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1. Executive Summary  

The vision of the Supergen Bioenergy Hub is to enable and stimulate the 

development of a sustainable UK bioenergy sector. This is supported through the 

Hub’s whole system research approach that encompasses all aspects of bioenergy 

expertise to identify pathways for delivering bioenergy with wider social, economic 

and environmental benefits. The Hub’s research also includes the development of 

innovative bioenergy technologies through the different technology readiness levels 

(TRLs) in order to deliver cost-effective, efficient, and sustainable energy. In this 

way, UK academics support policy and industry in identifying and characterising 

sustainable bioenergy systems that can be prioritised to provide power, heat, liquid 

and gaseous fuels, and value-added chemicals. 

This report introduces the Supergen Bioenergy Hub Case Studies, which have been 

developed in collaboration with key stakeholders across government, industry, non-

governmental organisations (NGOs) and academia. The report describes the 

development and selection of the Supergen Bioenergy Case Studies and introduces 

each Case Study in detail:  

 Supergen Bioenergy Hub Case Study 1: Hydrogen Fuel Cell  

Energy crops and/or agricultural residues are used as feedstocks to produce 

hydrogen through a gasification conversion pathway. During the gasification 

and syngas upgrading processes, the CO2 (and other gas components) are 

separated and captured, leaving hydrogen to be used with a fuel cell to 

generate energy.  

 Supergen Bioenergy Hub Case Study 2: Biorefinery  

Energy crops such as short rotation coppice (eg, willow) are processed 

through the application of ionic liquids as a pre-treatment followed by 

fermentation and catalysis processes to produce advanced liquid biofuels and 

value-added chemicals. Alternatively, forest residues could be used as 

feedstock. 

 Supergen Bioenergy Hub Case Study 3: Transport Fuels from Wastes 1 

Municipal solid waste is processed for a gasification conversion process. The 

produced syngas is upgraded and used to produce (a) gaseous transport 

fuels or (b) converted to liquid bio-jet fuels through a Fischer-Tropsch process. 

 Supergen Bioenergy Hub Case Study 4: Transport Fuels from Wastes 2 

Municipal solid waste is collected and processed and then through a fast 

pyrolysis process, pyrolysis oil is produced to be used to blend liquid transport 

fuels. 

 Supergen Bioenergy Hub Case Study 5: Heat from Food Wastes  

Food wastes are collected and processed through catalytic conversion to 

produce hydrogen that can be used to generate heat. 
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 Supergen Bioenergy Hub Case Study 6: Bioelectricity with Carbon 

Capture and Storage (CCS)  

Energy crops are grown specifically for the bioenergy sector to generate 

electricity with linked carbon capture and storage technologies for greenhouse 

gas removal. 

 

2. Introduction 

Bioenergy is a versatile renewable energy option due to its high flexibility and 

compatibility with energy systems and its potential to provide dispatchable low-

carbon energy. Currently, 11% of the total energy consumption in the UK is provided 

from renewables1. With about 8% of the UK’s final energy consumption, bioenergy 

provides about two thirds of all renewables1 used for electricity, heat and transport. 

While previous work of the Supergen Bioenergy Hub has shown that there is scope 

for UK bioenergy to provide up to 44% of future primary energy demand if we make 

best use of all biomass wastes, residues, energy crop and forestry opportunities2, a 

more realistic objective could be for 15% of the UK’s primary energy demand to 

come from sustainable biomass by 20503: almost double what is delivered today. For 

this, it is essential that the UK’s bioenergy is developed with sustainable resources, 

technologies and applications that support climate change mitigation and address 

the key challenges of energy generation and deployment: environmental 

sustainability, energy security and affordability. 

The vision of the Supergen Bioenergy Hub is to enable and stimulate the 

development of a sustainable UK bioenergy sector. This is supported through the 

Hub’s whole system research approach that encompasses all aspects of bioenergy 

expertise to identify pathways for delivering bioenergy with wider social, economic 

and environmental benefits. The Hub’s research also includes the development of 

innovative bioenergy technologies through the different technology readiness levels 

(TRLs) in order to deliver cost-effective, efficient and sustainable energy. In this way, 

UK academics support policy and industry in identifying and characterising 

sustainable bioenergy systems that can be prioritised to provide power, heat, liquid 

and gaseous fuels, and value-added chemicals. 

The Hub is structured around four Topic Groups (TG) (Figure 1) that allow 

consideration of a full bioenergy system in a wider energy, environmental, economic 

and social context: TG1 Resources; TG2 Pre-treatment and Conversion; TG3 

Vectors; TG4 Systems. The overall aim of the Hub is to develop sustainable 

                                                             
1 BEIS. (Department for Business, Energy & Industrial Strategy). Digest of UK energy statistics 2019 
(DUKES). London. July 2019; 182 p. 
2 Welfle A, Gilbert P, Thornley P. Securing a bioenergy future without imports. Energy Policy 2014; 
68:1-14. http://dx.doi.org/10.1016/j.enpol.2013.11.079  
3 CCC. (Committee on Climate Change). Biomass in a low-carbon economy. London. November 
2018; 162 p. 

http://dx.doi.org/10.1016/j.enpol.2013.11.079
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bioenergy systems that support the UK's transition to a sustainable, affordable and 

resilient low-carbon energy future. It will do this by pursuing the following objectives: 

1. Explore options for the production of sufficient feedstock to support the UK 

bioenergy system without negatively impacting food production and while 

maximising local environmental and global climate benefits. (Topic Group: 

Resources) 

2. Identify and select preferred bioenergy pathways and develop new 

technologies and systems that support the hub's vision for UK bioenergy. 

(Topic Groups: Pre-treatment and Conversion) 

3. Identify and select appropriate energy vectors and determine how these fit 

within a wider biorefinery strategy to reduce carbon, reliance on fossil fuel 

and maximise national and regional resilience. (Topic Group: Vectors) 

4. Identify and evaluate impacts of the UK's bioenergy sector that maximise the 

benefits of bioenergy to the energy trilemma of affordability, resilience and 

carbon reduction. (Topic Group: Systems) 

5. Evaluate the role and impact of selected bioenergy pathways at appropriate 

deployment scales on the energy system and interfacing sectors. (Via case 

studies from all Topic Groups) 

 

 

Figure 1: Supergen Bioenergy Hub structure and impact pathways 
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These objectives will be addressed in the research undertaken by the Hub and 

collaboratively investigated by the TGs based on the Supergen Bioenergy Hub Case 

Studies outlined below.  

We have adopted a case study analysis approach to focus our research on a series 

of specific real-life bioenergy systems that have been selected based on the 

availability of UK biomass, the UK’s energy demands and UK bioenergy technology 

expertise. The benefits of this approach will be to generate a greater in-depth and 

multi-faceted understanding of how the different Case Studies could be sustainably 

deployed within the UK. Working with academia, industry, NGOs, government and 

wider stakeholders, we will consider the potential deployment scales of the different 

Case Studies and their role and impact on the energy system and cross-cutting 

sectors. 

Hence, the Supergen Bioenergy Hub Case Studies will provide the backbone of the 

Hub’s research, taking a systems perspective that will address the challenges 

existing between the interfaces of feedstock, technology, end use and wider energy 

system relevance. 

This report introduces the Supergen Bioenergy Hub Case Studies, which have been 

developed in collaboration with key stakeholders across government, industry, 

NGOs and academia.  

 Section 3 of the report will describe the development and selection of the 

Supergen Bioenergy Hub Case Studies.  

 Section 4 will introduce the Supergen Bioenergy Hub Case Studies in detail.  

 Section 5 covers the Hub’s approaches to the research challenges of each 

Case Study through TG-specific and TG collaborative research.  

 

3. Developing the Supergen Bioenergy Hub Case Studies  

3.1. UK Bioenergy Stakeholder Engagement Workshops 

The Supergen Bioenergy Hub facilitated a series of workshops between December 

2018 and September 2019 to develop the Supergen Bioenergy Hub Case Studies. 

Stakeholder engagement workshops in London and Birmingham, followed by case 

study development workshops held in Glasgow and Manchester, brought together 

UK bioenergy stakeholders representing policy, industry and academia. The 

workshops informed attendees about the new structure and activities of the 

Supergen Bioenergy Hub; included engagement activities to evaluate the current 

status and landscape of UK bioenergy; assessed the future directions for the sector 

and the future needs of the UK from the perspectives of energy, climate change and 

bioeconomy targets; and identified a series of priority research themes on which 

attendees agreed Supergen Bioenergy Hub research should focus.       
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The key questions guiding the discussion with UK bioenergy stakeholders attending 

the workshops included: 

• What is the role of bioenergy within current policy issues? 

• What is UK bioenergy going to deliver? 

• What are the most important attributes of bioenergy in the UK and beyond? 

• What are the most relevant challenges of bioenergy in the UK and beyond? 

• What are and will be the most relevant feedstocks and resources, 

technologies and applications of bioenergy? 

• What will be the most relevant bioenergy systems and supply chains 

considering the transformation to a low-carbon economy? 

• What will be the key opportunities and challenges of such bioenergy systems 

or specific aspects of the bioenergy systems? 

3.2. Workshop Outcomes – Priorities for UK Bioenergy Research  

3.2.1. UK Bioenergy Pathway Prioritisation 

The feedstocks, pre-treatment and conversion technologies, and vectors identified 

during the workshops and perceived as most relevant by the workshop participants 

are summarised by Figure 2. As could be expected, it became apparent during the 

workshops that most participants focused on their disciplinary expertise in selecting 

and promoting bioenergy feedstocks, conversion pathways, desired energy vectors 

and systems issues.   

The vast collective experience of the UK bioenergy stakeholders contributing to the 

workshops resulted in a large variety of options available for bioenergy systems. The 

feedstocks, technologies and energy vectors included in Figure 2 reflect the high 

flexibility inherent to bioenergy, listing many specific feedstock options, the different 

alternative pre-treatment and conversion pathways applicable to these feedstocks 

and the various vectors and different end-uses that each individual bioenergy 

pathway would provide. There are multiple ways of joining feedstocks, technologies 

and vectors to define a pathway and while these pathways may be specific there can 

be transferable learning generated from them if they are tailored with appropriately 

representative feedstocks, technologies, vectors and final demand.  
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Figure 2: Supply chain matrix resulting from UK bioenergy stakeholder workshops 

Even though there was a large variety of ‘feedstock-conversion technology-vector 

combinations’, there was a high degree of consensus that: 

 Priority UK bioenergy feedstocks the Supergen Bioenergy Hub should focus 

research on included: organic wastes, agricultural and forestry residues 

and second-generation energy crops.  

 Priority UK pre-treatment and conversion technologies the Supergen 

Bioenergy Hub should focus research on included: gasification, anaerobic 

digestion, combined heat and power, pyrolysis, catalysis and ionic 

liquids. 

 Priority energy vectors and end-uses for UK bioenergy the Supergen 

Bioenergy Hub should focus research on included: gaseous and liquid fuels 

for heat and transport; hydrogen for various uses such as fuel cells; 

production of value-added chemicals and materials; the production of 

biochar as by-product, and; to explore opportunities for bioenergy with 

carbon capture and storage (BECCS) and bioenergy with carbon capture 

and utilisation (BECCU).  

Building on the outputs from the workshops, an activity session was facilitated at the 

Supergen Bioenergy Hub’s Researchers’ Day 2019 in Glasgow to start to develop 

specific pathways for the Supergen Bioenergy Hub Case Studies. The attendees to 

this event were predominantly from academia with a smaller number of UK 

bioenergy stakeholders from industry. Figure 3 provides an example of the variety of 

possible case studies identified during the Glasgow workshop, including an 
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assessment of the prioritisation of each potential case study as voted on by the 

attendees.  

Where the ranges of the boxplots within Figure 3 are small, it can be interpreted that 

there was a high degree of agreement across stakeholders attending the workshop. 

Where boxplot ranges are large there was little consensus about its importance. The 

location of the midpoint of each boxplot may be used as an indicator of overall 

consensus: the higher the midpoint line, the greater the overall consensus of the 

importance of the issue.      

 

Figure 3: Supergen Bioenergy Hub Case Study options and prioritisation (rank) of 

workshop attendees (Whisker-box plot shows the spread of support for each case 

study with the horizontal middle line representing the median. The green line shows 

the total score for each case study.) 

3.2.2. Assessing the Opportunities, Barriers and Challenges of UK Bioenergy 

Pathways  

A summary of the overarching opportunities, barriers and challenges that emerged 

from the workshop is represented in Figure 4, clustered in three dimensions: 

 Sustainability and Scale aspects and interfaces in relation to bioenergy 

supply chains and supply chain stages (blue box), including opportunities and 

challenges related to environmental aspects, biomass resources, technology 

development and deployment, infrastructure and commercialisation. 

 Governance, Societal Impacts and Timeframes of bioenergy (green box), 

including carbon as central element of bioenergy deployment, policy 

frameworks and societal implications. 
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 System Integration of bioenergy in the wider energy system, across sectors 

and its wider societal impact (yellow box), including cross-sectoral interfaces 

and the overarching objective of the transformation to a low-carbon society. 

This framework shows that bioenergy and the different processes and products of 

bioenergy pathways cannot be seen in isolation, but have to be considered as part of 

a wider system. Understanding the interfaces between different processes and 

products (eg, feedstocks and technology) is key to understanding the trade-offs and 

synergies within bioenergy systems and their impact and role with natural and 

technical systems, and with other cross-cutting sectors. A holistic approach in 

analysing bioenergy is required to maximise the benefits from bioenergy systems 

and mitigate negative impacts in a context where there will inevitably be trade-offs 

between different tangible impacts when system specification/design is changed. 
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Figure 4: Opportunities, barriers and challenges for UK bioenergy systems, and potential implications for the role of bioenergy in 

enabling the transition towards a sustainable and low-carbon society 
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3.3. Supergen Bioenergy Hub Case Study Selection 

The role of the Supergen Bioenergy Hub is to enable and stimulate development of a 

sustainable UK bioenergy sector by leveraging bioenergy expertise to identify 

pathways for delivering bioenergy with preferred social, economic and environmental 

benefits. Accordingly, case studies of high relevance for the bioenergy sector and for 

different stakeholders from producers, manufacturers, service providers, decision-

makers and end users were selected. The aim to include the assessment of 

innovative bioenergy technologies across different TRLs in the Hub’s research will 

support the delivery of cost-effective, efficient and environmentally friendly energy 

throughout the UK’s low-carbon transition.  

The six selected Supergen Bioenergy Hub Case Studies are presented in the 

following sections of this report. The design and selection criteria were to cover the 

broad range of bioenergy approaches, considering different aspects and elements of 

bioenergy based on consultation during the stakeholder workshops. The Case 

Studies were finalised at a workshop in Manchester that brought together the 

Supergen Bioenergy Hub Core Management Group in consultation with the Hub’s 

Advisory Board.  

 

4. Supergen Bioenergy Hub Case Studies  

The following section of this report describes the Supergen Bioenergy Hub Case 

Studies. The Bioenergy Supply Chain Matrix diagram (Figure 5) highlights the range 

of bioenergy supply chain options including different feedstocks, conversion 

pathways, CO2 processes, products and energy vectors. The diagram also 

documents the specific pathways of each of the Supergen Bioenergy Hub Case 

Studies, providing the framework of research to be undertaken by the Supergen 

Bioenergy Hub Research Programme.  
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Figure 5: Bioenergy Supply Chain Matrix and the Supergen Bioenergy Hub Case Studies 
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4.1. Supergen Bioenergy Hub Case Study 1: Hydrogen Fuel Cell 

 

Energy crops and/or agricultural residues are used as feedstocks to produce 

hydrogen through a gasification conversion pathway. During the gasification and 

syngas upgrading processes, the CO2 (and other gas components) are separated 

and captured, leaving hydrogen to be used with a fuel cell to generate energy.  

Feedstock 

Miscanthus is grown as a perennial crop in the UK on agricultural land. 

The typical lifetime is 15 years and the crop is harvested every year 

producing about 13 tonnes of dry matter per hectare per year. 

Alternatively agricultural residues such as straw from cereal crop 

production or forest residues are used as feedstocks.  

The feedstocks are baled close to the source and transported to a 

gasification facility.  

Pre-Treatment 

and 

Conversion 

In an entrained flow gasification system the biomass is converted to 

produce a syngas mixture of carbon dioxide (CO2) and hydrogen (H2).  

In the next step, the flue gas will be upgraded to separate and capture 

the CO2 during the pre-combustion system. This may incorporate 

physical absorption process with solvents, solid state removal and 

pressure swing absorption (PSA), catalytic upgrading, plasma treatment 

or a combination and range of methods appropriate to the gas 

composition and desired quality. 

Bioenergy 

Vectors 

The captured CO2 will be separated from the solvent/sorbent, 

compressed, and then transported via pipeline/surface transport/ships to 

its final storage reservoir. The hydrogen-rich syngas will be 

electrochemically converted at high efficiency in a fuel cell to produce 

heat and/or power. Alternatively, the hydrogen-powered fuel cell can also 

be used for transport. 

Research will be undertaken to assess the role of hydrogen for the UK’s 

energy and transport sector, and how this may change over time. 

Bioenergy 

System 

Impacts 

The impacts, benefits and overall sustainability performance of the 

processes will be analysed, including the feedstock sourcing processes, 
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pre-treatment and conversion technologies, and the end-use of hydrogen 

for energy applications, considering displaced fuels in the supply chains.  

Interfaces and synergies between different supply chain activities and 

processes will be explored, including assessing the opportunities and 

challenges of BECCS and hydrogen for climate change mitigation. 

Research will also focus on assessing the economic and societal 

implications (opportunities, risks and barriers) of hydrogen and BECCS, 

including public perception and acceptance of innovations and new 

technologies. 

Policy focus: Land use, net-zero and greenhouse gas removal, and 

technical infrastructure development 
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4.2. Supergen Bioenergy Hub Case Study 2: Biorefinery 

 

Energy crops such as short rotation coppice (eg, willow) are processed through 

the application of ionic liquids as a pre-treatment, followed by fermentation and 

catalysis processes to produce advanced liquid biofuels and value-added 

chemicals. Alternatively, forest residues could be used as feedstock. 

Feedstock 

Short rotation coppice (SRC) willow is grown in the UK over 25-30 year 

rotations and harvested every 3 years, producing about 7-10 tonnes of 

dry matter per hectare per year.  

Alternately, forestry residue resources are collected and mobilised from 

UK-managed forest and woodland areas, and through urban land 

management.  

The feedstocks are chipped close to the source and transported to a 

processing facility. 

Pre-Treatment 

and 

Conversion 

Ionic liquids are used to break down the plant cell structures and 

produce cellulose, which is then enzymatically hydrolysed to produce 

glucose, which is fermented to produce bioethanol. In addition, the 

conversion of the solubilised cellulose to other products via dehydration 

and reduction heterogeneously catalysed processes can lead to the 

production of hydrogen and organic compounds like 

hydroxymethylfurfural (HMF).  

Bioenergy 

Vectors 

The resulting liquid fuels and chemicals may directly replace fossil-based 

alternatives, removing some reliance on fossil fuels. Research will be 

undertaken to assess the UK’s energy and chemical demands, and how 

these may change over time, to provide recommendations of the 

chemical outputs that should be prioritised.  

Bioenergy 

System 

Impacts 

The impacts, benefits and overall sustainability performance of the 

processes will be analysed including the feedstock sourcing processes, 

pre-treatment and conversion technologies, and the end-use of the 

chemicals for energy applications. Interfaces and synergies between 

different supply chain activities and processes will be explored, including 

assessing the opportunities and challenges of biofuels, biochemical and 
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bio-products for the development of a bioeconomy and transformation to 

a low-carbon society. 

Research will also focus on the wider sustainability trade-offs from a 

socioeconomic perspective of the opportunities and risks for the 

development of markets and end-use of different products. 

Policy focus: Land use, green growth and bioeconomy 
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4.3. Supergen Bioenergy Hub Case Study 3: Transport Fuels from Wastes 1 

 

Municipal solid waste (MSW) is collected and processed before a gasification 

conversion process produces syngas. The syngas is upgraded and used to 

produce (a) gaseous transport fuels or (b) the syngas is converted to liquid bio-jet 

fuels through a Fischer-Tropsch process. 

Feedstock 

Household and industry MSW is collected in centralised waste 

management hubs across the UK. Aspects such as availability, 

distribution, infrastructure, logistics, composition and waste hierarchy for 

the allocation of and competing uses for different feedstocks will be 

considered. 

Pre-Treatment 

and 

Conversion 

The organic fraction of MSW is isolated and separated using 

conventional mechanical/physical separation techniques and processed 

using a gasification conversion process to generate a syngas mix.  

As option (a) the syngas is conditioned and via a methanation pathway, 

bio-based methane is produced. This can then be compressed/liquefied 

and potentially processed further to produce a range of transport fuel 

specifications. 

As option (b) the syngas is further processed via a Fischer-Tropsch 

process and processed again to produce a liquid fuel according to 

required specifications for aviation, road transport fuel, etc. 

Bioenergy 

Vectors 

The resulting gaseous and liquid fuels can produce a range of transport 

fuel potentially suitable for upgrading to the specifications for heavy 

goods vehicles (HGVs), shipping and aviation to substitute fossil-based 

fuels and provide blending fuels. Research will be undertaken to assess 

how these fuels balance the UK’s transport energy demands. 
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Bioenergy 

System 

Impacts 

The sustainability implications of sourcing and using MSW from a 

systems perspective and the competition with other sectors in a circular 

economy will be assessed. The role of gaseous fuels for different modes 

of transport (HGVs and shipping) and of Fischer-Tropsch bio-jet fuels will 

be investigated. The biofuels will be compared to alternative low-carbon 

and recycled carbon fuels, to support a better understanding of scale 

and feasibility and related opportunities, risks and barriers in a domestic 

and international context, in particular for aviation and shipping. 

Additionally, the impact for households, councils and other waste-

generating organisations in terms of recycling, waste collection and 

separation will be assessed alongside the role of bioenergy in a circular 

and bio-based economy. 

Policy focus: Waste management/circular economy and decarbonising 

transport (low-carbon fuels, clean maritime and aviation) 
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4.4. Supergen Bioenergy Hub Case Study 4: Transport Fuels from Wastes 2 

 

Municipal solid waste (MSW) is collected and processed and then through a fast 

pyrolysis process, pyrolysis oil is produced that can be used to blend liquid 

transport fuels.  

Feedstock 

Household and industry MSW is collected in centralised waste 

management hubs across the UK. Aspects like availability, distribution, 

infrastructure, logistics, composition and waste hierarchy will be 

considered. 

Pre-Treatment 

and 

Conversion 

The waste materials are mechanically pre-treated in preparation for a 

fast pyrolysis conversion process. Pyrolysis gases are recycled to 

increase the pyrolysis oil product ratio in order to produce a range of 

transport fuel specifications.  

Bioenergy 

Vectors 

The blended transport fuel products will provide drop-in fuels for a range 

of transport modes including for HGVs, shipping and aviation. Research 

will be undertaken to assess how these fuels balance the UK’s transport 

energy demands. 

Bioenergy 

System 

Impacts 

The sustainability implications of sourcing and using MSW from a 

systems perspective and the competition with other sectors in a circular 

economy will be assessed. The role of liquid fuel blends and drop-in 

fuels for different modes of transport (HGVs and shipping) and of 

Fischer-Tropsch bio-jet fuels will be investigated as well as the potential 

synergies associated with co-production of fuels to different 

specifications. The biofuels will be compared to alternative low-carbon 

and recycled carbon fuels to support a better understanding of scale and 

feasibility and related opportunities, risks and barriers. 

Additionally, the impact for households, councils and other waste-

generating organisations in terms of recycling, waste collection and 

separation will be assessed alongside the role of bioenergy in a circular 

and bio-based economy. 
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Policy focus: Waste management/circular economy and decarbonising 

transport (low-carbon fuels and clean maritime) 
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4.5. Supergen Bioenergy Hub Case Study 5: Heat from Food Wastes 

 

Food wastes are collected and processed through catalytic conversion to produce 

hydrogen that can be used to generate heat.  

Feedstock Household and industry food wastes are collected from both local and 

centralised waste management hubs across the UK. 

Pre-Treatment 

and 

Conversion 

Food wastes are processed and through catalytic conversion (eg, gas 

phase steam, dry forming, aqueous phase reforming or catalytic 

pyrolysis), the organic materials are broken down to produce hydrogen 

and carbon monoxide or bio-oil. Some residual solids will be also be 

formed, such as biochar and minerals. 

Bioenergy 

Vectors 

The hydrogen generated may potentially be used as a fuel within local 

applications and/ or through injection to a UK hydrogen fuel grid, as well 

as a stored fuel source to balance the peaks of energy demand. 

Bioenergy 

System 

Impacts 

The sustainability implications of sourcing and using food waste from a 

systems perspective and the competition with other sectors in a bio-

based economy will be assessed. Regional and national scales will be 

considered to understand the opportunities, risks and barriers related to 

the sourcing and use of food waste including strategies for waste 

reduction and other uses of food waste. The demand side focus will be 

on energy security and fuel poverty of remote, off-grid and low-income 

households and the related challenges and cost of renewable energy, as 

well as housing stocks and infrastructure development. 

Policy focus: Community waste strategies, decarbonisation of heat, 

energy security and energy markets 
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4.6. Supergen Bioenergy Hub Case Study 6: Bioelectricity with Carbon 

Capture and Storage (CCS) 

 

Energy crops are grown specifically for the bioenergy sector to generate electricity 

with linked carbon capture and storage technologies for greenhouse gas removal.  

Feedstock 

Short rotation coppice (SRC) willow is grown in the UK over 25-30 year 

rotations and harvested every 3 years, producing about 7-10 tonnes of 

dry matter per hectare per year.  

The biomass is chipped for small-scale and pelletised for large-scale 

power plants close to the source to be transported to a power station. 

Different locations for planting, power plants and CCS infrastructure will 

be considered to understand spatial impacts. 

Pre-Treatment 

and Conversion 

The biomass is combusted in boilers producing steam to power 

turbines to generate electricity. 

After combustion, the flue gas is cleaned and CO2 is separated from 

the flue gas via post combustion capture chemicals, then compressed 

and transported in pipelines to a geological reservoir. 

Bioenergy 

Vectors 

The electricity is fed directly into the UK power grid and the CO2 is 

stored in a geological reservoir. Research will be undertaken to assess 

the role and scale of BECCS for the UK’s energy sector and for its 

climate change targets, also considering scale and timeframe. 

Bioenergy 

System Issues 

The impacts, benefits and overall sustainability performance of the 

processes will be analysed including the production, collection and 

processing processes of the feedstock, BECCS and the end-use of bio-

electricity. The focus will be on the opportunities, risks and barriers of 

BECCS for climate change mitigation, in particular greenhouse gas 

removal. Additionally, bio-electricity and BECCS will be compared to 

the scale and economic, temporal and spatial feasibility of other forms 
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of renewable electricity. The social assessment will investigate the 

public perception and acceptance of BECCS. 

Policy focus: Land use, net-zero target and negative emissions to offset 

hard-to-reduce sectors, energy security and energy markets 

 

4.7. Rationale for Excluding Feedstocks, Processes and Technologies from 

the Supergen Bioenergy Hub Case Studies 

There are further feedstocks and bioenergy processes that are not part of the 

Supergen Bioenergy Hub Case Studies. These are elements of bioenergy research 

that will be acknowledged and considered in the wider Supergen Bioenergy Hub 

framework, for example through projects funded through the Supergen Bioenergy 

Hub’s rapid response research fund. Justifications for not including various 

feedstocks and technologies within the Case Studies include:  

Feedstocks 

Sugar Crops: 

 Sugar crops are not a main energy crop produced in the UK. 

Those that are grown, such as sugar beet, are unlikely to be 

grown in significant volumes. There are also concerns of food-

fuel conflicts and when used for biofuels, indirect land use 

change (ILUC) factors need to be considered.  

 Sugar beet could be a core feedstock for anaerobic digestion – 

a technology not included within the Supergen Bioenergy Hub 

Case Studies.  

Starch Crops: 

 Starch crops such as wheat and potatoes are key food, feed 

and industrial crop commodities produced in the UK. There 

would likely be land use conflicts if these were promoted as 

potential bioenergy feedstocks.  

Oil Crops: 

 Crops such as oilseed rape are key food and feed crop 

commodities produced in the UK. There would likely be land use 

conflicts if these were promoted as potential bioenergy 

feedstocks. 

Photosynthetic 

Micro-organisms 

(algae, bacteria, 

etc): 

 The TRL for bioenergy technologies using these feedstocks is 

low, and it is currently unclear how much these may contribute 

to the future UK energy sector and bioeconomy. 

 Research on algae is largely covered by Algae-UK, funded 

under the Biotechnology and Biological Sciences Research 

Council (BBSRC)’s Networks in Industrial Biotechnology and 

Bioenergy (NIBB) programme. 
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Bioenergy Processes and Technologies 

Anaerobic 

Digestion 

 Anaerobic digestion (AD) is a technology that has been widely 

researched and successfully deployed in the UK.  

 Research on AD is largely covered by the Environmental 

Biotechnology Network (EBNet), funded under BBSRC’s NIBB 

programme. 

 

 

5. Supergen Bioenergy Hub Case Studies – Topic Group 

Research Plans   

The following sections provide detailed topic-specific descriptions of different case 

studies from each Topic Group.  

5.1. Topic Group 1: Resources    

5.1.1. Aims, Objectives and Planned Outcome 

The aim of the Resources Topic Group is to analyse how the UK can balance the 

future feedstock demands of the UK bioenergy sector, looking at how better to utilise 

lower grade land and make crops more resilient to extreme weather events in 

addition to delivering wider ecosystem services. 

The objective is to identify pathways for increasing the feasibility of large-scale 

energy crop productions, and identifying pathways for biomass production to provide 

wider environmental benefits.  

The planned outcome is to provide guidance on how the UK can maximise and 

better match its available feedstocks with bioenergy technologies to deliver 

increased levels of renewable energy and products.  

5.1.2. Relevance of Case Studies 

The Supergen Bioenergy Hub Case Studies cover the full range of UK biomass 

resources that have been widely highlighted as those that represent the greatest 

opportunities for the UK bioenergy sector: UK wastes resources, residues from 

ongoing processes and activities, and dedicated biomass crops produced for the 

bioenergy sector. The work within the Resources TG will focus on highlighting 

pathways to increasing the production and mobilisation of these resources, while 

also providing wider environmental and ecosystem benefits. 

5.1.3.  Potential Challenges and Opportunities 

A key challenge will be establishing baselines for resource availability; for example, 

for the willow and miscanthus case studies, a core question is where they are going 

to be grown. This is very difficult to answer with existing estimates, which vary 

greatly. There is also growing interest in the potential bioenergy opportunities from 
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UK wastes; greater understanding of the availability and spread of UK waste 

resources is necessary to realise these.      

5.2. Topic Group 2:  Pre-Treatment and Conversion   

5.2.1. Aims, Objectives and Planned Outcome 

The aim of the Pre-Treatment and Conversion TG is to develop and validate 

bioenergy technology routes covering a wide range of potential feedstocks and 

vectors. This will enable bioenergy, biofuels, biochemicals and renewable materials 

to be developed within the UK for existing markets and from UK-centric resources, 

stimulating growth and development of the UK bioeconomy and helping the UK 

achieve its renewable energy and decarbonisation targets. 

The objective is to establish the impact (in terms of energy, environment and cost) of 

novel products and their attractiveness against established petrochemical products, 

establishing cost competitiveness within the current market.  

The planned outcome will be an assessment of the performances, costs and 

robustness of each technology option for each conversion in each case study, and 

pathways for potential deployment and integration with the UK existing energy 

system. Exemplar products will be evaluated in relevant cases. Feedstock analysis 

will provide mapping of potential pitfalls and identify technology gaps for future 

research.   

5.2.2. Relevance of Case Studies 

The Supergen Bioenergy Hub Case Studies cover a range of conversion 

technologies (gasification, pre-treatment, fractionation, fermentation, catalytic 

conversion and pyrolysis). This flexibility will help identify opportunities within the 

UK’s bioenergy system for technology implementation and identify gaps requiring 

more defined technological development. By focusing on a range of feedstocks and 

conversion technologies, we can map potential outcomes and possible combinations 

that have not yet been considered. The Case Studies also cover a range of product 

vectors and operation at different scales. Primary energy, fuels and value-added 

products are all considered, and future options for residue valorisation will be 

identified, stimulating future research efforts in the community by providing targets, 

challenges and opportunities. 

5.2.3. Potential Challenges and Opportunities 

The largest challenges revolve around scale-up and validation of these technologies 

at scale. Many of the conversion technologies are at low TRL (1-3 for catalysis, for 

example), which offers opportunities for developmental research, mitigating the risk 

of scale-up failure. Underpinning these conversions is a mix of mid-TRL (4-6) 

conversion technologies (fractionation, gasification) and high-TRL production 

(fermentation), which de-risks our approach. 

Specific challenges where TG 2 research should focus include: 
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 Performance across a wide range of feedstocks to include the variation in the 

feedstock as well as potential poisons within waste feedstocks 

 Performance under scalable conditions (including particle size and impurities) 

and include batch versus continuous processing and conversion 

 Multiple products and separations 

 Integration with existing petrochemical product streams 

 Cost versus petrochemical alternatives. 

5.3. Topic Group 3: Vectors  

5.3.1. Aims, Objectives and Planned Outcome 

The aim of the Vectors TG is to analyse how bioenergy fits within the UK’s wider 

energy network, how it integrates with the UK’s targets to stimulate growth of its 

bioeconomy and how it will contribute towards the UK achieving its renewable 

energy and decarbonisation targets.  

The objective of this theme is to establish the impact (in terms of energy, 

environment and cost) of the use of these routes to supply energy vectors, 

particularly in the context that they will otherwise be supplied by other means and 

might have specific properties (eg, timeliness and location) that are not present in 

alternative routes.  

The targeted outcome is a comprehensive and consistent evaluation of the relative 

merits of using these routes to provide these energy vectors, related energy services 

and products, encompassing a sensitivity analysis of the effect that different future 

contexts might have on these relative merits, and an analysis of the wider 

implications of the impact of the routes on the wider energy system.  

5.3.2. Relevance of Case Studies 

The Case Studies cover five commonly considered bioenergy vectors. Studies 

variously prioritise these vectors based on different objectives, timescales and 

system boundaries; the Case Studies present the opportunity for meaningful study of 

the individual options but also comparison between them. Hydrogen from BECCS 

(via gasification) is potentially the most carbon-negative of the options considered 

and has scope to be deployed at significant scale but presents a relatively lengthy 

and capital-intensive development path. Bio-chemicals and other value-added 

products present options that may be both environmentally and economically 

attractive but are complex and potentially non-homogeneous. Bio-hydrogen injection 

into the gas grid for heating could be deployed relatively quickly (presenting greater 

mitigation of warming relative to later interventions). However, it might not be as 

effective at reducing greenhouse gas emissions in the long term. Fuels for transport 

(especially aviation, shipping and HGVs) are difficult to electrify and so might be 

priority applications for bioenergy. However, in this application, CO2 would still be 

emitted at point of use. Careful selection of boundaries is needed to ensure 
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meaningful comparison with competing uses. Electricity from bioenergy combustion 

is already in operation at commercial scale (albeit with limited CCS). The increased 

prevalence of other renewables such as wind and solar may alter its preferred role 

from baseload, shifting its relative merits and costs. 

5.3.3. Potential Challenges and Opportunities 

The integration of the various sub-systems (from development of supply chains 

through to technology components through to final use of the energy vectors) is 

potentially problematic but presents the opportunity for greater system efficiency and 

environmental performance if synergies (eg, in timing of supply, use of co-products 

such as waste heat from processing, and joint development of supply chains) are 

exploited. Specific challenges where our research should focus include: 

 Establishing/characterising the performance of the complete systems 

 CCS (post-/pre-combustion), gasification, torrefaction, water-gas-shift, 

methanation, etc 

 Grid models and heating storage/demand characteristics 

 Effects of scaling on biomass availability and impacts associated with 

delivering it. 

5.4. Topic Group 4: Systems 

5.4.1. Aims, Objectives and Planned Outcome 

The main objective of the Systems Topic Group is to identify and analyse the wider 

environmental, economic and social sustainability of the Case Studies and of the 

UK’s bioenergy sector and its role in the UK’s low-carbon transition. A 

comprehensive systems analysis will take a bottom-up-approach assessing the 

Supergen Bioenergy Hub Case Studies-related sustainability indicators, the 

synergies between these indicators within each Case Study, the interactions 

between the different Case Studies, and finally the evaluation of the impact of 

bioenergy as part of a wider system considering energy and cross-cutting sectors. 

The systems analysis will consider temporal dynamics in the short, medium and long 

term (2020-2050 period) and spatial relevance for different UK regions and locations 

to identify the opportunities, drivers, risks, barriers, impacts and trade-offs for 

sustainable systems transition.  

5.4.2. Relevance of Case Studies 

The Supergen Bioenergy Hub Case Studies focus on several categories of 

bioenergy feedstocks including wastes, residues and specifically grown resource for 

the bioenergy sector. The varying methods for how these different types of 

feedstocks are grown, harvested, collected and then mobilised will have different 

impacts and benefits from a systems perspective. The Case Studies also focus on a 

range of bioenergy pre-treatment and conversion technologies that each deserves 

research attention to explore how different processes may impact the overall 



29 
 

 

performance of the bioenergy system; for example, assessing each based on the 

themes included within Figure 4: scale of time and deployment, economic feasibility 

and market risks, GHG emissions and climate change impacts, and governance 

frameworks, etc. Investigating a range of target bioenergy vectors and products 

across the Case Studies, including heat, power, transport fuels and chemicals, 

provides an opportunity to explore the different forms of bioenergy that the UK could 

be generating in order to identify the best uses of available UK resources in order to 

deliver low-carbon energy to balance demands. The inclusion of CCS technologies 

will provide interesting dynamics for analyses to explore the extent that the Case 

Studies may potentially provide low-carbon and potentially net-zero or net-negative 

carbon energy compared to other energy sources or systems they might replace.  

Overall, the role and impact of the Case Studies as part of the wider energy system 

and cross-cutting sector will then be evaluated to better understand their 

sustainability implications, synergies and trade-offs with interfacing systems. 

5.4.3. Potential Opportunities and Challenges 

The key challenges for the Systems Topic Group research will be the development 

of an appropriate and coherent assessment framework and methodologies in order 

to provide a comprehensive assessment of the wider impacts of each step and 

process inherent to the Case Studies. With different levels of knowledge, data 

availability and specific characteristics of each pathway, the assessment has to 

provide an approach that allows comparability between the sustainability indicators 

and the Case Studies. It is proposed to achieve this through developing a list of 

sustainability indicators for the UK, evaluating their potential ‘risk factors and 

weightings’ through a stakeholder engagement process (evaluating the likelihood 

that a sustainability impact may occur, and determining the scale of impact that this 

may cause if/when it does).    

This bottom-up approach will provide a systematic assessment with different levels 

of the assessment building upon each other with opportunities to reflect the applied 

methods and revise findings and knowledge. Existing metrics and approaches for the 

sustainability performance and criteria will be reviewed and, where feasible, adopted. 

Additionally, engagement with stakeholders will introduce real-life experience and 

knowledge supporting the assessment of individual sustainability indicators up to the 

analysis of the system dynamics. Existing scenario tools and system models will be 

reviewed to support a better understanding of how the Case Studies can be 

deployed in the future energy and bio-based system including their sustainability, 

feasibility and scale. 

The many nuances attributed to bioenergy mean there are impacts and benefits to 

people, activities, land and the environment that may provide opportunities from 

bioenergy that the research will explore and highlight. As bioenergy links not just with 

the energy sector but with various others, such as agriculture, forestry, waste 

management, transport and biomaterials, the research will consider the interfaces 

between bioenergy and cross-cutting sectors to understand and assess synergies 
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and resulting trade-offs to maximise sustainability benefits and mitigate negative 

impacts in the system’s transition to a low-carbon future. Some of the main 

opportunities and challenges of bioenergy have been identified during the case study 

consultation workshops with environmental (eg, emission reductions, carbon 

sequestration and air quality), technical (eg, capacity building, job creation and 

regional development), societal (eg, perception, awareness, behaviour and 

practices, energy consumption, energy access, energy mix, balancing, flexibility and 

infrastructure), and socio-economic (eg, skills and capability of GHG removal) 

aspects. The variety and different categories of sustainability at the cross-sectoral 

interfaces will require different methodological approaches for a comprehensive 

assessment to allow comparability between the different aspects and Case Studies 

as well as the dynamics of the wider system. 

 

6. Conclusion and Outlook  

The Supergen Bioenergy Hub’s Case Studies and the overall Hub research is 

actively developed and shaped in close collaboration with the research beneficiaries. 

The resulting research focus and strategy helps to ensure that our research delivers 

impact with industrial, policy and societal stakeholders and informs public discourse.  

The selection of the six Supergen Bioenergy Hub Case Studies shows the wide 

range and relevance of different bioenergy pathways and approaches for the UK’s 

energy sector and bioeconomy. While all of the Supergen Bioenergy Hub Case 

Studies address a specific bioenergy system, each of them also offers some 

variation in terms of feedstocks, conversion technology, deployment and application, 

and each generates a set of data that provides transferable scientific knowledge 

useful to other feedstocks or end-uses and benchmark data for exploring impacts or 

other scales, process configurations, costs, etc. Each of the Supergen Bioenergy 

Hub Case Studies is likely to have a specific role in the wider energy system and 

cross-cutting sectors, at different scales, deployment timeframes and impact. Any 

potential variations in the Supergen Bioenergy Hub Case Studies will in theory and in 

real-life application lead to a shift of these roles, scales, timeframes of deployment 

and impacts.  

While the Supergen Bioenergy Hub Case Studies provide only a selection of 

potential bioenergy pathways, they are considered the most relevant to the 

bioenergy sector in the UK, which is dominated by small- and medium-sized 

enterprises with limited capacity and resources to engage with UK research and 

autonomously implement large-scale infrastructure. This means engagement with 

key stakeholders and intermediaries such as trade associations and professional 

bodies is key. It is also important that the Hub fully engages with sustainability 

concerns about bioenergy by listening to key stakeholders, providing impartial 

scientific evidence to support policy development and sustainable deployment, and 

responding to public concerns with scientific evidence. UK bioenergy deployment is 
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significantly affected by international policy, trade and strategy, such as the Paris 

Climate Change Agreement, European feedstock sustainability standards and 

special reports from the Intergovernmental Panel on Climate Change and the 

Committee on Climate Change on land use, biomass and net-zero emissions, and 

the Hub needs to continue to engage with and inform similar exercises in the future. 

Research into the Case Studies will build an important baseline to investigate and 

address some of the key challenges of sustainable, low- and potentially negative-

carbon bioenergy deployment. 
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