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Biomass energy: “‘confident’ renewables: the 

technical uncertainties are small and the costs not 

prohibitive” (Grubb 1990, p.533)

“Biofuels could be a relatively easy and important 

carbon-neutral additive to petrol for transport” 

(Mitchell and Connor 2004, p.1942)

Biofuels: “Carbon savers” (Friends of the Earth 

2005); offer “carbon reductions (Greenpeace 

2003)







Algae



Global Bioenergy Regulatory instruments

Based on IRENA 2016 data

http://www.iea.org/policiesandmeasures/renewableenergy/



IRENA, 2015

Bioenergy is the largest global source of 
renewable energy, and contributes an 
estimated 10% of global primary energy 
production, in particular as a direct source of 
industrial and domestic heat.

Bioenergy total = 2991 



World Mapper: GHGs

http://www.worldmapper.org/



World Mapper: Fuel imports

http://www.worldmapper.org/



World Mapper: Fuel exports

http://www.worldmapper.org/



World Mapper: Biocapacity

http://www.worldmapper.org/



IRENA, 2014

Development of global biomass use



Global ethanol production (2007 – 2013)

IRENA, 2014



Global biodiesel production (2006 – 2013)

IRENA, 2014



Proposed breakdown of total biomass demand 
(2030)

IRENA, 2014
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Market Overview

Nearly 80 biomethane facilities now 
operating in the UK.

In 2012 there was only 1.

Geographically spread across the country.

Demonstrates the importance in assessing 
the policies that have led to this development 
and what the implications are going forward. 

Biomethane – Market Overview



Biomethane development 2010-2015

• Rapid development in last 5 years, particularly in the agricultural sector 

Biomethane development 2010 – 2015



RO

GHG criteria

April 2014

Land criteria

April 2015

Mostly solid 
biomass

No proposals 
to restrict 
crop use

RHI

GHG criteria

Oct 2015

Land criteria 

Oct 2015

2016 
consultation

Limits on 
crop use for 

new sites

FIT

Proposed for 
new sites

Limits on 
crop use for 

new sites

Unlikely to 
affect many 

sites

2016 
consultation

Sustainability Criteria 
introduced – all 
biomethane facilities need 
to meet strict GHG criteria.

Some methodological 
issues with the GHG 
criteria

Some policy anomalies 
exist, particularly between 
different support schemes 
and the fossil fuel 
comparator. 

Sustainability Criteria – Key Points



Fossil Fuel Comparator

• Both RO and RHI require 60% GHG savings
• RO: 79.2g CO2 eq/MJ electricity

• RHI: 34.8gCO2 eq/MJ biomethane

• 60% GHG saving compared with fossil criteria



Biomass Sustainability 

Criteria

Severely limits what feedstocks can 

be used and how AD plants are 

operated.

GHG measurement and mitigation 

now crucial for future of biomethane.

RHI Consultation

• Limits use of crops (50%)

• Introduces concept of 

‘carbon cost effectiveness’

FIT Consultation

• Introduces BSC for FIT

• Same proposals as the 

RHI

3rd March 2016
26th May 2016

Restrictions on the use of crops

Change of focus: from “how much renewable energy can we produce” to “how many tonnes of carbon can we save”
How we account for that is therefore key



• Recent study between Rothamsted and Bath assessed the use of Miscanthus as an alternative feedstock for 
anaerobic digestion.

• Miscanthus offers potential for GHG savings in comparison to maize, however it requires more land due to 
lower biogas yields.

• Additional benefits of Miscanthus may include soil carbon sequestration

Alternatives to Annual Crops



Typical emissions from biomethane

• A review of GHG emissions from 8 crop-based biomethane facilities shows that emissions from fertiliser use and 
methane loss are the largest sources, but they are also the most uncertain due to difficulties in measurement. 

• More research is therefore required on these emission sources. 
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• Field trials conducted on 4 biogas sites

• Developing suggested methodology for biomethane operators and an industry best-practice guideline 

Methane emissions measurement



• Completed methane leakage measurements at 4 sites in the UK

• Biomethane facility using agricultural crops

• Small-scale farm biogas CHP 

• Measurements taken at source point at all accessible points across each site

• First study of its kind undertake in the UK – has generated interest in policy / industry

• Food processing waste electricity

• Large-scale sewage treatment electricity

Stage of Production
% loss of total 

production

Biogas production 0.63

CHP engine ^ 2.76

Biogas upgrading * 0.71

Biomass sustainability criteria " 0.24

 ̂CHP engine outside scope of sustainability criteria

* only 1 biomethane site

" includes upgrading but digestate storage and CHP 

exhaust outside reporting scope

Methane emission measurement
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Scenario 

Biogas upgrading - other

Biogas upgrading - methane slip

Biogas Production

Silage - production & transport

Harvesting - diesel

Cultivation - diesel

Pesticides

Soil N2O emissions

Fertiliser Production

Seed

1 %

0 %

34.8 – current GHG threshold

27.5 – possible future GHG threshold?

• Anything over the GHG threshold will not receive RHI payment

• In future, the threshold may reduce to comparison with natural gas or LNG which would be lower

• Hence managing methane slip from upgrading offers a way to reduce GHG emissions

GHG Results – Biomethane (Maize)



• How farmers manage their land is crucial to the relative impact of cultivating energy crops.

• Ongoing work in collaboration with Bath, Future Biogas and Bangor is assessing how crop 
rotations play a role in optimising land use to minimise environmental impacts.

jan feb mar april may june july aug sept oct nov dec

1st year w/wheat 1/2 fallow

2nd year fallow s/veg s/veg s/veg s/veg s/veg s/veg s/veg

3rd year s/veg s/veg fallow w/rape

4th year w/rape w/barley

5th year w/barley sugar beet

6th year sugar beet w/wheat or fallow (50/50)

7th year w/wheat or fallow (50/50) w/wheat 1/2

8th (1st) w/wheat 2 fallow

1st quarter 2nd quarter 3rd quarter 4th quarter

jan feb mar april may june july aug sept oct nov dec

1st year w/wheat 1 fallow

2nd year fallow s/veg s/veg s/veg s/veg s/veg s/veg s/veg

3rd year s/veg s/veg fallow maize w/rye

4th year w/rye w/rape

5th year w/rape w/barley

6th year w/barley sugar beet

7th year sugar beet

8th year(1st) maize w/wheat 1

AD ENERGY ROTATION (AFTER, OPTIMISED)

BASELINE ROTATION (BEFORE)
1st quarter 2nd quarter 3rd quarter 4th quarter

Crop rotations and land use change



Aims & ObjectivesCase studies:

1) Comparative LCA of Torrefied Pellets with Conventional Wood 
Pellets

2) Torrefaction of North American Pine and life cycle GHG 
emissions

Future work:

Comparison of torrefied briquettes with alternative biomass 
feedstocks for domestic use

Torrefaction: case studies



“Whole system” approach to 
evaluating Torrefaction

Adams, P.W.R., Shirley, J.E.J. & McManus, M.C., 2015

Torrefaction integrated assessment



Parameter Wood Chips Wood Pellets 

(WP)

Torrefied 

Wood

Torrefied 

Pellets (TP)

Coal

Moisture content 

(MC) (wt.%)

30-50 7-10 3 1-5 10-15

Lower Calorific 

Value (CV) 

(MJ/kg)

9-12 15-16 19-23 20-24 23-28

Bulk Density 

(kg/m3)

250-300 550-700 180-300 750-850 800-850

Grindability 

(kWh/t)

237 237 23-78 23-78 12

Hygroscopic 

nature

Hydrophilic Hydrophilic Hydrophobic Hydrophobic Hydrophobic

Biological 

Degradation

Yes Yes No No No

Milling 

Requirements

Special Special Classic Classic Classic

Adams, P.W.R., Shirley, J.E.J. & McManus, M.C., 2015

Physical properties



System Boundary
System boundary

Adams, P.W.R., Shirley, J.E.J. & McManus, M.C., 2015



Climate change impacts (gCO2e per MJ) delivered of TP/WP 

bioenergy chains for varying biomass drying requirements Adams, P.W.R., Shirley, J.E.J. & McManus, M.C., 2015

Torrefied Pellets – GHG results



• Experimental work on the torrefaction of North American Pine at four different torrefaction conditions: 250^C 
(30 mins), 270^C (30 mins), 270^C (60 mins), 290^C (30 mins)

• Modelled torrefaction supply chain against conventional wood pellets imported from North America

• Used LCA to model GHG emissions and calculate in accordance with RED methodology

McNamee, P., Adams, P.W., McManus, M.C., Dooley, B., Darvell, 
L. I., Williams, A. & Jones, J. M. , 2016

North American Pine Torrefaction



Greenhouse gas (GHG) emissions per MJ of electricity delivered for 4 different torrefied 

pellets (TP) and conventional wood pellets (WP) using wood chips (WC) or natural gas (NG) 

as utility fuel. *For wood pellets = drying only

Greenhouse Gas Emissions



Conclusions

• Can have GHG benefits; but optimal solutions need to be found in 
every situation

• A global view is required

• Consequential life cycle thinking benefits engineering, scientists, 
policy makers and industrialists

• Thanks to: SERT team, especially Paul Adams.


