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Overview

• What are projections of biomass production in the future?
• What does an optimal deployment strategy look like? 
• What is  the reality of deployment currently?
• What determines decisions about deployment?



What are the projections of the likely biomass resource in the future?

UK Primary Energy

• 5 year time steps across a 
number of models. 

• Median values suggest ris ing 
demand out to 2040 then 
reduction. 

• But considerable variation in 
some resource. 

• Waste is  consistent at around 
200 PJ depending on waste 
strategy assumptions. 

• Variation due to sensitivity 
analysis? 

‘UK Biomass Availability Modelling: Scoping Report’ (2023) Supergen. Available at: https://www.supergen-bioenergy.net/output/uk-biomass-availability-modelling-scoping-report/
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How do the currently available models deal with sector specific 
demand and competition?

Competition within the Bioenergy  Sector



How do the currently available models deal with sector specific 
demand and competition?

Resource Competing  Uses

Crop Residues: Animal Feed / Animal Bedding / Compost Industry / Construction Materials / 
Agricultural Production Processes

Animal Wastes: Agricultural Production Processes

Forestry Products:
Competing uses linked to the wood product industry:
Sawmills / Panel Industry / Pulp & Paper Industry etc. 

Wastes:
Competing waste management practices along the waste hierarchy: 

Composting / Reuse / Recycling / Existing Energy Applications 

Land: Food Production / Conservation / Buildings & Infrastructure / Alternative 
Uses

Competition with Wider Sectors



Holland RA, Scott K, Hinton ED, Austen MC, Barrett J, Beaumont N, et al. Bridging the 
gap between energy and the environment. Energy Policy. 2016, 92:181–9.

• Interactions between 
energy system and 
natural capital. 

• Already considered in 
terms of climate 
regulation. 

• Incorporating other 
environmental benefits  
could influence 
desirability of energy 
options.

Rationale



Holland RA, Eigenbrod F, Muggeridge A, Brown G, Clarke D, Taylor G. A 
synthesis  of the ecosystem services  impact of second generation bioenergy 
crop production. Renewable and Sustainable Energy Reviews. 2015 46:30–40.

• Literature review of 
20,000 refs.

• Conversion to 2nd 
generation 
feedstocks

• Limited evidence in 
most cases for most 
ecosystem services

Biomass Sustainability and Land-Use



Spatial context matters: How the deployment of renewable energy will 
impact nature and society

Non-Market (External) Costs

Pollinat ionFlooding

W ater qualityVisual amenity

Recreat ion

Market (Financial) Costs
Const ruct ion Transmission Opportunity cost

Transport CCS Netw ork

Other Food Biodiversity

Delafield, G. et al. (2023) ‘Spatial context matters : Assessing how future renewable energy pathways will impact nature and society’, Renewable Energy, p. 119385. 
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Spatial context matters: How the deployment of renewable energy will 
impact nature and society

• Difference in soil carbon emissions under free market 
and natural capital approaches. 

• Free market approach undermines assumed benefits  
of renewable technologies. 

• Carbon is  often primary driver. 
• Social cost of pathway is  reduced from £93.5 to £68.8 

billion – benefit of £24.7 billion. 

Delafield, G. et al. (2023) ‘The Financial and Environmental Consequences  of Renewable Energy Exclusion Zones’, Environmental and Resource Economics, pp. 1–30.



Implication of exclusions zones on deployment
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Implication of exclusions zones on deployment

• Solar and wind have net positive 
non-market costs  associated with 
them.

• This contrasts  with Bioenergy – 
net negative costs  (i.e. benefits). 



Landscape Context

• 2nd Generation bioenergy crops have a 
substantial role to play in UK energy futures

• Expansion of bioenergy crops by 23,000 hectares 
per annum out to 2050 – 

• Total of between 0.7-1.2 million hectares from 
baseline of 10,000 hectares.

• Deployment constrained to desirable locations



Historic pattern of deployment in the context of environmental and 
socioeconomic constraints. 

• Analysis  centered on 
each of 53 bioenergy 
plants  in UK. 

• 40 were no better or 
worse than random in 
terms of overlap with 
constraints. 

• 4 were worse and 9 
were better.  



Prediction of likely future conversion patterns based on environmental 
and socioeconomic constraints. 

• Machine learning – probability of field conversion
• Agronomic  characte ris tics  – topsoil water capacity, soil texture. 
• Morphologica l characte ris tics  – shape of field and access for 

machinery – Field complexity measure, s lope, area, perimeter, 
altitude

• Practica l cons idera tions  – distance to nearest energy plant, 
s inuosity of roads. 

• Climate  – decadal averages (2005-2014) for min temperature, 
max temperature and rainfall. 



• Based on 1817 fields that 
applied for ECS and 1817 
randomly selected sites. 

• Achieved 81% classification 
accuracy from the random 
forest models.

Prediction of likely future conversion patterns based on environmental 
and socioeconomic constraints. 



Prediction of likely future conversion patterns based on environmental 
and socioeconomic constraints.

• Partial dependence plots  
consider individual drivers  
across the measured factors.



• This can be 
converted into a 
probability map. 
Here probability 
for individual 
fields is  
aggregated to 
10km squares for 
visualization. 

Prediction of likely future conversion patterns based on environmental 
and socioeconomic constraints.



Possible future deployment 
pattern based on;
• Target of 700,000 ha
• Given current climate
• Given current location of 

bioenergy plants. 

Prediction of likely future conversion patterns based on environmental 
and socioeconomic constraints.



• Screened 2364 papers 
• Identified 12 addressing recreation or 

landscape aesthetics. 
• Mix of quantitative and qualitative 

approaches.
• Results  were highly context specific. 

Bioenergy within the landscape

Donnison C., et al. Land-use change from food to energy: meta-analysis unravels effects of bioenergy on biodiversity and cultural ecosystem services. Environmental Research Letters. 
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Bioenergy within the landscape



• Number of crop types recorded
• Over 9 year period. 
• Centred on River Test catchment.
• Patterns of change driven by 

proximity to rivers!

Bioenergy within the landscape



Conclusion

• What does an optimal deployment strategy look like? 
• What is  the reality of deployment currently?
• What determines decisions about deployment?



Email: rah1r11@soton.ac.ukEmail: rah1r11@soton.ac.uk



Solar farm

Wind farm

Bioenergy power station

Bioenergy crop

Spatial context matters: How the deployment of renewable energy will impact 
nature and society

Methods
 High spatial resolution energy 

location model
 Includes both financial and 

ecosystem service costs
 Determines least-cost locations 

for solar, wind and bioenergy

Financial costs  

Ecosystem service costs

PollinationFlooding

Water qualityVisual amenity

Construction Grid connection Land

TransportO&M

Findings
Spatial energy modelling can show:
1. Where to build infrastructure to 

minimise costs.
2. How the spatial context of 

infrastructure influences the 
impact on the environment.

3. How adverse impacts  on the 
natural environment can be 
avoided and co-benefits  realised.

Spatial modelling allows the s ca le  of 
land use  change  as soc ia ted with 
future  energy s cenarios  to be 
visualised to inform decision-making.

Allocating energy infrastructure to minimise financial + 
ecosystem service costs



Implication of exclusions zones on deployment
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