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Bioenergy under the Microscope



Sustainability in Policy

International 
➢ UN Sustainable Development Goals

➢ Climate Change Targets

EU Policy 
➢ Renewable Energy Directive (RED) 

➢ Fuel Quality Directive (FQD)

National Policy 

➢ Renewable Transport Fuel Obligation (RTFO)

➢ Renewable Obligation (RO) 

➢ Feed-In Tariffs (FIT)

➢ Renewable Heat Incentive (RHI)

Industry & 

Sectoral 

Regulations 

➢ Waste  

➢ Agriculture

➢ Forestry & Timber

➢ Chemical

➢ Industry 

➢ Construction

➢ Energy

➢ Transport

Cucuzzella C, Welfle A, Röder M, Harmonising GHG and Sustainability Criteria for Low Carbon Transport Fuels and Other Bioenergy Sectors. Supergen Bioenergy Hub Report for the Low 
Carbon Vehicle Partnership. 2020. https://www.supergen-bioenergy.net/wp-content/uploads/2020/11/Harmonising-sustainability-standards-report.pdf

Sustainability Criteria:

• Focussing on the land from which the biomass is 
sourced.

• Biofuels may not be made from raw material 
obtained from land with high biodiversity value or 
land with high carbon stock such as peatland.

Land Criteria:

• Focussing on whole life cycle emissions of bioenergy.
• Bioenergy system should achieve a specified GHG 

emission saving compared to a comparator. 

GHG Emission Criteria:
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Coverage of Sustainability Issues Differs across Schemes:

Welfle A, Holland R, Donnison I, Thornley P. UK Biomass Availability Modelling: Scoping Report. Report for the Department for Transport. Supergen Bioenergy Hub 2020. 
https://www.supergen-bioenergy.net/wp-content/uploads/2020/10/Supergen-Bioenergy-Hub-UK-Biomass-Availability-Modelling-Scoping-Report-Published-Final.pdf

Sustainability in Voluntary Schemes
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Increasing Use of Models within Bioenergy Research

Welfle A, Thornley P, Röder M. A Review of the Role of Bioenergy Modelling in Renewable Energy Research & Policy Development. Biomass and Bioenergy: 2020; 136. 
https://doi.org/10.1016/j.biombioe.2020.105542

Sustainability in Policy Development

Coverage of 
Sustainability Issues 

within Leading Models 
used by Policy Makers: 



Introducing Supergen’s  
Bioeconomy Sustainability 

Indicator Model (BSIM)



Developers: 

❖ UK Supergen Bioenergy Hub researchers at the University of Manchester and Aston 
University. 

❖ Developed following consultation with academia, government, NGO and industry.

Our Aims: 

❖ Develop a research tool that enables assessment and comparison of the sustainability of 
bioenergy systems, feedstocks, technologies or supply chains.

Our Objectives:

❖ Analyse the sustainability credentials of the Supergen Bioenergy Hub projects.

Who is this Relevant for?

❖ Flexibility in the tool will also allow analysis of any bioenergy systems, feedstocks, 
technologies or supply chains.

Supergen’s BSIM



Further Information

Access the Model: 

Open Access via Supergen 

Website:   bit.ly/SBH-BSIM

BSIM Guidance Manual:

Welfle A, Röder M. (2022) Mapping the Sustainability of Bioenergy to Maximise Benefits, Mitigate Risks and Drive Progress toward the 

Sustainable Development Goals. Renewable Energy. Vol. 191 493-509. www.sciencedirect.com/science/article/pii/S0960148122004463

https://bit.ly/SBH-BSIM
https://bit.ly/SBH-BSIM
https://bit.ly/SBH-BSIM
http://www.sciencedirect.com/science/article/pii/S0960148122004463


BSIM Architecture
Sustainability Impacts & Benefits Linked to Activities & Processes along a Bioenergy Value Chain

Biomass 
Feedstock

Biomass & 
Bionergy 

Processing 

Biomass 
Products & 
Bioenergy 

Vectors

Sustainability 
Indicators

Engaged with stakeholders to develop a 
framework for assessing sustainability: 

❖ 4 x Sustainability Categories

❖ 16 x Sustainability Themes

❖ 38 x Sustainability Indicators

❖ 126 x Sustainability Issues

Sustainability Assessment Framework

1

2

3
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BSIM Calculation Mechanics

➢ Indicator Applicability: Yes / No

➢ Sustainability Indicator Assessments:

- Scale of potential sustainability risk

- Scale of potential sustainability benefit

➢ Indicator Weightings:

Sustainability Performance 

Index:
Indicator 

Score
Weighting Sustainability Score



Outputs Generated by the BSIM



Outputs – Sustainability Maps

a) UK MSW 
Biomass 
Resources 

 

b) UK Agri-
Residue 
Biomass 
Resources 

 

c)  UK Energy 
Crop Biomass 
Resources 

 
 



Outputs – Sustainability Dashboard

❖ Sustainability is not a set 
end-destination. There are 
many nuances and trade-
offs. 

❖ Identify areas where 
benefits can be promoted 
& maximised.

❖ Identify areas to target 
actions to mitigate risks. 

❖  Make mature bioenergy 
decisions by considering 
risks against the wider 
benefits that may be 
gained.



Outputs – SDG Mapping



Outputs – SDG Mapping

a) UK MSW Biomass Resources b) UK Agri-Residue Biomass Resources c) UK Energy Crop Biomass Resources 

   

 



Case Studies – Supergen Projects

❖ 16x Case Studies

❖ Broad range of 
feedstocks, 
technologies, 
vectors and 
energy 
demands.

❖ Working with 23 
SBH partners.

❖ UK bioenergy 
sustainability 
trends.

Welfle A, et al. (2023). Sustainability of Bioenergy – Mapping the Risks & Benefits to Inform Future Bioenergy Systems. Biomass & Bioenergy. Under Review  



Biomass-Bioenergy Sustainability Trends
Findings from Assessed Case Studies: 

Energy 
Crops

Forestry 
Residues

Agri-
Residues

Municipal 
Solid 

Wastes

Land

Jobs 

Carbon Stocks

Economics

Infrastructure

Soil

Wider Sectors Efficiencies



Consistent Sustainability Trends

People:

Jobs & Skills / Changes in Income / Partnerships 

/ Energy Access

Development: 

Economy / Energy Sector / Bioeconomy / Land 

Utilisation

Natural Systems: 

Soil / Heavy Metals / Water Systems

Climate Change & Emissions 

Climate Action / Emissions / Replaced Fuels

People: 

Land Management 

Development: 

Infrastructure / Feedstock Mobilisation / Techno-

economics / Efficiencies 

Natural Systems: 

Air Pollutants/ Water Use & Efficiency 

Climate Change & Emissions:

Emissions / Carbon Stocks

Consistent Sustainability Benefits 
Across Case Studies:

Consistent Sustainability Risks 
Across Case Studies:



Sustainability Thoughts

❖‘Sustainability’ is a term used to describe broad ranging themes. Bioenergy’ 

is itself also an extremely broad term. ‘Sustainable bioenergy’ is far from a 

homogenous concept – a problem when developing policy to regulate? 

❖Sustainable bioenergy is a series of trade-offs rather than a ‘green’ 

destination.

❖Current legislation focuses and sets benchmarks for emissions 

performance, carbon and biodiversity. Although sustainability goes far 

beyond these. 

❖There are also no current mechanisms to ensure that potential benefits are 

achieved or maximised? 

❖Would an approach of awarding ‘credit’ across a broader range of 

sustainability indicators in addition to requiring minimum benchmark 

performances be a better way of assessing and regulating sustainability?



Dr. Andrew Welfle
The University of Manchester

andrew.welfle@manchester.ac.uk

       @andrew_welfle

               Andrew Welfle 

Thank you
Do you have any questions?

mailto:andrew.welfle@manchester.ac.uk
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