources involves overcoming complex 
uncertainties about managing those resources, including consideration of lifecycle emissions, 
effects on water and land management, as well as overcoming their potential negative effects 
on biodiversity. Therefore, the bioenergy chain not only includes processes related to biomass 
transformation, but also entails finding a good balance between the environment, the 
economy and society. 
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1.1 ENERGY AND BIOENERGY POLICY IN THE UK

Figure 1 shows the timeline of major policy events related to energy, renewable energy and 
bioenergy in the UK during the last ten years. After the European Union Directive 2009/28/EC 
on the promotion of the use of energy from renewable sources, the UK government 
committed to producing 15% of the country’s energy from renewable sources by 2020. 

Figure 1. Timeline of main policy events related to bioenergy in the UK [5-10]

The Department of Energy & Climate Change (DECC), now within the Department for 
Business, Energy & Industrial Strategy (BEIS), deals with energy supply as per their six national 
policy statements in order to derive a planning system that is fast, predictable and 
accountable, and gives priority to renewable energy [6]. The BEIS works together with the 
Department for Environment Food and Rural Affairs (Defra) to develop the climate change 
programme through five carbon budgets. The carbon budgets are binding limits on the 
amount of emissions that can be produced in successive five-year periods from 2008 [5]. The 
first three carbon budgets were made law in May 2009 and require emissions to be reduced 
by at least 37% below 1990 levels by 2020 (2.544 MtCO2e). The fourth carbon budget was 
made law in June 2011 and aims at reducing levels by 50% by 2025 (1.950 MtCO2e). The fifth 
carbon budget was launched in June 2016, with the agreement of the Committee on Climate 
Change setting the fifth budgetary period from 2028 to 2032 at 57% by 2030 (1,725 MtCO2e) 
[7]. 

The BEIS and Defra in conjunction with the Department for Transport (DfT) worked on the UK 
Bioenergy Strategy published in May 2012, which provides a holistic overview of biomass uses 
to set bioenergy policy and inform policy decisions on electricity, heat and transport [8]. The 
Renewable Transport Fuel Obligation Order was launched in November 2012 and regulates 
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biofuels used for transport and non-road mobile machinery, promoting the use of biofuels 
and the replacement of conventional fuels [11]. 

The BEIS also supports the Domestic Renewable Heat Incentive (RHI), set up to encourage 
uptake of renewable heat technologies amongst householders, communities and businesses 
through financial incentives. It was launched on 9th April 2014. It includes the use of biomass 
boilers, solar water heating and certain heat pumps [12]. 

The BEIS is currently working on developing a national bio-economy strategy, which considers 
the economic activity derived from bio-based products and processes. Key questions from the 
“Call for evidence” focus on how to make the most of the UK resources; how to provide the 
necessary skills and training; and how to translate innovation into commercialisation, sector 
decarbonisation, sustainability and food security [9]. 

The BEIS is also working on a new Green paper and launched a consultation on 23rd January 
2017, with the objective of promoting a new industrial strategy that addresses long-term 
challenges facing the UK economy in a sustainable way [10]. 

Finally, waste disposal remains a significant problem for government. Landfill tax, introduced 
in 1996, applies to the deposit of material as waste to a landfill site. Currently, it is charged as 
a gate fee and has a standard price of £84.40 per tonne [13]. Energy from waste can be the 
most promising alternative and a key driver to reduce the volume of residues by managing 
biomass residues, avoiding their landfill, and producing energy from a potential valuable 
resource. 
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1.2 UK GREENHOUSE GAS EMISSIONS

Figure 2 shows greenhouse gas emissions (CO2e) in the UK from 1990 to 2015. The energy 
policy initiatives mentioned above, together with other sustainable policy measures, resulted 
in a decrease in net CO2 emissions by 32.2% during this time period. Last year, the UK net CO2

emissions for 2015 were estimated to be around 404 Mt, which was about 4.1% lower than 
in 2014 [14]. 

Figure 2. UK greenhouse gas emissions: national statistics. Adapted from [14]

One of the main producers of greenhouse gas emissions is the energy sector, where 
renewable sources accounted for 8.3% of the final energy consumption in the UK in 2015 [15]. 
Figure 3 shows the role played by these renewable energies and the structural breakdown of 
bioenergy. The largest contribution to renewables came from bioenergy (approximately 71%
of total renewable energy in the UK), which is considered a carbon-neutral alternative to 
conventional fuels with wind and solar photovoltaic generation contributing the majority of 
the remainder (20.8% and 4.20% respectively), followed by hydro and shoreline wave tidal 
(3.2%) and heat pumps and deep geothermal (1%). From bioenergy, it has been identified 
that plant biomass, including energy crops and straw, make up a quarter of the total feedstock 
used in bioenergy (25.3%), followed by domestic wood (11.4%), landfill gas (9.7%), waste 
combustion (6.2%) and transport biofuels as the main sources. Minor amounts came from 
sources such as industrial wood (4.7%), anaerobic digestion (3.4%), sewage gas (2.2%), animal 
combustion (including farm waste, poultry litter and meat and bone combustion, 1.6%) and 
co-firing in power stations (0.2%).  
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Figure 3. Renewable energy fuel use in the UK in 2015 [13] 

The increasing use of renewable energy ensures a gradual transition to a diversified economy 
in which biomass will become a significant feedstock for energy and other sustainable 
markets [16]. Research stakeholders can support this transition by analysing and testing 
biomass sources and technologies to adapt it to market needs. In contrast to other renewable 
sources, which provide heat and power, biomass is the only source that can be transformed 
into liquid, solid, and gaseous fuels [16] by applying suitable conversion technologies to 
different products, which can then be launched onto the bio-market. Biomass is the only 
source of renewable fixed carbon in the world, which makes it relevant to energy systems 
that already base the application of their resources on carbon use. 
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1.3 BIOENERGY RESOURCES AVAILABILITY IN THE UK

The UK and Global Bioenergy Resource Model, which was updated and published in March 
2017, estimates the potential bioenergy resources (PJ) available in the UK [17] and has been 
used as a reference for biomass availability, as shown in Figure 4. 

Figure 4. Projected biomass and waste availability: all UK feedstocks [17]

As can be seen, agricultural residues and waste wood are projected to be the most significant 
resources in the UK, followed by the renewable fraction of waste. According to the model, 
energy crops will be available from 2025 and beyond, and will probably be a key element in
the bio-economy of the UK in 2050. Forestry residues and short rotation forestry are not 
estimated to have a great impact on feedstock availability in the UK, but they will be 
increasingly used, albeit in small proportions. The model includes the contribution of landfill 
gas, and biogas, biodiesel and bioethanol from several sources as projected feedstock. 

These estimates will be relevant to reveal the context of bioenergy research in the future, as 
well as serving as a basis for future bioenergy research.
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2 METHODOLOGY

2.1 BREAKDOWN STRUCTURE OF BIOENERGY WHOLE SYSTEM

Bioenergy research and development can be defined as a combination of activities that
correspond to the 7 research topics described below. The value of this report derives from 
the fact that all bioenergy activities are considered as part of an overall system where 
individual components interact with one another.

TOPIC 1. Bioenergy and the environment

Bioenergy is renewable energy from biomass or waste used for producing heat, electricity, 
fuel and chemicals [18] at both local and global levels. Given that bioenergy is largely a human 
activity, bioenergy research stakeholders should integrate environmental considerations into 
projects in order to provide sustainable services.

TOPIC 2. Biomass and waste

The proper selection, handling and logistical management of feedstock leads to improved
performance in bioenergy, since some feedstock can be selected and optimized for best yield 
performance in different regions of the UK [19] and according to the demands of specific 
processes in the near future. Bioenergy research stakeholders can go further by investigating 
crops, forest production management, algae, metabolites cultivation, anthropogenically 
modified materials, utilisation of by-products and/or residues collection.

TOPIC 3. Biomass pre-processing technologies

Biomass pre-processing technologies often enhance the performance of conversion 
processes. They provide a critical step towards improving the viability of the technical 
processes as well as improving the economic aspects of biomass processing.

TOPIC 4. Primary conversion engineering

Biomass conversion processes are developed through design, testing, optimization, and 
intensification. Bioenergy research stakeholders’ efforts include chemical and biochemical, 
thermal processes, biological processes, and their combination. Related processes include
primary product processing and upgrading.

TOPIC 5. Energy vectors: products from biomass

Biomass based products are products from conversion processes and associated upgrading 
processes. Products need to be analysed, tested, evaluated and optimised by bioenergy 
research stakeholders for the generation of power, fuels or bio-products. In relation to this, 
stakeholders need to assess their transportation within the whole supply chain.

15



PL!F PL!F PL!F 

TOPIC 6. System modelling and analysis

System modelling and analysis support decision-makers in techno-economic assessment
improvement and implementation. This allows for better identification of process behaviour, 
energy demand, techno-economics and environmental impacts. 

TOPIC 7. Technology demonstration & integration

Technology demonstration and integration addresses process suitability and estimates the 
time and cost that commercialisation will require. 

2.2 EXECUTION OF THE MAPPING EXERCISE

Figure 5 presents a logic diagram of the mapping process. The objectives that defined the 
mapping exercise were founded on: 

1) Promoting research collaboration by overcoming infrastructure barriers for research 
stakeholders’ communication, and corporate cultures that restrict knowledge flow 
between research stakeholders; 

2) Identification of research gaps in UK bioenergy research,  
3) Identification of new research opportunities from these gaps to improve the dynamic 

of bioenergy research. 

For the purposes of mapping the UK’s bioenergy capabilities, both explicit and implicit 
information was considered. The current context of society, technology, economy and policy 
are elements that also required consideration in this study to understand the process. Explicit 
information was obtained from insights into previous experiences in SUPERGEN Bioenergy 
and a careful analysis of the profiles registered as SUPERGEN Bioenergy members as well as 
from university websites, specific academics and researchers’ profiles, and other bibliography 
searches, formed the foundation for the exercise. Implicit information was obtained from a 
questionnaire that was strategically designed according to the explicit information. It was 
done by defining bioenergy research within the whole system; and with the purpose that the 
structure fits the work of any research group involved in any activity of the bioenergy chain. 
The final body of 71 cases was analysed, integrating their information as a whole to gain a 
holistic insight into the map of research activities in bioenergy (overall view & map of 
capabilities), identifying research gaps and opportunities for the future. The research profile 
of each participants is summarised in appendix 7.4. 

The number of participants in this study has been estimated to represent between 46% and 
67% of the total number of research stakeholders recognised in the network map of 
bioenergy. More details of this are provided in section 3.8. 
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Figure 5. Logic diagram: Development of the mapping exercise 

2.3 TIMEFRAME OF THE MAPPING EXERCISE

Figure 6 shows the timeline of the mapping exercise from August 2016, which has been 
divided into four stages: concept phase, refinement phase, execution phase and data 
processing phase.  

The first stage, or concept phase, was to define the project’s objectives and topics, which 
were related to previous SUPERGEN research. Common areas of bioenergy were defined 
within the overall system and discussed thoroughly to achieve a structure that fitted the 
work of every research group engaged in the activities of the bioenergy chain. 

The second stage, or refinement phase, was to issue a questionnaire, which was based on 
the structure previously defined and tested by a panel of experts. A contact list was also 
prepared including most of the organisations that carry out research activities in 
bioenergy in the UK. The first public dissemination activity was agreed for the SUPERGEN 
General Assembly meeting in November 2016. 
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The aims of the third stage, or execution phase, were to contact stakeholders, request
participation and upload information to the website (http://www.supergen-
bioenergy.net/news/mapping-uk-bioenergy.htm) and other social media (such as
ResearchGate, Linkedin, or Twitter) for public dissemination. The questionnaire was 
accessible to any organisation (research centres or research groups in academic 
institutions named in this study as research stakeholders) involved in any area of 
bioenergy in the UK. It was advertised for 4 months from January to April 2017 through 
different social media networks and conferences. Preliminary results were presented at
the Bioenergy International Conference in Manchester (2017) and at the 2nd 
Lignocellulosic Bio-refinery Network International Conference in Cheshire (2017).

The fourth stage, or data processing, included information homogenisation, database
completion and the performance of this report. The final body of 71 research stakeholders
were based on the response of one representative per research group or organisation that 
defined the research activities and facilities in their research group /organisation. Those 
profiles formed the basis of a map of the bioenergy research activities in the UK. 

Figure 6. Timeframe of the bioenergy mapping exercise  
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3 RESULTS

3.1 REGIONAL LOCATION OF BIOENERGY RESEARCH STAKEHOLDERS

Figure 7 shows the regional locations of research stakeholders that participated in the 
mapping exercise. The largest contribution of 20% of the total number were located in 
Yorkshire & Humberside due to high levels of bioenergy research activities at the University 
of Leeds, the University of Sheffield and the University of York. This was followed by Scotland 
(13%), where there is a large number of research centres in a variety of institutions (University 
of Aberdeen, Centre for Ecology and Hydrology, University of Edinburgh, University of 
Strathclyde, Edinburgh Napier University, Heriot-Watt University; Robert Gordon University; 
University of the Highlands and Islands; and University of Glasgow). The South East supports 
10% of the participants (University of Surrey, Open University, Forest Research, and University 
of Southampton); and London (8%), where bioenergy activity is shared between Imperial 
College London and University College London. The percentage of stakeholders in the 
remaining regions varies from 7 to 6%, while only 3% of research stakeholders were identified 
in Northern Ireland. 

Figure 7. Regional map of the location of bioenergy research stakeholders in the UK 

19



3.2 KNOWLEDGE CLASSIFICATION: SCIENTIFIC DISCIPLINES IN BIOENERGY

The development of bioenergy requires multidisciplinary competences, such as chemistry and 
biology, process development, agricultural sciences, etc. Figure 8 shows a list of 7 main 
scientific disciplines that are related to the research competences of stakeholders in 
bioenergy and are plotted along its individual axis. Appendix 0 details how they have been 
classified.  

Figure 8. Scientific disciplines by number and percentage of bioenergy stakeholders 

As can be seen from the radar diagram (Figure 8), the scientific disciplines contributing to 
research in bioenergy are concerned mostly with the technical and engineering fields of 
bioenergy, with biosciences fields as complementary disciplines. The number and percentage 
of participants involved in most of the technical and engineering fields include ‘Engineering 
Sciences and Energy Technology’ amounting to 63% of stakeholders; followed by 36% of 
stakeholders working in the research fields of ‘Chemistry & Physics’; and ‘Agronomy & 
resources’ accounting for 36% stakeholders. The number and percentage of participants 
involved in biosciences includes those working in biochemistry and biophysics and biological 
science, which are included in the total activity of 25%. ‘Mathematics & Computer Sciences’ 
has a minor contribution to bioenergy, representing just 10% of the total. 
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3.3 TAXONOMY MAP OF BIOENERGY RESEARCH ACTIVITIES

Figure 9 contains the 7 topics of the map of research activities in bioenergy discussed in 
section 2.1. It contains a list of their corresponding subtopics under each topic and their 
definitions on the right-hand side. 

% 
Figure 9. Summary of topics in bioenergy research 
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These topics interact with one another in a highly complex manner among research
stakeholders. Thus, each stakeholder has a specific research profile as summarised in
Appendix 7.4. The integration and combination of these activities between research 
stakeholders are essential for successful research collaboration. 

Figure 10 summarises the current distribution of research topics within bioenergy in the UK. 
The distribution is based on the arrangement of subtopics for the mapping exercise and the 
number of times they have been nominated by stakeholders based on their research 
activities.

Figure 10. Research topic distribution of bioenergy activities in the UK

As illustrated in Figure 10, the largest research topic is ‘Primary conversion engineering’,
representing 23% of all bioenergy activities. This agrees with the highest proportion of f
‘Engineering Sciences’ and ‘Energy & Technology’ scientific disciplines shown in Figure 8. It
encompasses thermal and biological conversion as well as upgrading and other relevant 
technical processes. On the contrary, ‘Biomass pre-processing technologies’ and ‘Energy
vectors, products from biomass’ account for the lowest number of research activities, 
totalling 8% and 7% respectively. Figure 11 provides more details and emphasises the
complexity of the range of subtopics.
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environmente
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2. Biomass and waste22
16%

3. Biomass pre-
processing technologiesp

7%

y4. Primary conversion
engineering

23%

5. Energy vectors:
products from biomassss

8%

6. System modellingg
and analysis

19%

7. Technology demonstration & 
integrationg

13%

22



Fi
gu

re
 1

1.
 T

ax
on

om
y 

m
ap

 o
f b

io
en

er
gy

 re
se

ar
ch

 a
ct

iv
iti

es
 g

ro
up

ed
 b

y 
th

e 
co

lo
ur

 c
od

e 
of

 to
pi

cs

23



 

 
 

Figure 11 shows a taxonomy map of the subtopics that comprise the seven main topics and 
follows the topic colour code. It summarises the trend of research subtopics through a 
hierarchical distribution based on a set of nested rectangles. The area inside each rectangle 
is proportional to the quantitative percentage of stakeholders involved in each activity. Each 
subtopic can range from 0 (0%) to 71 (100%) research stakeholder participation. Thus, this 
diagram is indicative of the most common research activities and the research gaps in 
bioenergy in the UK.  

To start with biomass types on the top left hand side of the map of bioenergy research 
activities, ‘Biomass residues and waste’ are being investigated by just over half of the 71 
stakeholders. These represent the main types of biomass being researched in bioenergy, 
corresponding to Topic 2 ‘Biomass and waste’ (red rectangles). Moving on to the other red 
rectangles in Figure 11, the use of ‘biomass residues and waste’ (51%) is followed by ‘MSW 
and commercial waste (38%), ‘algae’ (34%), ‘energy crops’ (34%) and finally ‘forestry’ (15%). 
This trend is in agreement with the regional R&D priorities of the bio-economy identified in 
EU regions [20], where it is detailed that in all parts of the UK except Wales, the main 
feedstocks being investigated are crop residues, agricultural by-products and organic waste. 
According to the regional R&D priorities of bio-economy [20], in Wales, as well as Scotland 
and Northern Ireland, the focus is on agriculture; Scotland and Cornwall also prioritise algae 
biomass. Interestingly, the forest-based bio-economy has not been set as a R&D priority for 
the period of 2014-2020 [20]. 

As mentioned in section 1.3, The UK and Global Bioenergy Resource Model [17] shows that 
agricultural residues and waste wood are the most readily available resources in the UK 
followed by the renewable fraction of wastes. These trends are in line with the current 
bioenergy research activities shown in Figure 11. Note that algae biomass was not included 
in The UK and Global Bioenergy Resource Model [17] and therefore cannot be compared with 
the research trend (Figure 11). Energy crops will be largely available from 2025 according to 
the model [17] (Figure 4) and are currently a high-intermediate focus of activity in research 
(Figure 11). Conversely, forestry residues are not estimated to have a great impact on 
availability of biomass in the UK (Figure 4), in line with the current interests of research 
stakeholders (Figure 11).  

In relation to the potential of energy crops in the future, Hastings et al. (2014) [19] developed 
a crop model with potential biomass resources located in the UK, which suggests that in 
current and future climates, lignocellulosic biomass plantation species can be selected and 
optimised to improve performance in different regions of the UK.  

The second relevant subtopic in the map of bioenergy research activities (Figure 11) is 
‘Biomass characterisation and analysis’, used by nearly half of the stakeholders (48%) that still 
correspond to Topic 2, ‘Biomass and waste’. This result confirms the need to understand 

24



 

 
 

specific biomass characteristics before using them in any process, due to the complexity of 
biomass composition [18]. 

Impacts on air, soil and water (45%) and sustainability (42%) from Topic 1 ‘Bioenergy and the 
environment’ (green colour) are some of the concerns identified by research stakeholders 
when laying the basis for bioenergy implementation. Process modelling (44%), and energy 
balance (44%) from topic 6 ‘System modelling and analysis’ (blue colour) are also crucial in 
order to improve the technological aspects of the conversional processes, particularly for 
analysing and improving the process’ efficiency. Life cycle assessment (43%) and techno-
economic assessment (42%) also from Topic 6 are related to implementing technology in the 
market place.  

Scale up (42%), process optimisation (42%) and process integration (38%) from Topic 7 
‘technology implementation and integration’ (purple colour) point towards the need for 
testing and optimising the technical aspects of the processes, to integrate them in the whole 
system, and implement those processes in the near future.  

Characterisation and analysis of products (42%) from Topic 5 ‘Energy vectors: products from 
biomass’ (yellow colour) reflects the importance of getting to know the characteristics of the 
new products and their potential suitability in energy processes or other uses.  

These top ten subtopics on the left hand side of the map of bioenergy research activities 
(Figure 11), which occupied the largest areas and percentages (51-42%), show the most 
common research activities shared by researchers in the UK. They are not merely related to 
one aspect of bioenergy processes. Instead, this shows that UK researchers are exploring the 
whole bioenergy chain, starting with the selection and characterisation of the feedstock, 
mainly biomass wastes, then the impact on the environment, process behaviour, efficiency 
and optimisation, ending with technology implementation evaluation and product 
characterisation. In general, it can be considered that this outcome points towards a maturity 
level as per the Technology Readiness Levels (TRLs) 3-7. TRLs 3-5 are defined as follows [21]: 
Research with a more direct commercial application, driven both by scientific enquiry 
(thereby benefiting the public at large to some extent) and commercial opportunity (with 
research areas driven by expertise in spotting market opportunities), is seen as an opportunity 
to build and develop links between industry and academia whilst increasing the chances of 
success by incorporating ideas from the academic community. In addition, TRLs 6-7, are 
defined as [21]: large scale pre-commercial demonstration of technologies, and are designed 
to test and improve longer term operational reliability, develop and improve full scale designs, 
establish and reduce operating costs and make the technology become a potential 
commercial investment; for that, work is undertaken by the private sector, typically with 
some degree of academic involvement [21]. 
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In the middle of the map of bioenergy research activities (Figure 11), Topic 4 ‘Primary 
conversion engineering’ (orange colour) ranges from 39% to 4% of stakeholders. This explains 
that the biggest percentage of Topic 4 in Figure 10 is based on the highest number of activities 
in this topic and the intermediate contribution of the stakeholders involved. Pyrolysis (39%), 
gasification (37%) and combustion (30%) are the main activities in bioenergy research 
characterised as thermal processes; while anaerobic digestion (35%), hydrolysis (34%) and 
fermentation (32%) are the main ones in biochemical processes. Catalysis is also considered 
to be an outstanding upgrading process (31%). Other relevant processes on Topic 4 are 
processes related to enzymes and microorganisms (28%), hydrothermal conversion (27%) and 
torrefaction (20%). Despite biomass and waste pre-treatment (37%) and physical processing 
(34%) from Topic 3 ‘biomass pre-processing technologies’ (brown colour) are over 30% of 
research stakeholders participation, it seems to be a lack of contribution in these subtopics. 
Pre-processing technologies can be critical to make the conversion process suitable, especially 
if the biomass comes from waste and is in pilot and larger scales. This research topic is also 
relevant given the amount of feedstock available, their different physico-chemical 
composition and the variety of conversion processes that may need specific physical or 
chemical characteristics in the feedstock. Although Topic 3 ‘biomass pre-processing 
technologies’ seem to be less complex than conversional processes, they have significant 
relevance for each feedstock and conversion process. 

Moving from the middle of the map of bioenergy research activities to the right, 
corresponding to Topic 1 ‘Bioenergy and the environment’ (green colour), influencing public 
dissemination (35%), bioenergy regulatory framework (34%) and impacts on economy and 
society (34%) are activities under investigation by more than a third of stakeholders, 
underlying the compromises between their research network, society, policy and the 
economy. 

Whole system assessment (28%), environmental analysis (28%) and value chain analysis (24%) 
within Topic 6 are related to the integration of the whole system, including the assessment 
of the mass and energy balances for the whole system and their environmental benefits when 
the whole process is assessed together. It seem that these subtopics are gaining strength, as 
they are still below 30% of stakeholder’s participation, but this map of bioenergy research 
activities is already reflected within the top ten subtopics.  

Synthesis upgrading and refining (27%), product testing and evaluation (20%), end products 
versatility (18%), and product transport infrastructure (4%) are related to Topic 5 ‘Energy 
vectors products from biomass’ (yellow colour). The first subtopic (synthesis, upgrading and 
refining) is linked to the need for converting intermediate products into final products to 
maximise the benefits. These have the potential to be cost effective, because most products 
need to be subjected to further processing.  Note that despite the great variety of bio-
products from bio-processes and the variability of feedstocks that may change the final 
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characteristics of products, these subtopics do not include more than 30% of participants, and 
no more than 20% of stakeholders carry out research in testing bio-products, assessing 
versatility of bio-products (e.g. defining blends of biofuels/bio-products with conventional 
products) and their standardisation. The lack of activities in Topic 5 ‘Energy vectors products 
from biomass’ research should be tackled to derive bio-products that will be cost effective in 
the future. ¨Products from biomass¨ research can be supported by combining them with 
process modelling (e.g. behaviour in engine of blends), that has major numbers of participants 
(44%), and this synergy can be a good incentive to encourage research stakeholders’ 
collaboration. 

On the bottom right side of the map of bioenergy research activities (from 21% to 0%), there 
is increased diversification of activities from the 7 topics. Handling and logistics of biomass 
(21%) is related to biomass management and risks whilst carbon capture and storage (21%) 
is an advanced use of biomass for obtaining negative carbon emissions. These are specific 
areas of research that are expected to continue to be a subject of interest in the future. 

Commercialisation opportunities (18%) and market analysis (11%), are both concerned with 
the introduction of products into the market, and are also fields that should be promoted in 
bioenergy research in the near future (1-5 years). They will show how the most mature 
technologies and bio-products can be implemented. Market analysis may be confused with 
techno-economic assessment, but rather than focusing on products (supply side), they are 
based on the needs of processes or products in the market (demand side). They are relevant 
to promote good market reception of bio-products, since they will cover an existing or new 
need. These activities will also support improvement in communication between industrial 
needs and prospective research, by identifying the industry sector that would be able to get 
benefits from specific biomasses or processes. This task is complex because when biomass 
comes from waste there is a prioritisation of biomass management, and the process is 
feedstock oriented rather than product oriented. Research stakeholders must improve the 
current view, assess it and implement both directions to deal with feedstock as well as 
product orientation. 

Spatial modelling and crop modelling are related to specific subjects and require the 
development of specific research profiles. In the long term, if the bioenergy economy is based 
on energy crops, as Figure 4 predicts for 2050, those subjects will have a greater impact. 
Supercritical/subcritical conversion (13%) is still a small subject in bioenergy research in the 
UK. Upgrading through plasma (14%) and particulate removal (8%) are still secondary 
upgrading processes that are expected to increase the benefits they can offer to thermal 
technologies. 

The term ‘other activities’ in each topic has been added to recognise any relevant subtopic 
missing from the current map. They are not discussed in this section because they have not 
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been shared by all participants. Nonetheless, it would be useful to include them in future 
studies. They can be found on appendix 0.

3.4 OVERALL VIEW OF PARTICIPATION IN BIOENERGY

Figure 12 shows the responses of 75% of the respondents describing the influence of different 
bodies on bioenergy from 0 (none) to 1 (full). 

Figure 12. Influence of different bodies on bioenergy 

According to participants, the stakeholders with the highest influence on bioenergy 
development is the Government, followed by Universities/Research institutions. The
Government is supporting bioenergy through policies and funding opportunities. 
Universities/Research institutions assess environmental, social, technological and economic 
constraints of bioenergy technologies. Power companies seem to be the industrial partner 
with the highest influence on bioenergy development, probably due to their immediate use
of thermal and electricity generation and the positive environmental benefits in terms of CO2

emissions. The media is also considered an intermediate contributor to the development of 
bioenergy due to its role in promoting bioenergy to the wider public. Agro-industrial
companies, large energy consumers, and oil companies are considered to range from medium 
to almost intermediate levels. Transportation companies and small energy consumers are 
considered to have the lowest influence. 
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The findings suggest that bioenergy is not encouraged by demand yet, but it is promoted by
government support and research institutions. This reflects the interest in enhancing more
sustainable energy systems for the near future, as well as looking into new bio-economy and
new bio-markets. 

3.5 SOURCE OF FINANCIAL SUPPORT IN BIOENERGY IN THE UK

Figure 13 shows the source of funding that was reported by respondents in their research
projects. 

Figure 13. Financial support reported by stakeholders 

It can be seen that 63 stakeholders (88% of the total) are working within national funded 
projects and only 17 stakeholders (24%) are working within regional funded projects. 
European Commission funded projects are also reported by 42 stakeholders (58%) and 
overseas projects (other than from the European Commission) are reported by 17
stakeholders (24%). As can be seen, European Commission projects are significant in
bioenergy in the UK, providing the second most significant financial support. Company funded
projects have been reported by 38 stakeholders (54%), showing that the relationship between 
industry and universities in this field is significant. Research group’s efforts also include 21
stakeholders (31%) with self-funded projects, which reflects several areas that are either in 
preliminary stages or have not been able to source alternative funding. 

However, caution is needed when interpreting this data, since the number of projects in 
research centres and the amount of funding are not reflected in the study. In any case, the 
overview shows that national funded projects, European Commission funded projects and
company funded projects are the main contributors to bioenergy research and development.

54%

58%

88%

24%

22%

31%

0 10 20 30 40 50 60 70

Company funded projects

European Commission funded projects

National funded projects

Overseas funded projects, not from the…

Regional funded projects

Self-funded projects

Number and percentage of research stakeholders

Ca
te

go
ry

 o
f f

in
an

ci
al

 su
pp

or
t

29



3.6 RESEARCH DRIVERS OF BIOENERGY RESEARCH IN THE UK 

Figure 14 shows the drivers of bioenergy research based on the interest of participants.

Figure 14. Factors influencing stakeholders 

According to participants, one of the most relevant factors that influences their research
activities is environmental demand (78%, 56 stakeholders). A possible explanation is that the 
use of biomass has positive environmental impacts when it is properly managed. Another
influential factor is previous research (67%, 48 stakeholders), meaning that their disciplines 
and insights make them continue researching in that area. Market demand and company
demand have been identified by half of the stakeholders (56-47%, 40-34 stakeholders).
Legislation demand is not considered particularly relevant for most of the stakeholders. Other 
factors given by stakeholders were UK strategy through specific requests; University interests 
and novel technologies development; as well as patents proliferation for novel technologies. 

3.7 TREND OF BIOMASS & BIO-PRODUCTS

Figure 15 shows a representation of biomass feedstock used by stakeholders based on
frequency and value. It reflects the most common feedstock used in bioenergy research in 
the UK. As it can be seen, generic terms such as agri-residues, MSW, woody biomass or wood 
waste, and food waste are the most common terms provided by research stakeholders named 
by 13%, 13%, 20%, 11% and 10% of participants respectively. This result is in line with 
bioenergy resource availability (Section 1.3) and ‘biomass and waste’ topic distribution on the
map of bioenergy research activities (Section 3.3). Specific terms include miscanthus, willow, 
wheat straw, rice straw, sewage-sludge, wastewater and macroalgae appointed by 17%, 17%,
17%, 6%, 7%, 7% and 6% of participants, respectively. 
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Figure 15. Representation of biomass feedstocks used by stakeholders

Figure 16 shows the products that stakeholders expect to obtain from their processes. Liquid
biofuel (27%) was nominated most, followed by gas (21%), heat (19%), materials (18%) and
electricity (16%). 

Figure 16. Energy vector interests of stakeholders

Figure 17 summarises the main products based on a visual representation of word frequency
and value given by stakeholders. It reflects the most common products aimed at bioenergy
research in the UK provided by research stakeholders. As it can be seen, the main terms are 
bio-oil (named by 20% of respondents) and bioethanol (named by 11% of respondents)
related to liquid biofuel; syngas, biogas and hydrogen (named by 18%, 10%, and 8% of 
respondents, respectively) related to gas; and bio-char, sugars, and digestate (named by 21%,
8%, and 6% of respondents respectively) related to materials.
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Figure 17. Representation of bio-products obtained by research stakeholders 

3.8 BIOENERGY RESEARCH STAKEHOLDER NETWORKS

Figure 18 shows a network map of known research stakeholders and potential research 
stakeholders in bioenergy. It has been developed from the list of collaborators provided by
participants in this study and it is an approximation of how the bioenergy research 
stakeholders included in this study interact in bioenergy. On the map, each research 
stakeholder is represented by a number whose information is summarised in Appendix 0. The 
numbers 1 to 72 correspond to the participants of this study and those above 72 correspond 
to potential bioenergy research stakeholders with individual activities in bioenergy who are 
collaborators but are not represented in the list of stakeholders. 
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The colour code of the map ranges from white (low/ non detected connections) to light green 
(medium connections) and dark green (high connections) and intermediate ranges of colours 
are arranged between these three colours and each circle represent a network node. Those 
with the highest number of connections (arrows) in the network have bigger circles. The 
number of connections is linked to engagement with other stakeholders and their 
organisational capacity. Isolated network nodes in the map represent participants that have 
not provided information about their contacts and have not been identified by other 
participants as collaborators.  

From the network map, it can be seen that the Institute of Biological, Environmental and Rural 
Sciences (Aberystwyth University, 1) has the largest number of collaborations. Apart from 
their relevant activity in the main bioenergy programs, they are the coordinators of the 
BEACON platform funded by the European Union. The Centre of Doctoral Training in 
Bioenergy (University of Leeds, 49) has a large number of collaborators, probably due to its 
organisational capability and number of PhD programmes, and has been sponsored by the 
Engineering and Physical Sciences Research Council (EPSRC) since 2013. The Bioenergy and 
Organic Resources Research Group (University of Southampton, 63) coordinates the 
Anaerobic Digestion Network (http://www.bbsrc.ac.uk/research/programmes-
networks/research-networks/nibb/#anaerobic). This is a BBSRC funded enterprise as part of 
the Networks in Industrial Biotechnology and Bioenergy (NIBB). This Network has >400 
members from academia, industry, government, NGOs and consultancies. The Tyndall Centre 
for Climate Change Research (University of Manchester, 53) manages the SUPERGEN 
Bioenergy Hub.  The Process Development Unit, Centre for Novel Agricultural Products, 
(University of York, 71) coordinates the Lignocellulosic Bioenergy Network (https://lb-
net.net/). Another division of the Centre for Novel Agricultural Products also manages the 
High Value Chemicals from Plants network (https://hvcfp.net/about/), which is one of the 
thirteen Biotechnology and Biological Sciences Research Council (BBSRC) funded Networks. 

Consideration of participant research stakeholders on the network map 

Some of the participants in this study provide details about their research status that also 
justified their network on the map. The first of them, The Energy Technology Institute (ETI, 
14) was set up in 2007 with a ten-year lifespan, meaning that this year will be the last year of 
full operation. Most outputs of their projects carried out this year are available on the 
‘Knowledge Zone’ area of their website (http://www.eti.co.uk/programmes). In addition, the 
modelling outputs from the ELUM (Ecosystem Land Use Modelling) project will be made 
available on the CEH website. A small number of ETI projects will continue to be developed in 
2018/19, including some bioenergy technology demonstration projects. Some other types of 
work carried out by the ETI will be undertaken by the Energy Systems Catapult 
(https://es.catapult.org.uk/) from 2018. The second stakeholder, The Synthetic Biology 
Research Centre (SBRC, University of Nottingham, 57) manages the BBSRC Network in 
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Industrial Biotechnology: C1Net (www.c1net.co.uk/). This network scope is spearheading the 
development of C1 gas fermentation to chemicals and fuels. 

Non-participants with relevant bioenergy networking activities 

The Food and Bioprocessing Sciences Research Group (University of Reading, 140) manages 
the FoodWasteNet (http://www.foodwastenet.org/), which is a BBSRC funded Network. The 
network aims to promote industrial biotechnology to realise the potential of food waste and 
by-products to produce renewable chemicals & biomaterials with added value and market 
potential; 2)The Scottish Association for Marine Science (University of the Highlands and 
Islands, 67) and University College London-Algal Biotechnology Group (not yet recognised on 
the network map) manages the PHYCONET network, a Biotechnology and Biological Sciences 
Research Council Network (BBSRC NIBB), to produce high value products from microalgae 
(http://www.phyconet.org.uk/); 3) The Manchester Institute of Biotechnology (University of 
Manchester, not yet included on the network map) manages the BIOCATNET 
(http://biocatnet.com/), a BBSRC NIBB dedicated to discovery, development and scalable 
production of biocatalysts for the whole IB community.  

Other considerations: estimation of research participants on bioenergy research from the 
network map  

These network nodes on the map represent the coordination effort in R&D in bioenergy 
through strategic planning and leadership from the Government and university initiatives. It 
has been estimated from 

Table 2 (Appendix 0) shows that that the number of bioenergy research stakeholders in this 
study covers between 46% and 67% of the total number of bioenergy research stakeholders.  
Figure 18 includes the bioenergy stakeholders who participated in the study together with all 
their collaborators.  The 46% is derived from the stakeholders with profiles (71) as a 
percentage of the total stakeholders + collaborators of 173 in Figure 18. If only collaborators 
are included with two links to the core stakeholders, the coverage improves to 67%. 

To conclude, this network map should be improved in future studies but at this stage, and as 
a new study, it shows valuable information on the bioenergy research stakeholders’ network.

35



4 RESEARCH GAPS

The following section discusses the current status of bioenergy research and research gaps 
identified as result of the mapping exercise. The status in bioenergy research is categorised 
according to the level of response and how much more activity is needed to properly support 
the topic.  

Proposed Research Requirements legend  

Importance None Medium High

Brief description Sufficient research 
effort is currently 
being allocated.

The topics is 
receiving a good 
level of attention, 
but more support 
would be valuable

There is not nearly 
enough research 
effort in this area and 
considerably more 
resources should be 
allocated 

Special attention should be given to bioenergy research gaps marked in red. 
Recommendations are proposed below for research stakeholders, UK government and 
industry. 

4.1 SECTION 3.3.BIOENERGY RESEARCH AREAS

Summary 

Section 3.3 showed the state of the art of bioenergy research in the UK based on a common 
classification and visualisation through a taxonomy map. It shows that the research 
community as a whole is exploring all aspects of the whole bioenergy chain, rather than only 
specific aspects of bioenergy. The major focus of technologies is pyrolysis, gasification and 
combustion as thermal processes; and anaerobic digestion, hydrolysis and fermentation as 
biochemical processes. Catalysis was identified as the major upgrading process. 

Topics Comment/Recommendation

1. Bioenergy and the 
environment
Nº of stakeholders 
involved>30

Research activities regarding the effect of bioenergy on the 
environment such impact on air soil and water, sustainability and 
dissemination, indicates active involvement of research 
stakeholders.

2. Biomass and 
waste
Nº of stakeholders 
involved>30

Research activities regarding biomass and waste indicates 
research stakeholders are currently adjusted to the use of 
biomass sources according to the availability of biomass 
resources in the UK, summarised in section 1.3.
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3. Pre-processing 
technologies
Number of 
stakeholders 
involved are 
between 20 and 30 

The following actions are recommended since pre-processing 
may improve the performance of particular processes according 
to the feedstock:
i. Develop feedstock pre-processing technologies according to 

different biomass origins, physicochemical characteristics, 
conversion technologies and reactor configuration. This will 
help research stakeholders and industry to select the most 
appropriate technologies (subtopics: biomass and waste pre-
treatment, physical processing, fractionation and 
torrefaction). 

ii. Develop case studies and cost analyses for pre-processing 
technologies. This will be especially needed for pilot and 
industrial plants (subtopics: biomass and waste 
pretreatment, physical processing, fractionation and 
torrefaction). 

4. Primary 
conversion 
engineering
Number of 
stakeholders 
involved are 
between 20 and 30 

Research activities regarding primary conversion engineering 
cover a wide range of technologies at different stages of 
development. Conversion technologies are usually regarded as 
the heart of an integrated bioenergy system and are usually the 
focus of development.  Process intensification is usually the 
method of improving conversion processes and this is likely to 
remain a key focus of research and development in this topic.

5. Products from 
biomass
Number of 
stakeholders 
involved <20

It is strongly recommended that after bio-products, the next 
activities should focus on alternative applications, including 
direct use for heat and power:
i. Improve research in synthesis upgrading and refining for 

high-quality bio-products. It includes maturity concept of 
bio-refineries and cost analysis. This will help to compensate 
efficiencies and costs, given the competition with other 
renewable technologies for direct use for heat and power
(subtopic: synthesis, upgrading and refining).

ii. Improve research collaboration to share expertise and 
facilities in bio-products production and testing. This will 
help to ensure the way to market of bio-products (subtopic: 
product testing and evaluation). 

iii. Assess product versatility and standardisation of the 
product. This will help to overcome the barrier of 
commercialisation, defining the most appropriated blending 
ratios of bio-products with conventional materials, based on 
technical properties or on economics (subtopic: end product 
versatility).

iv. Assess the infrastructure needed for bio-products in the 
supply chain. This will help to understand the barriers to
bioenergy implementation (subtopic: product transport 
infrastructure).
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6. System modelling 
and analysis
Number of 
stakeholders 
involved are 
between 20 and 30 

It is recommended that next actions promote market-ready bio-
products, given the nature application of bioenergy technology in 
the industry:
i. Compares modelling against experimental application. This 

will help to reduce the uncertainty in the investment 
estimation when technology is market ready (subtopics: 
whole system assessment, environmental analysis, value 
chain analysis, spatial and crop modelling). 

ii. Develop new market analyses. This will help to understand 
bioenergy business opportunities, competitiveness, and 
identify economic barriers of bio-products against 
conventional products and technologies. (subtopic: market 
analysis)

iii. Improve knowledge sharing between industry and research 
stakeholders. This will help to create synergies between 
industry needs and research innovation and development
(subtopic: market analysis).

7. Technology 
demonstration & 
integration
Number of 
stakeholders 
involved are 
between 20 and 30 

The following actions are recommended to improve the 
development of bioenergy technologies and bio-products:
i. The most significant environmental advantage of bioenergy 

comes from the capability to reduce CO2 emissions by using 
biomass. Further achievements in CO2 reduction will make it 
more technologically competitive in a future where 
emissions will have an important cost (carbon capture and 
storage)

ii. A portfolio of technologies, services and products should be 
developed that are attractive to industry. These will help 
industry stay up to date about the opportunities offered by 
bioenergy, therefore encouraging investment (subtopic: 
commercialisation opportunities).

iii. Screen potential bioenergy industry sectors in the UK. This 
will help to identify what type of industry can benefit from 
bioenergy to promote bio economy implementation
(subtopic: commercialisation opportunities).

4.2 SECTION 3.4. BIOENERGY RESEARCH SUPPORT

Summary 

Section 3.4 showed that bioenergy is supported more by the UK government and the research 
institutions themselves than any other support organisation. 

Comment/Recommendation

Research Promotion It is recommended the next actions by research stakeholders and 
the UK government to boost bioenergy research and business 
investment:
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i. Improve relationships and participation in projects with 
industries as a mid-term goal (1-10 years). This would help to 
shape the implementation of a bio-economy through small 
nuclei.

ii. Improve UK government financial support though public-
private shared financing of programmes and projects. This will 
help research to collaborate with industry where multi-skill 
research profiles are needed.

4.3 SECTION 3.5.BIOENERGY RESEARCH FINANCIAL SUPPORT

Summary 

Section 3.5 showed that national funded projects, European Commission funded projects and 
company funded projects were the main contributors of financial support for bioenergy at 
research organisations. The effects of Brexit’s impact on funded projects remain unknown for 
bioenergy research. 

Comment/Recommendation

Financial Support It is recommended that the following actions are implemented to 
support bioenergy research in the short term (1-5 years):
i. Promote regional funded projects to improve bioenergy 

research in some local areas by UK government. This will help 
bioenergy to expand, either by a major number of industries in 
the area, including traditional sectors, or by a major amount of 
biomass resources.

ii. Increase research holder participation in overseas-funded 
projects (non from EC) to enhance bioenergy research at 
national and international levels in the short term (1-5 years). 
This will help to mitigate the negative effects of detriment in 
funding opportunities.

4.4 SECTION 3.6.BIOENERGY RESEARCH DRIVERS 

Summary 

Section 3.6 showed that the major drivers by interest in bioenergy research are based on 
environmental demand (78%) and previous research (67%). 

The UK government green paper consultation (see section 1.1) comments on the 
opportunities for effective adoption of technology through businesses. This will be achieved 
by the correct bioenergy technology as per industry needs. 
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Comment/Recommendation

Research Drivers It is recommended that the following actions be implemented to 
improve the dynamics of bioenergy research in business 
application:
i. Adapt bioenergy technologies to industry needs, analyse 

supply chains and market demands. This will help to identify 
new areas of research for innovation and development.

4.5 SECTION 3.8.BIOENERGY RESEARCH INTERACTION

Summary 

Section 3.8 includes a network map which shows the interaction between research 
stakeholders in collaborative research that helps to improve the competitiveness of 
bioenergy research by sharing knowledge, resources and/or facilities. 

Comment/Recommendation

Stakeholder 
interaction

The following actions are recommended to promote and improve
communication between research stakeholders, industry and 
government:
i. Deploy new initiatives by UK Government taking advantage 

of the maturity level of stakeholder coordination from 
research platforms and networks. This will help to maintain 
and improve competitiveness.

ii. Involve industry as key partner in research programmes. 
This will help industry to participate in concept design and 
research stakeholders will take advantage of their 
experience through developing new innovative concepts. 
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5 CONCLUSIONS

This report is useful as a tool for improving communication between bioenergy research 
stakeholders, the UK government and industry. It has established a common classification of 
bioenergy R&D in the UK, recognises the research map of bioenergy activities and provides a 
large number of research stakeholders’ profiles with their research activities. It has identified 
that bioenergy research in the UK explores the whole bioenergy chain, starting with the 
selection and characterisation of feedstocks, before considering the impact on the 
environment, process behaviour, efficiency and optimisation, ending with technology and 
product characterisation. Some weaknesses in bioenergy research have been detected 
related to biomass pre-processing; product upgrading; versatility and application of bioenergy 
products and standardisation; their commercialisation opportunities; and their market 
opportunities. If technology and bio-products are to be market-ready, research drivers should 
also be led by industrial and market demand in the future. This redirection should be 
supported by the UK Government through government mechanisms that take advantage of 
the current bioenergy networks and platforms and the state of maturity in stakeholders’ 
collaborations in the UK. Those projects should be more suited to industrial needs, with the 
participation of research stakeholders with complementary profiles. This would help to 
encourage the participation of traditional sectors in bio-economy and to create deeper 
synergies between industrial and research stakeholders.  
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APPENDIX 7.1. RESEARCH DISCIPLINES

The following list covers the 7 most common areas of research disciplines in bioenergy. The 
scientific disciplines have been selected from Thomson Reuters website (http://ip-
science.thomsonreuters.com/cgi-bin/jrnlst/jlsubcatg.cgi?PC=D) : 

1. Agronomy & resources. - Agricultural economics & policy; Agricultural engineering; 
Agronomy; Ecology; Environmental sciences; Limnology; Plant sciences; Soil science; and 
Water resources.  

2. Biological science. - Biology; Biodiversity conservation; Cell biology; Developmental 
biology; Marine & freshwater biology; Mathematical & computational biology; and 
Microbiology. 

3. Biochemistry & biophysics. - Biochemical research methods; Biophysics; and 
Biotechnology & applied microbiology.  

4. Chemistry & physics. - Analytical chemistry; Applied chemistry; Atomic, molecular & 
chemical physics; Condensed matter physics; Electrochemistry; Fluids & plasmas physics; 
Inorganic & nuclear chemistry; Mechanics; Organic chemistry; Particles & fields physics; 
Physical chemistry; and Thermodynamics. 

5. Engineering & science. - Chemical engineering; Electrical & electronic engineering; 
Environmental engineering; Industrial engineering; Mechanical engineering; Multidisciplinary 
engineering; Multidisciplinary geosciences and Petroleum engineering. 

6. Energy & technology. - Materials science (characterization & testing); Energy & fuels; 
Sustainable science and technology; Nanoscience & nanotechnology; Polymer science; and 
Transportation science & technology. 

7. Mathematics & computer sciences. - Applied mathematics; Computer science; 
Mathematics; Operations research & management science; and Statistics & probability. 
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APPENDIX 7.2. SUBTOPIC BREAKDOWN STRUCTURE OF BIOENERGY TOPICS

This appendix summarises the seven main topics and their subtopics. Topics are presented 
in this appendix in descending order of percentages following Figure 10 and are represented 
in Figure 19, Figure 21, Figure 22, Figure 23, Figure 24, Figure 25 and Figure 26. These
figures show the number of stakeholders involved in each subtopic and their corresponding 
percentage from 0 (0%) to 71 (100%) stakeholders. 

Figure 19 summarises the subtopics of Topic 4 ‘Primary conversion engineering’. The
subtopics related to pyrolysis (39%, 28 stakeholders) and gasification (34%, 24 stakeholders)
are those with the largest number of stakeholders involved. From biochemical processes,
anaerobic digestion with a percentage of 35% (25 stakeholders) stands out, followed by
hydrolysis (34%, 24 stakeholders), and fermentation (32%, 23 stakeholders). Catalysis with a 
percentage of 31% (22 stakeholders) is the most relevant topic in upgrading. Combustion
(30%, 21 stakeholders), biochemical process related to enzymes and microorganisms with 
28% (20 stakeholders), hydrothermal conversion (27%, 19) and torrefaction (20%, 14 
stakeholders) cannot be neglected either.

Minor activities in topics or subtopics with less than 20% of participants are plasma upgrading
process, subcritical/supercritical conversion, particulate removal and “Other activities in this
category. “Other activities in this category” includes the following subtopics summarised in
Table 1 provided by participants. They can be novel areas, technologies with less research 
impact in the UK or minor existing areas in bioenergy. 

Figure 19. Subdivision of topic: Primary conversion engineering  
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Table 1. “Other topics” in primary conversion engineering 

4.6.Thermal.Other processes in this category
Biochar properties for phytoremediation
Photocatalysis

4.11.Biochemical.Other processes in this category
Microbial fuel cells (MFCs)
Autonomous robots powered by microbial fuel cells (MFCs)
Synthetic biology approach to improve microorganisms

4.15.Upgrading.Other processes in this category
High and low temperature steam/dry/autothemal reforming 
Plasma-catalytic removal of VOCs
Microbubble mediated reactive separations
Chemical looping reforming
Char activation
Biochar nutrient enrichment
Microbubble distillation
Sorption enhanced steam reforming

4.17.Other activities in primary conversion category
Pyrolysis liquids fractionation
Energy saving technologies for wastewater treatment
Ultrasonic conversion
Chemical reactions of ultrasound
Hydro-deoxygenation
Combination of microwave & ultrasonic & organic solvent
Elevated pressure and temperature sonication
Membrane separation, electrochemical techniques and dedicated cultures

Figure 20 shows the categorisation of subtopics of Primary conversion engineering by
thermal, biological, upgrading and other processes. Thermal and biochemical are similar in 
the number of stakeholders involved. Both Figure 19 and Figure 20 point out a 
multidisciplinary profile of engineering conversion processes in the UK bioenergy research. 

Figure 20. Distribution of topic: Conversion engineering processes 
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Figure 21 reflects the breakdown structure of Topic 6 ‘System modelling and analysis’. The
activities that overtake more than half of stakeholders are Process modelling and Energyf
balance assessments (44%, 32 stakeholders); Life cycle (43%, 31 stakeholders) and Techno-
economics assessments (42%, 30 stakeholders). This result underlines the effort of 
stakeholders to improve and understand processes and efficiencies, their impacts on the 
environment and their technical and economic profitability. Environmental analysis, Whole
system assessment and Value chain analysis are also relevant subjects in bioenergy (28-24%, 
31-17 stakeholders) and those subjects are also in line with the current level of integration of 
technology. 

Minor activities with less than 20% of participants are Spatial modelling and Crop modelling,
Market analysis and others (modelling farm level trade-offs and formal mathematical 
techniques from safety in design and operation). The lower contribution of spatial modelling
and crop modelling is understandable if it is taken into account the fact that they are specific 
subjects. Nonetheless, market analysis can be implemented to the most developed
technologies and bio-products. However, according to the data, little has been done thus far
in relation to this subject. It would also allow stakeholders to spot technological drawbacks in 
order to adjust technology to market needs. 

Figure 21. Subdivision of topic: System modelling and analysis 

Figure 22 describes the subtopics of Topic 8 ‘Bioenergy and the environment’. Impacts on air, 
soil, water and sustainability involve 45% (32 stakeholders) and 43% (30 stakeholders),
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RL#N RL#N RL#N 

hosting events, public awareness of bioenergy, etc. with 35% (25 stakeholders); bioenergy 
regulatory framework with 34% (24 stakeholders); and Impacts on economy and society with 
34% (24 stakeholders). Minor but still relevant are activities related to Impacts on biodiversity
with 23% (16 stakeholders). “Other activities in this category” includes the following subtopics
provided by participants: 1) integrating renewable energy in rural areas, particularly in 
developing countries; 2) the use of energy crops on marginal land for bioremediation 3) 
particulates emission and control, and 4) combustion emissions. 

Figure 22. Subdivision of topic: Bioenergy and the environment 
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Figure 23. Subdivision of topic: Biomass and waste

Figure 24 represents the subtopics breakdown structure of Topic 7 ‘Technology
demonstration & integration’. Scaling up activities covers 43% (31 stakeholders) followed by 
Process optimisation (42%, 30 stakeholders), Integration (38%, 27 stakeholders) and
Demonstration (33%, 24 stakeholders). Carbon capture and storage is still relevant (21%, 15
stakeholders). Minor activities are Commercialisation opportunities (18%, 13 stakeholders).
“Other activities in this category” includes the following subtopics provided by participants:
1) Biorefinery integrated processing and economic production, 2) demonstration use of 
brownfield for bioenergy, or 3) used of biomass for industrial heat. 

Figure 24. Subdivision of topic: Technology demonstration & integration
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stakeholders), Fractionation (24%, 17 stakeholders), and Torrefaction (17%, 12 stakeholders).
“Other activities in this category” includes the following subtopics provided by participants:
1) Organosolv process, 2) laser treatment for algae cell disruption, 3) steam distillation and 4) 
alternative transformation of biomass such as fibre packaging.

Figure 25. Subdivision of topic: Biomass pre-processing technologies

Figure 26 describes the subtopics of Topic 5 ‘Energy vectors: products from biomass’.
Characterisation and analysis of products is the main activity of this subtopic that defines the
quality of the products with 42% (30 stakeholders). It is followed by Synthesis, upgrading and f
refining (28%, 20 stakeholders), Product testing and evaluation (20%, 14 stakeholders), End-
product versatility (18%, 13 stakeholders) and Product transport infrastructure (4%, 3
stakeholders). “Other activities in this category” includes the following subtopics provided by 
participants: 1) CO2 conversion to chemicals, 2) Energy vector analysis, 3) New secondary 
processing of biodiesel, and 4) Plasma assisted hydrogen/hydrocarbon production.

Figure 26. Subdivision of topic: Energy vectors: products from biomass
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APPENDIX 7.3. NETWORK LIST

Table 2 provides a list of research stakeholders contributing to the bioenergy network map. 
It includes a colour code that differentiates participants (dark green) from potential 
stakeholders who did not contribute to this study (medium green) and contacts with some 
links to bioenergy who are not well defined (light green). There is not enough information to 
establish whether the latter refers to organisations that carry out individual activities in 
bioenergy or are actual bioenergy stakeholders. 

Table 2. List of research stakeholders in the bioenergy network map 

N° Organisation Department Group

1 Aberystwyth University Institute of Biological, 
Environmental and Rural Sciences

2 Agri-Food & Biosciences 
Institute

Sustainable Agri-Food Sciences 
Division 

Environment and Renewable 
Energy Centre 

3 Aston University European Bioenergy Research 
Institute Bioenergy Research Group

4 Bangor University BioComposites Centre

5 Birmingham University Chemical Engineering 
Department Fuel Cells and Hydrogen group

6 Birmingham University Chemical Engineering Fraunhofer-Birmingham 
Research Platform

7 Cardiff University Engineering Centre for research into Energy, 
Waste and the Environment

8 Centre for Ecology and 
Hydrology

Biosphere Atmosphere 
Interactions

Land-Atmosphere Exchange of 
Greenhouse Gases

9 Centre for Ecology and 
Hydrology Plant-Soil Interactions Plant-Soil Interactions Group

10 Cranfield University Energy and Power Bioenergy and Resource 
Management Centre

11 Durham University Biosciences Plant developmental genetics
12 Durham University Chemistry department Dyer group
13 Edinburgh Napier University School of Applied Sciences Biofuel Research Centre

14 Energy Technologies 
Institute (ETI) Strategy

15 Forest Research Centre for Sustainable Forestry 
and Climate Change Climate Change Research Group

16 Harper Adams University Animal Production, Welfare and 
Veterinary Sciences

Agricultural Centre of 
Sustainable Energy Systems

17 Heriot-Watt University Chemical Engineering
18 Imperial College London Centre for Environmental Policy

19 Imperial College London Department of Chemical 
Engineering

Centre for Process Systems 
Engineering

20 Imperial College London Mechanical Engineering Hazelab
21 Lancaster University Engineering department Energy Group

22 Loughborough University
Wolfson School of Mechanical, 
Electrical and Manufacturing 
Engineering

Centre for Renewable Energy 
Systems Technology (CREST),
Chemical Engineering group,
Civil Engineering group

51



23 Newcastle University School of Chemical Engineering 
and Advanced Materials Process Intensification Group

24 Open University Development Policy and Practice

25 Queen's University Belfast School of Chemistry and Chemical 
Engineering

Sustainable Energy Research 
Centre

26 Robert Gordon University Pharmacy and Life Sciences CyanoSol
27 Rothamsted Research Agroecology Willow group
28 Sheffield Hallam University Engineering and Mathematics Hallam Energy
29 Staffordshire University Engineering department ARBOR

30 Swansea University Biological department Centre of Sustainable Aquatic 
Research

31 Teesside University Engineering department Chemical Engineering and 
Catalysis

32 University College London Civil, Environmental and 
Geomatic Engineering

33 University College London Department of Mechanical 
Engineering

34 University College London
The Bartlett School of 
Environment, Energy and 
Resources

UCL Institute for Sustainable 
Resources/UCL Energy Institute

35 University of Aberdeen Institute of Biological and 
Environmental Sciences

36 University of Bath Chemical Engineering Bioprocessing Research Unit

37 University of Bath Department of Mechanical 
Engineering

Sustainable Energy Research 
Team

38 University of Cambridge Department of Plant Sciences Plant Metabolism
39 University of East Anglia School of Environmental Sciences
40 University of Edinburgh School of Geosciences UK Biochar Research Centre

41 University of Exeter Mathematics and Geography 
department

42 University of Glasgow School of Engineering Systems, Power and Energy
43 University of Greenwich Life & Sports Science Algal Biotechnology

44 University of Hertfordshire Biological and Environmental 
Sciences

Agriculture and the 
Environment Research Unit

45 University of Huddersfield
Department of Chemical 
Sciences, School of Applied 
Sciences

Biorefinery Engineering Group

46 University of Huddersfield School of Applied Sciences

47 University of Hull
Chemical Engineering, School of 
Engineering and Computer 
Science

48 University of Hull
Chemical Engineering, School of 
Engineering and Computer 
Science

Bio-based Materials and Bio-
fuels 

49 University of Leeds School of Chemical and Process 
Engineering

Centre of Doctoral Training in 
Bioenergy

50 University of Leeds School of Chemical and Process 
Engineering

Sustainable production of 
hydrogen, syngas and methane 
gas

51 University of Leeds School of Chemical and Process 
Engineering

Waste & Biomass Research 
Group

52 University of Liverpool Electrical Engineering and 
Electronics Plasma Chemistry

53 University of Manchester Mechanical, Aerospace and Civil 
Engineering

Tyndall Centre for Climate 
Change Research
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54 University of Manchester School of Chemical Engineering 
and Analytical Science

55 University of Nottingham Biosciences department
56 University of Nottingham Faculty of Engineering Microwave Process Engineering 

57 University of Nottingham Life Sciences Synthetic Biology Research 
Centre

58 University of Sheffield Chemical and Biological 
Engineering

Sheffield University Waste 
Incineration Centre 

59 University of Sheffield Chemical and Biological 
Engineering Zimmerman Group

60 University of Sheffield Department of Mechanical 
Engineering Combustion and Energy

61 University of Sheffield*2 Department of Mechanical 
Engineering Energy Engineering Group

62 University of Southampton Centre for Biological Sciences Life Sciences Group

63 University of Southampton Faculty of Engineering and the 
Environment

Bioenergy and Organic 
Resources Research Group

64 University of Strathclyde

Civil & Environmental 
Engineering, 
Chemical and Process 
Engineering, 
Design Manufacture & 
Engineering Management

65 University of Surrey Centre for Environment and 
Sustainability

66 University of Surrey Chemical and Process Engineering

67 University of the Highlands 
and Islands

The Scottish Association for 
Marine Science

68 University of the West of 
England

Engineering, Design and 
Mathematics Bristol BioEnergy Centre

69 University of Warwick Chemistry

70 University of York Biology Centre for Novel Agricultural 
Products

71 University of York Biorenewables Development 
Centre Process Development Unit

72 University of York Chemistry Green Chemistry Centre

73 Aston University Chemical Engineering and Applied 
Chemistry department

74 Aston University European Bioenergy Research 
Institute Catalysis Group

75 Birmingham City University School of Engineering and the 
Built Environment Bioenergy Research Group

76 Brunel University Institute of Energy Futures Energy Efficient and Sustainable 
Technologies

77 Cardiff University Low Carbon Research Institute 
(LCRI)

78 Centre for Process 
Innovation*1

79 City University Department of Mechanical 
Engineering & Aeronautics

80 Coventry University
Faculty Research Centre for 
Manufacturing and Materials 
Engineering

Functional Materials Applied 
Research Group

81 Coventry University School of Mechanical, Aerospace 
and Automotive Engineering
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82 Cranfield University Cranfield Water Science Institute

83 Durham University Department of Earth Sciences Layered Mineral Geochemistry 
Group

84 Durham University Durham Energy Institute

85 Edinburgh University Energy Systems Research 
Institute

Energy Storage and Carbon 
Capture

86 Forest Research Centre for Forest Resources and 
Management

Forest Management Research 
Group

87 Harper Adams University 
College

Animal Production, Welfare and 
Veterinary Sciences

Agricultural Centre of 
Sustainable Energy Systems

88 Harper Adams University 
College Engineering department

89 Imperial College London Department of Chemical 
Engineering

90 Imperial College London Institute of Security, Science & 
Technology

91 Imperial College London Sustainable Gas Institute
92 Lancaster University Lancaster Environment Centre

93 Loughborough University Aeronautical and Automotive 
Engineering Control and Reliability Group

94 Loughborough University Civil and Building Engineering Water Group

95 Manchester Metropolitan 
University

Mathematics and Digital 
Technologies, School of 
Computing

96 Newcastle University Department of Architecture

97 Newcastle University School of Agriculture, Food and 
Rural Development

Integrated Agricultural 
Production

98 Newcastle University School of Civil Engineering and 
Geosciences

99 Newcastle University Sir Joseph Swan Centre for Energy 
Research

100 Nottingham Trent University Advanced Material Research 
Group (AMRG)

101 Open University Engineering and Innovation 
department

102 Oxford University Engineering Science Osney Thermo-Fluids 
Laboratory

103 Queen's University Belfast Centre for Advanced Sustainable 
Energy

104 Queen's University Belfast Civil Engineering

105 Queen's University Belfast School of Mechanical and 
Aerospace Engineering Clean Energies Research Group

106 Rothamsted Research Science department

107 SAC (The Scottish 
Agricultural College)

108 Swansea University Biosciences department

109 Swansea University Institute of Life Sciences and 
School of Medicine

110 Teesside University Science & Engineering research
111 University College London Electrochemical Innovation Lab

112 University of West of 
Scotland

Institute of Engineering and 
Energy Technologies

113 University of Aberdeen School of Biological Sciences Aberdeen Centre for 
Environmental Sustainability
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114 University of Bath Department of Biology & 
Biochemistry

115 University of Birmingham School of Chemical Engineering Centre for Formulation 
Engineering

116 University of Bristol Bristol Robotics Laboratory
117 University of Cambridge Department of Biochemistry Dupree Group

118 University of Cambridge Engineering Energy, Fluids and 
Turbomachinery Division

119 University of Dundee School of Life Sciences Division of Plant Sciences
120 University of East Anglia Institute of Food Research
121 University of Edinburgh Global Change Research Institute Global Change Ecology

122 University of Edinburgh Materials and Processes Research 
Institute

123 University of Edinburgh School of Engineering Energy Systems Research 
Institute

124 University of Essex Plant Phenomics Research Plant Phenomics Research
125 University of Glasgow School of Chemistry Cronin Lab

126 University of Leeds School of Chemistry Process Research and 
Development Group

127 University of Leeds School of Civil Engineering
128 University of Leeds School of Earth and Environment Sustainability Research Institute

129 University of Leeds Waste & Biomass Research Group Waste & Biomass Research 
Group

130 University of Lincoln School of Life Sciences

131 University of Manchester Faculty of Science and 
Engineering

Multiscale and Sustainable 
Manufacturing

132 University of Manchester School of Chemical Engineering
and Analytical Science Biorefinery Engineering Group

133 University of Nottingham
Centre for Doctoral Training in 
Carbon Capture and Storage and 
Cleaner Fossil Energy

134 University of Nottingham Faculty of Social Sciences
135 University of Nottingham School of Biosciences Division of Food Sciences

136 University of Nottingham School of Geography
Environmental and 
Geomorphological 
Sciences research group

137 University of Oxford Department of Engineering 
Science

Turbomachinery Research 
Group

138 University of Oxford Oxford Energy Environmental Engineering 
Group

139 University of Portsmouth Institute of Marine Sciences 
Laboratories

140 University of Reading Food and Nutritional Sciences Food and Bioprocessing 
Sciences Research Group

141 University of Reading Geography and Environmental
Science

142 University of Sheffield Chemical and Biological 
Engineering

143 University of Sheffield Chemical and Biological 
Engineering

Biological Engineering Research 
Group

144 University of Sheffield Management School

145 University of South Wales Sustainable Environment 
Research Centre (SERC)

Sustainable Environment 
Research Centre

146 University of St Andrews Energy and materials JTSI Group
147 University of St Andrews School of chemistry Westwood Group
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148 University of St Andrews St Andrews Sustainability 
Institute

149 University of Stirling Biological and Environmental 
Sciences

150 University of Surrey Department of Chemical and 
Process Engineering

151 University of Surrey Department of Microbial Sciences

152 University of the Highlands 
and Islands NAFC Marine Centre

153 University of Ulster Built Environment Research 
Institute

154 University of Warwick School of Life Sciences Soil microbial diversity and 
functioning

155 University of York Chemistry Thomas-Oates Mass 
Spectrometry Group

156 University of York Environment
157 Aston University
158 Cardiff University

159 Centre for Ecology and 
Hydrology

160 Cranfield University
161 Durham University
162 Forest Research
163 Heriot-Watt University
164 Imperial College London
165 Lancaster University
166 Newcastle University
167 Queen Margaret University
168 Sheffield Hallam University
169 University College London
170 University of Aberdeen
171 University of Birmingham
172 University of Glasgow
173 University of Leeds
174 University of Southampton
175 University of Strathclyde
176 University of York

177 Harper Adams University 
College

178 Swansea University
*1In 2011 Centre for Process Innovation was named as the process element of the government’s elite network 
of Catapult centres.  

*2The Energy Engineering Group has participated in the study out of date and it is not included on the overall 
study but it has been included in the network map and in stakeholder’s profile appendix. 
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APPENDIX 7.4. LIST OF STAKEHOLDERS

Figure 27 provides the location, name, and research profiles of research stakeholders that 
participated in this study. Their profiles have been divided into the following sections: 
identification of the organisation, their research topics according to the classification in 
Section 2.1, their specific research details in each topic; their energy vectors, feedstock and 
products used by them; and equipment for laboratory and for general tests and software. The 
stakeholders’ research profile is provided to show their expertise and research facilities for 
collaboration in research activities (national, international, academic projects, consortium 
with companies, etc.).

Profiles of all stakeholders included in this report follows the summary in Figure 27. 
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Figure 27. Location of bioenergy research stakeholder participants 
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