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The REA Bioenergy Strategy Project

The REA is leading an industry wide strategy paper for bioenergy in the UK, which we 
bel ieve is t imely due to:
 
	 • 	 The rapidly evolv ing UK and internat ional  perspect ive on bioenergy 
	
	 •	 I ts cr i t ical  role in the UK renewable energy scene now and potent ia l ly  in 	
		  the future
 
	 •	 The absence of an up-to-date UK government strategy for bioenergy or 		
		  p lans to develop one.

Objective

The object ive of  th is work is to provide an industry led perspect ive on:

	 •	 The current contr ibut ion of bioenergy to UK energy supply and demand, 	
		  including looking at the benef i ts that th is br ings

	 •	 An appreciat ion of  the strengths of  the current UK bioenergy industry and 	
		  i ts capabi l i t ies

	 •	 To ident i fy the barr iers,  including those related to pol icy and regulat ion,  	
		  which are holding back more rapid deployment

	 •	 To develop the v is ion of what the sector could provide (by 2032) and 		
		  how this could help UK pol icy object ives relat ing to environment,  energy 	
		  secur i ty and to economic development

	 •	 The act ions needed to del iver the v is ion, including what pol icy and 		
		  regulatory f ramework would be needed to al low industry to del iver th is 		
		  future,  a long with the complementary act ions by government,  or other 		
		  p layers,  that would help del iver i t .  For example,  investment in 			 
		  research, design and demonstrat ion (R,D&D),  removal  of  specif ic 			 
		  regulatory barr iers and support ing  f inance, amongst further proposals.

 
The project wi l l  examine bioenergy as a whole,  and wi l l  consider the current and 
potent ia l  contr ibut ions from bioenergy to electr ic i ty,  heat and transport ,  and in the 
context of  the development of  a sustainable bioeconomy.
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Consultation

In order to ensure that the strategy is based on the act ive engagement of  key 
stakeholders the fol lowing groups have been const i tuted:

	 •	 An  advisory group made up of senior REA off ic ia ls and industr ia l  decis ion 	
		  makers who can represent the main sectoral  interests,  a long with experts/ 	
		  inf luencers from academia/consult ing backgrounds and including key 		
		  government off ic ia ls as observers

	 •	 A number of  smal l  working groups of industry players to provide more 		
		  detai led information and views for each of the main sectors. 

As the strategy develops the work wi l l  a lso be discussed more widely with industry 
representat ives v ia consultat ive workshops. The REA have also launched a cal l  for 
evidence via their  website to enable a broad range of stakeholders to contr ibute their 
v iews.1 

Work Plan

In order to meet the object ives and scope above, the work project is organised into 
three main phases which are:

	 •	 Phase 1  – a review of the current status and trends in bioenergy in the UK, 	
		  cover ing;

		  • 	 Trends in the deployment of  bioenergy;
		  • 	 The benef i ts of  current bioenergy deployment in the UK in terms 		
			   of  impact on the environment,  energy secur i ty and the economy 		
			   ( including jobs)  and in developing  industry strengths and 			 
			   capabi l i t ies that wi l l  be needed in the future
		  • 	 A review of the current pol icy and regulatory f ramework and the 		
			   extent to which this is holding back further deployment.

	 •	 Phase 2  – wi l l  develop a v is ion of bioenergy for the future with a focus 		
		  on the contr ibut ion that can be made by 2032 the end of the 5th carbon 	
		  budget account ing per iod. This wi l l :

		  • 	 Consider current perceived role of  bioenergy in future UK low carbon 	
			   energy mix as descr ibed in government scenar ios and plans
		  • 	 Review these to look at the impl icat ions for sector development in 	
			   the medium to long term (2032 to 2050) 
		  • 	 Ident i fy other opportunit ies  for  greater bioenergy contr ibut ion in the 	
			   medium term which can lead to immediate benef i ts or provide 		
			   insurance against the non-del ivery of  other technologies
		  • 	 Ident i fy potent ia l ,  costs and benef i ts of  addit ional  opt ions
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	 •	 Phase 3  – wi l l  develop an industry v iew of the key act ions by the main 		
		  actors to al low the vis ion to be achieved. This wi l l  include 				  
		  recommendat ions for: 

		  • 	 Pol icy and regulatory measures 
		  • 	 R,D&D pr ior i t ies
		  • 	 Other act ions relat ing to industry and to the f inance sector,  i f  		
			   appropr iate

The aim is to complete the necessary work in order to al low publ icat ion of  the report 
later th is year.

For each of the three phases, a working paper wi l l  be produced, summaris ing the 
information and analysis provided by stakeholders.  A summary of  each paper wi l l  a lso 
be publ ished via the REA website.  These papers wi l l  form the basis for the f inal  report 
f rom the project – a strategic document aimed at decis ion makers in government and 
industry.

Bioenergy Strategy Vision – Executive Summary

	 Key messages

	 •	 Bioenergy is required to meet the UK’s legal ly binding carbon budgets 	
		  and real ise Net-Zero by 2050
		
		  This report  demonstrates that the role of  bioenergy could be sustainably 	
		  increased by a factor of  2.5 in the UK by 2032.  Bioenergy deployment 		
		  across power,  heat and transport  could address two-thirds of  the 			
		  Committee on Cl imate Changes (CCC) projected shortfa l l  in carbon 		
		  reduct ions required to meet the legal ly binding 5th Carbon Budget and 		
		  is  essent ia l  i f  the Government is to meet the CCC’s recommended target 	
		  for  net zero emissions by 2050. 

	 •	 Bioenergy del ivers energy security,  mit igat ing future strain on the 		
		  e lectr icity system
	
		  Increasing levels of  Biomass Power and using bioenergy to contr ibute to 	
		  heat ing and transport ,  s imultaneously decarbonises the electr ic i ty gr id 		
		  and reduces electr ic i ty demand al lowing the UK to address the perceived 
		  ‘nuclear gap’ left  by recent ly shelved nuclear power projects.

	 •	 Bioenergy del ivers most immediate and affordable route to carbon 		
		  reductions in heat and transport sectors

		  In the heat and transport  sectors,  bioenergy is the cheapest and most 		
		  technological ly avai lable route to immediate carbon reduct ions, whi le 		
		  a lso providing a pathway to development and commercial  deployment 		
		  of  future technologies,  a l l  of  which wi l l  be needed to meet the levels of  		
		  decarbonisat ion required.
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Bioenergy and the UK’s Low Carbon Strategy

The UK is committed to the development of  a low carbon economy, with a target to 
reduce green-house gas (GHG) emissions by 80% by 2050. A recommendat ion by the 
Committee on Cl imate Change (CCC) to adopt a net-zero emission target for 2050 
is current ly under considerat ion.  So far,  the UK has met i ts inter im carbon budgets, 
but the CCC warns that the targets embodied in the 4th and 5th carbon budgets are 
unl ikely to be achieved.

The UK decarbonisat ion strategy, as set out in the Clean Growth Strategy, re l ies 
heavi ly on increased electr i f icat ion of  the energy system, including for heat ing and 
transport .  A four-fold increase in low carbon electr ic i ty generat ion would be needed in 
the CCC’s net-zero carbon scenar io.There are some r isks to this approach, part icular ly 
the pract ical i ty and cost of  expanding the transmission and distr ibut ion system to meet 
increasingly seasonal  loads associated with heat ing.
 
This concern is being exacerbated by the fact that the planned nuclear project pipel ine 
looks unl ikely to be del ivered on t ime consider ing the cancel lat ion of  at  least three 
projects,  leaving a s igni f icant shortfa l l  in the UK’s low carbon generat ion portfol io. 

Bioenergy is ready to help the UK meet its targets and mit igate these del ivery 
r isks. 

Bioenergy can reduce the electr ic i ty generat ion and distr ibut ion infrastructure needs in 
a low carbon economy by providing a substant ia l ly  larger contr ibut ion to heat ing needs 
for bui ld ings and industry,  both direct ly and via heat networks.  I t  wi l l  p lay a part icular 
role in providing heat ing in off-gas gr id propert ies and those where heat ing via heat 
pumps is l ikely to be most chal lenging. Whi le I t  can also provide low carbon suppl ies 
of  gas into the gas network,  a l lowing cont inued use of th is infrastructure in a low 
carbon scenar io. 

In the transport  sector biofuels can provide immediate GHG savings in road 
transport  using exist ing vehicles and infrastructure,  without in any way impeding the 
development of  e lectr ic vehicles as the technologies and infrastructure develops. They 
can also offer  a long-term low carbon solut ion for commercial  vehicles,  compatible 
with local  c lean air  requirements using biomethane and a low carbon al ternat ive for the 
aviat ion and shipping sectors,  which are hard to decarbonise in other ways.

Bioenergy for power generat ion can provide an al ternat ive to nuclear as a low carbon, 
dispatchable source of e lectr ic i ty,  with lower costs of  power generat ion than nuclear. 
Capacity can be bui l t  more quickly (with potent ia l ly  3 GW onl ine by 2032) and be 
funded by the pr ivate sector whi le avoiding the long-term sustainabi l i ty issues 
associated with nuclear waste storage. Bioelectr ic i ty generat ion can also be l inked to 
carbon capture and use or storage (CCUS),  thereby providing a “negat ive emission” 
technology l ikely to be needed in very low carbon scenar ios.
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The effect ive deployment of  Bioenergy in heat,  power and transport  a lso provides a 
market pul l  that st imulate GHG savings in non-energy sectors through improved waste 
management pract ices including the move away from landf i l l ,  better agr icultural  waste 
management and the st imulat ion of  improved forestry pract ices.

What’s more,  looking further ahead, i f  the Government fol lows the CCC’s 
recommendat ion that the UK should set a Net Zero Emissions target by 2050, bioenergy 
wi l l  p lay a key role in i ts atta inment,  especial ly through the deployment of  bioenergy 
systems l inked to CCUS. This wi l l  pave the way for large-scale deployment of  these 
technologies after  2032, l inked to the product ion of biomethane, advanced biofuels 
(e.g.  aviat ion fuels) ,  and hydrogen.

Bioenergy – Vision to 2032

This report  const i tutes phase two of the REA Bioenergy Strategy, within i t  a 
quant i tat ive v is ion of the role that bioenergy could play in the UK by 2032 has been 
developed. The approach adopted takes account of  factors such as the volume of 
biomass resources avai lable whi le respect ing sustainabi l i ty cr i ter ia and the rate 
at  which markets could real ist ical ly be developed. I t  uses a mix of  establ ished 
and commercial ly avai lable technologies and some technologies st i l l  at  an ear l ier 
development stage, including some that are l ikely to be signi f icant ly deployed only 
after  2032 (notably those associated with bioenergy with CCUS).

The vis ion recognises that the on-si te use of residues or wastes at  the point of 
product ion is preferable when possible as the most economic, energy and carbon 
eff ic ient.  This is because associated transport  costs and emissions are avoided. The 
vis ion also recognises that the most eff ic ient use of biomass from a GHG perspect ive 
is in the direct product ion of heat with a conversion eff ic iency equivalent to fossi l  fuels 
(approaching 90%). 

The ways in which bioenergy are used may change over t ime, as new bioenergy 
technologies mature and as the overal l  energy system becomes less GHG intensive. 
However,  the technologies that wi l l  enable some of the low carbon bioenergy opt ions 
are not as yet technical ly proven and commercial ised, including the large-scale thermal 
gasi f icat ion of  biomass to produce biomethane and the product ion of biofuels for 
aviat ion.  There are very few examples of  bioenergy product ion with CCS global ly,  even 
at a pi lot  scale,  a l though a handful  are using – rather than stor ing-captured CO2.
Rather than do nothing unt i l  these solut ions are avai lable,  the approach proposed here 
is to deploy bioenergy as soon as pract icable using technologies that are avai lable now 
so long as they are low cost and provide GHG and other co-benef i ts.
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This approach wi l l :

	 	 • 	 Lead to immediate GHG, economic and other benef i ts

	 	 • 	 Develop nat ional  and internat ional  supply chains that wi l l  be needed 	
			   to support  any large-scale use of bioenergy in the future (and which 	
			   wi l l  take some t ime to evolve) and maintain and develop UK expert ise 	
			   in bioenergy

	 	 • 	 Provide opportunit ies to develop projects which serve as stepping-	
			   stones along the roadmap towards the longer-term opt ions (e.g by 	
			   providing in i t ia l  market opportunit ies for biomass gasi f icat ion or for 	
			   projects associated with carbon capture and use)

	 	 • 	 Provide insurance against delays or longer-term problems in 	 	
			   deploying the new technical  opt ions 

Increased Contribution to UK Energy Supply

The vis ion ident i f ies opportunit ies to expand the role of  bioenergy for heat ing, 
t ransport  and electr ic i ty generat ion based both in technologies avai lable now and 
those which can play a s igni f icant role by 2032. The vis ion for the contr ibut ion of 
bioenergy is summarised in Table 1

Table 1 •	 Bioenergy vision to 2032 – summary of contributions   

			         Contr ibution to UK Energy Supply PJ
					      
       

 

  
 

2020 2026 2032

Heat 159 219 376

Transport 42 167 261

Electr ic i ty 121 144 205

Total 323 530 843
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Overal l ,  the role of bioenergy is increased by more than 60% between 2020 and 
2026 and by a factor of over 2.5 by 2032 .  Growth is targeted part icular ly at  the heat 
and transport  sectors,  where bioenergy can play a unique role in decarbonisat ion 
efforts.

The overal l  share of bioenergy in f inal  energy demand rises from 5.5% in 2020 to 
9.5% in 2026 and nearly 15% in 2032 .  The role of  bioenergy r ises in each of the main 
sectors:

	 	 • 	 In providing heat for homes businesses and industry energy, the 	 	
			   share r ises from 6.6% in 2020 to near ly 10% by 2026 and 16.3% 		
			   in 2032

	 	 • 	 In t ransport  bio energy grows from below 2% in 2020 to over 7% 	 	
			   in 2026 and near ly 12% in 2032

	 	 • 	 Bioelectr ic i ty r ises from 11% in 2020, to 13.5% in 2026 and over 	 	
	 	 	 17% by 2032 

The vis ion also includes the demonstrat ion of  carbon capture and use or storage at a 
s igni f icant scale,  laying the basis for expansion of these technologies post 2032

Biomass Resources

Meeting these levels would make ful l  use of  the potent ia l  feedstocks from residues 
and wastes that are avai lable or that could be developed within the UK. In addit ion 
the strategy rel ies on the deployment of  markets for energy crops – “dry” cel lu losic 
crops such as miscanthus and short  rotat ion coppice, and crops suitable for 
digest ion. An act ive programme wi l l  be required to develop the necessary suppl ies and 
infrastructure.
 
Addit ional  imported resouces would be required, notably sol id biomass pel lets for large 
scale power generat ion where the volumes imported would need to double to around 
400 PJ. Addit ional  l iquid biofuels for t ransport  would need to come from internat ional 
markets (between 100 and 150 PJ, depending on the volumes avai lable f rom the UK) 
but in industry’s v iew, the necessary mater ia ls could be procured whi lst  st i l l  respect ing 
str ingent sustainabi l i ty cr i ter ia.
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Benefits

Developing the use of bioenergy in this way would s igni f icant ly increase i ts 
environmental  and economic benef i ts.

	 	 • 	 The implementat ion of the proposed vis ion and strategy could play 	
			   a major role in reducing the CCC’s predicted emissions overshoot 	
			   of  10-65 MTCO2e for the end of the 4th and 5th carbon account ing 	
			   per iod, with total  reduct ion in GHG emissions due to fossi l  fuel  		
			   replacement amounts to some 41 MTCO2e in 2026 and to 65 		
			   MTCO2e in 2032. A further 23 MTCO2e, could be saved by 2032, 		
			   due to CCUS of CO2 separated from bioenergy processes
			   (exist ing processes and newly instal led capacity with purposed 		
			   designed capture systems)

	 	 • 	 The deployment would contr ibute an addit ional  215 PJ (60 TWh) 	 	
			   to the supply of  heat in the UK without cal l ing on the electr ic i ty 		
			   supply and distr ibut ion system. The addit ional  bioelectr ic i ty 		
	 	 	 generated would amount to some 57 TWh. Taken together these 	 	
			   two contr ibut ions reduce the need for other low carbon generat ion 	
			   needed to supply the growing demands for heat,  t ransport  and other 	
	 	 	 uses by 117 TWh – more than enough to close the predicted “nuclear 	
	 	 	 gap” of  72 TWh

	 	 • 	 The increase in deployment is l ikely to increase the number of  jobs 	
			   associated with bioenergy in the UK to over 80,000 by 2026 and over 	
			   100,000 by 2032

Next Steps

Such a v is ion wi l l  only be real ised with a support ive pol icy and regulatory f ramework, 
which provides long-term conf idence to investors whi le sett ing str ict  standards for 
sustainabi l i ty management.  The CCC point out that such a pol icy and regulatory 
f ramework is required for the whole of  the UK low carbon strategy, and is part icular ly 
the case for bioenergy.
 
Progress in bioenergy in the UK over the last  ten years has been st imulated by a 
number of  support ive pol icy measures,  but they have now either been progressively 
removed or are now coming to an end.  This is creat ing a growing pol icy gap which is 
inhibi t ing further development and investment.

A new pol icy f ramework is urgent ly needed which ref lects the increased matur i ty and 
improved cost effect iveness of a number of  bioenergy sectors,  whi le a lso recognis ing 
the need to support  the emergence of a further range of technology solut ions which 
can play a role in increasingly chal lenging carbon targets.  In the third and f inal 
phase of th is project a set of  proposals for such an appropr iate pol icy and regulatory 
f ramework wi l l  be developed in discussion with industry and Government,  a long with a 
set of  further act ions which wi l l  be required to del iver the v is ion set out here.
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	 1. 	 Introduction

The important role of  bioenergy today and in future sustainable low carbon scenar ios 
is wel l  recognised. Bioenergy makes the largest contr ibut ion to global  f inal  energy 
demand of any renewable energy technology (more than f ive t imes that of  wind and 
solar combined) and is the only renewable technology so far  making an important 
contr ibut ion in the heat ing and transport  sectors ( IEA 2018a).

Bioenergy can del iver low carbon energy using technologies and fuels which are wel l 
establ ished and ful ly commercial ised, and which are compatible with current energy 
infrastructure and the devices that use this energy to produce heat,  e lectr ic i ty and 
transport  fuels.   I t  a lso provides some of the lowest-cost low carbon solut ions for 
each sector.  A range of other conversion technologies are st i l l  at  the development, 
demonstrat ion and commercial isat ion stages, a long with a number of  ways in which 
the suppl ies of  bioenergy feedstocks can be boosted, whi le respect ing sustainabi l i ty 
concerns ( IEA 2017).

However,  bioenergy is a compl icated subject,  with many possible combinat ions of 
feedstocks, conversion technologies and energy products.  I t  involves many interact ions 
with other parts of  the bioeconomy – for example with agr iculture,  forestry and the 
waste management sectors.  I t  can also be a controversia l  topic,  part icular ly as far  as 
ensur ing the sustainabi l i ty of  the product ion and use of bioenergy. Over the last  ten 
years the understanding of these issues has much improved, internat ional ly and in the 
UK, and industry and government have worked together to develop comprehensive 
approaches to sustainabi l i ty management.

Given the importance of bioenergy, now and in the future,  i t  is  crucial  that there is a 
clear strategy for i ts future deployment.  The last  comprehensive UK bioenergy strategy 
was publ ished by DECC in 2012 (DECC 2012).  Much has changed since then; bioenergy 
has been deployed more extensively,  costs have reduced, and the issues around 
sustainabi l i ty are better understood and managed. Increased deployment has been 
helped by a support ive pol icy and regulatory f ramework.  However,  many of the pol icy 
instruments,  which have helped st imulate progress,  are now coming to an end, 
and the future regulatory context is unclear (REA 2019).

There is the potent ia l  for  bioenergy to grow further and to cont inue to del iver 
environmental  and economic benef i ts,  whi le at  the same t ime laying the foundat ions for 
the important role that bioenergy wi l l  have to play over the longer-term in a low carbon 
UK. This includes the key role of  bioenergy with carbon capture and storage (CCS),  a 
technology l ikely to be essent ia l  in achieving zero emissions in the UK.

Act ion is needed now to bui ld on the successes of recent years and to maintain the 
expert ise that has been developed. However,  there is no clear roadmap for how the 
UK can bui ld on the progress made, making i t  d i ff icul t  for  the industry to invest with 
conf idence. To address this,  the REA has decided to faci l i tate the development of  an 
industry- led strategy for bioenergy, as descr ibed in the foreword. (page i i i )
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The f i rst  phase took stock of the current state of  play and at how the contr ibut ion 
of bioenergy to the UK’s energy economy has grown in the last  ten years,  as wel l  as 
the benef i ts that th is has del ivered. I t  a lso reviewed the current pol icy and regulatory 
f ramework (REA 2019).
 
This document is a summary of  the work carr ied out under the second phase. I t 
develops a v is ion for what bioenergy could provide to the UK by 2032 ( the end of the 
UK’s 5th carbon account ing per iod).
 
The third phase of the project wi l l  ident i fy the key act ions that stakeholders,  including 
government,  industry and the research community wi l l  need to take to del iver th is 
v is ion.

	 	
	 2. 	 The Role for Bioenergy in
			   Low Carbon Futures

International Perspective

The important role of  bioenergy in future sustainable low carbon scenar ios is wel l 
recognised. In the IEA’s low carbon scenar io (2DS),  sustainable bioenergy expands 
four-fold by 2050. This complements a huge improvement in energy eff ic iency, a 
widespread uptake of other renewable technologies (especial ly in the power sector) 
and other measures,  including carbon capture and storage (CCS) ( IEA 2017).

The Internat ional  Renewable Energy Agency ( IRENA) gives bioenergy a s imi lar  role in i ts 
global  REMap scenar io for 2030, with bioenergy providing 22% of total  g lobal  energy 
needs for t ransport ,  14% of energy for bui ld ings, 19% of energy needs for industry, 
and 4% of e lectr ic i ty generat ion ( IRENA 2019).

The use of bioenergy becomes part icular ly important in scenar ios which target very 
deep cuts in carbon emissions such as those associated with global  temperature r ises 
below 1.5oC or with net-zero emissions, such as those recent ly advocated by the UK 
Committee on Cl imate Change (CCC).  (CCC 2019) Bioenergy can play a v i ta l  role in 
decarbonis ing otherwise hard to reach sectors such as aviat ion,  and bioenergy with 
carbon capture and storage (BECCS) offers the promise of “negat ive emissions”
to offset any remaining net emissions ( IPCC 2018).
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UK Perspective – UK Low Carbon Strategy

Climate Change Act and Carbon Budgets

The UK government is committed to reducing emissions, with a target to reduce 
greenhouse gas (GHG) emissions by 80%, against 1990 levels,  by 2050 embodied 
in the UK Cl imate Change Act (Cl imate Change At 2008).  To meet these targets,  the 
government has set f ive-year ly carbon budgets which current ly run unt i l  2032, based 
on advice from the Committee on Cl imate Change (CCC).  The targets restr ict  the 
amount of  GHG the UK can legal ly emit  in a f ive-year per iod. The UK is current ly in the 
third carbon budget per iod (2018 to 2022),  which requires a 37% reduct ion below 1990 
levels by 2020. Budgets have also been set for the fourth and f i f th carbon account ing 
per iods for 2023 – 2027 and 2028 – 2032, with targets of  51% and 57% reduct ions 
below 1990 levels by 2025 and 2030 respect ively.

So far,  the UK has made good progress in reducing emissions, which were 43% below 
1990 levels in 2017. The f i rst  carbon budget (2008 to 2012) was met and the UK is 
current ly on track to outperform on the second (2013 to 2017) and third (2018 to 2022).

(CCC 2018 a)  Progress has been part icular ly good in decarbonis ing the power sector, 
with major reduct ions in coal  use, and growing use of renewable sources of e lectr ic i ty 
including bioenergy. There has been less success in the harder to decarbonise heat ing 
and transport  sectors.  (CCC 2018a)

However,  the UK is not on track to meet i ts fourth carbon budget,  and the f i f th looks 
increasingly chal lenging. Even i f  the pol ic ies proposed under the Clean Growth 
Strategy (CGS) are ful ly implemented the CCC est imate that there wi l l  be overshoots 
of  between 10 and 65 mi l l ion tonnes of CO2e, and there are addit ional  r isks that 
the pol ic ies wi l l  not be put in place on t ime or del iver the expected savings. (CCC 
2018a).  The CCC says that efforts to reduce emissions wi l l  need to accelerate so that 
emissions reduce by at least 3% a year f rom now on and that th is wi l l  require the 
government to apply more chal lenging measures.  They encourages Government to:

	 •	 Support  s imple,  low-cost opt ions
	
	 •	 Commit to effect ive regulat ion and str ict  enforcement
	
	 •	 End the chopping and changing of pol icy

	 •	 Act now to keep long-term opt ions open

The l ikely outcome of the current strategy is embodied in BEIS’s current Energy and 
Emissions Project ions 2018 (BEIS 2019).  The reference scenar io is based on central 
est imates of  economic growth and fossi l  fuel  pr ices and contains al l  agreed pol ic ies 
where decis ions on pol icy design are suff ic ient ly advanced to al low robust est imates
of impact,  including “planned” pol ic ies. 

 



|  BIOENERGY STRATEGYPAGE  |   15

In th is scenar io the role of  renewables as a whole in f inal  energy consumption r ises 
by only 35% between 2017 and 2026 (outside of the electr ic i ty sector) ,  and remains 
at  that level  in 2032. Bioenergy, which is l ikely to be the most s igni f icant renewable 
technology in non-electr ic i ty sectors,  therefore only grows slowly.

The vis ion set out in Sect ion 3 of  th is report  suggests that bioenergy can play a much 
more signi f icant role between now and 2032, and that the associated GHG reduct ions 
could more than make up for the projected underperformance, a l lowing the UK to meet 
i ts 4th and 5th carbon budgets.

The Clean Growth Strategy

The last comprehensive strategy on how the UK can make progress towards i ts 
low carbon goals to 2050 was publ ished in 2011 and has not been updated.(UK 
Government 2011) In 2017 the Government produced a Clean Growth Strategy (CGS), 
which has a focus on achieving the 5th Carbon budget by 2032 (UK Government 2017). 
The strategy is designed to meet GHG reduct ion commitments at  the lowest possible 
net cost to UK taxpayers,  consumers and businesses, whi le maximising the social 
and economic benef i ts for the UK from this t ransit ion.  The strategy emphasises the 
important role of  innovat ion in developing low carbon energy solut ions,  committ ing 
the Government to provide £2.5 bi l l ion to support  low carbon innovat ion from 2015 to 
2021, with an addit ional  £4.7 bi l l ion from the Nat ional  Product iv i ty Investment Fund.

Key pol ic ies and proposals in the Clean Growth Strategy include:

	 •	 Improving business and industry eff ic iency by:

		  • 	 Developing a package of measures to support  businesses to
			   improve their  energy product iv i ty,  by at  least 20% by 2030

	 	 • 	 Phasing out the instal lat ion of  h igh carbon forms of fossi l  fuel  	 	
			   heat ing in new and exist ing businesses off  the gas gr id dur ing
			   the 2020s.

	 •	 Improving the energy eff ic iency in homes by a number of  measures 		
		  including:

	 	 • 	 Bui lding and extending heat networks across the country

	 	 • 	 Phasing out the instal lat ion of  h igh carbon fossi l  fuel  heat ing in 	 	
			   new and exist ing homes current ly off  the gas gr id dur ing the 2020s, 	
			   start ing with new homes

	 	 • 	 Invest ing in low carbon heat ing by reforming the Renewable Heat 		
			   Incent ive,  spending £4.5 bi l l ion to support  innovat ive low carbon 		
			   heat technologies in homes and businesses between 2016 and 2021
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	 •	 Accelerat ing the shi f t  to low carbon transport  by:

		  •	 Ending the sale of  new petrol  and diesel  cars and vans by 2040

		  •	 Spending £1 bi l l ion support ing the take-up of ul t ra- low emission 		
			   vehicles and invest ing an addit ional  £80 mi l l ion to support  charging 	
			   infrastructure delpoyment

	 •	 Del iver ing low carbon electr ic i ty by:

	 	 • 	 Phasing out the use of unabated coal  to produce electr ic i ty by 2025

	 	 • 	 Del iver ing new nuclear power through Hinkley Point C and other 	 	
			   projects

	 	 • 	 Improving the route to market for renewable technologies and 	 	
			   extending the budget for Contracts for Difference (CfD) auct ions 		
	 	 	 by £557 mi l l ion

	 	 • 	 Target ing a total  carbon pr ice in the power sector which wi l l  g ive 		
			   businesses greater c lar i ty on the total  pr ice they wi l l  pay for each 	
			   tonne of emissions

	 •	 Demonstrat ing carbon capture usage and storage (CCUS) technologies 		
		  and invest ing up to £100 mi l l ion in innovat ion to reduce costs
 		

	 •	 Enhancing the benef i ts and value of  UK natural  resources by:

	 	 • 	 Establ ishing a new network of  forests in England including new 	 	
			   woodland on farmland, and fund larger-scale woodland and forest 	
			   creat ion

	 	 • 	 Working towards an ambit ion for zero avoidable waste by 2050, 	 	
			   and minimising the negat ive environmental  and carbon impacts 		
			   associated with their  extract ion, use and disposal
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Low Carbon Heating

Since the publ icat ion of  the CGS, further documents providing more detai l  on some 
of i ts provis ions have been publ ished.  In part icular,  BEIS has publ ished discussion 
papers relat ing to the development of  a strategy for low carbon heat ing. These include 
“Transforming Heat ing”,  publ ished in December 2018. (BEIS 2018a)  This document 
reviews the low carbon opt ions for heat ing in advance of developing an appropr iate 
long-term pol icy approach. I t  accepts that there are number of  potent ia l  approaches 
and discusses benef i ts and chal lenges of each. 

I t  focusses on:

	 •	 Using electr ic i ty,  e i ther direct ly or v ia heat pumps. The report  			 
		  acknowledges that th is approach wi l l  be chal lenging for a number of  		
		  o lder,  poor ly insulated bui ldings, where meet ing the required heat demand 	
		  in winter by using heat pumps wi l l  be chal lenging, and that the costs of
		  improving insulat ion levels to al low effect ive heat pump use may be 		
		  prohibit ive

	 •	 Hydrogen 
	
	 •	 Bioenergy including biomethane from bio and thermal processes

	 •	 I t  does not consider in detai l  the opt ion for heat networks in urban 		
		  s i tuat ions despite their  potent ia l  to play a role in faci l i tat ing heat 			
		  recovery f rom bui ldings and industry,  as wel l  as the use of bio-energy 		
		  heat (e.g.  energy product ion from MSW, CHP etc. )  and other uses 			
		  of  biomass

	 •	 Neither does i t  g ive much considerat ion to the direct use of sol id biomass 	
		  for  heat ing, even though this is the most eff ic ient way to use biomass and 	
		  can play a part icular ly important role in rural  propert ies including for 		
		  those most di ff icul t  to heat using electr ic i ty v ia heat pumps

Low Carbon Transport

DfT has publ ished i ts “Road to Zero Strategy”.  (DfT 2018)This out l ines how Government 
wi l l  support  the transit ion to zero emissions road transport  and reduce emissions from 
convent ional  vehicles dur ing the transit ion.  The strategy is long term in scope and 
ambit ion,  consider ing the dr ivers of  change, opportunit ies and r isks and looks out to 
2050 and beyond, whi le a lso looking at the measures needed to lay the foundat ions for 
the transit ion in the shorter-term.
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CCC Bioenergy Reports

The CCC publ ished two reports re levant to the role of  bioenergy in the UK in 2018 – 
Biomass in a Low-Carbon Economy (CCC 2018b) and Land Use - Reducing Emissions 
and prepar ing for Cl imate Change (CCC 2018c).

The reports:

	 •	 Highl ight the importance of managing biomass stocks as a component of  	
		  c l imate change mit igat ion as part  of  a sustainable land use strategy

	 •	 Note that there is scope to increase carbon stocks whi le,  at  the same 		
		  t ime, increasing the amount of  biomass used sustainably as a feedstock 	
		  for  bioenergy, global ly and in the UK, when there is good sustainabi l i ty 		
		  governance in place

	 •	 Recognise that biomass can play an important role in meet ing long term 	
		  c l imate targets provided i t  is  used appropr iately,  pr ior i t is ing uses that 		
		  lead to carbon sequestrat ion ei ther in products or v ia CCS

	 •	 Indicate that bioenergy could provide up to 15% of UK energy needs 		
		  by 2050 and highl ighted the important role of  bioenergy associated 		
		  with carbon capture and storage and in hard to decarbonise sectors,  		
		  such as aviat ion

A Net-Zero Carbon UK?

The CCC has recent ly publ ished i ts advice,  which recommends that the Government 
should adopt a more ambit ious long- term GHG target of  net zero emissions by 2050 
(CCC 2019).  They argue that th is is needed to match the government’s internat ional 
commitments to combating cl imate change. They suggest that meet ing such a target is 
both possible and affordable,  despite the UK is fa l l ing behind the tra jectory needed to 
meet i ts current commitments.  I t  a lso notes that Government wi l l  have to adopt a clear, 
stable and wel l-designed set of  pol ic ies across the economy without delay.

The Challenges of Electrif ication

Like most nat ional  low carbon strategies,  the plan being developed in the UK rel ies 
heavi ly on electr i fy ing a wide range of energy services,  notably for heat ing (direct ly or 
v ia the use of heat pumps) and for t ransport .  This is understandable given there are 
now a wel l-developed set of  renewable technologies which can be used to produce low 
carbon electr ic i ty,  and whose costs have been fal l ing rapidly.  In addit ion,  the use of 
e lectr ic i ty for heat ing and transport  can be inherent ly more eff ic ient,  thereby using less 
pr imary energy to del iver the same services.
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However,  th is approach does have some important chal lenges that wi l l  need to be 
overcome, notably associated with the costs of  extending the electr ic i ty generat ion 
portfol io and the necessary del ivery infrastructure.  The CCC est imates that the 
amount of  low-carbon electr ic i ty generated and used in the UK wi l l  have to r ise by a 
factor of  four in a scenar io compatible with net zero emissions, even when signi f icant 
improvements in energy eff ic iency are taken into account (CCC 2019).

This chal lenge is exacerbated because some of the “new uses” for the electr ic i ty 
– notably heat for bui ld ings – have extreme seasonal  var iat ions.  Energy demand in 
bui ld ings in winter is typical ly seven t imes higher than in the summer months (BEIS 
2018a).  This means that the necessary product ion and del ivery infrastructure designed 
to meet this use wi l l  have a low ut i l isat ion rate.

The UK has very s igni f icant potent ia l  to increase generat ion from on- and off-shore 
wind and solar PV. These are al l  “var iable renewable resources” (VRE) – meaning 
that the power output var ies according to the wind and solar condit ions.  With a large 
proport ion of  power coming from such sources, balancing electr ic i ty supply and 
demand becomes more chal lenging. Much progress has been made in understanding 
how to manage electr ic i ty systems with high shares of  var iable renewables.

This can involve improving the overal l  system f lexibi l i ty by making dispatchable 
generat ion more able to respond to changing loads, enhancing the gr id capacity, 
managing consumer demand and using electr ic i ty storage ( IEA 2018b).  However, 
chal lenges remain for systems with very high VRE shares,  notably associated with 
longer per iods when the wind or solar resource is l imited (e.g.  “quiet” winter per iods 
when wind speeds are low but demand for heat ing is high) .  In the absence of economic 
long-term storage systems, some dispatchable electr ic i ty capacity wi l l  be essent ia l 
to cope with this issue, but in a very low carbon economy this capacity cannot be 
suppl ied by unabated fossi l  fuels.

The UK’s plans include a substant ia l  expansion of nuclear capacity to provide this 
dispatchable capacity.  Nuclear is not ideal ly suited as a complement to high shares of 
VRE as nuclear plants are not able to ramp up and down to meet changing demand, 
and the economics depend on achieving high load factors.  (Energy Transit ion 2018) 
Addit ional  nuclear capacity is due to come onl ine in 2026 at the 3.3 GW Hinkley Point 
C plant current ly under construct ion. However,  the costs of  nuclear generat ion are high 
and plants can only be bui l t  with very long-term contracts are in place – £92.50/MWh 
(2012 pr ices) ,  and a contract length of  35 years in the case of Hinkley Point C (BEIS 
2018b).  Construct ing and commissioning nuclear plant on schedule and on budget 
has proved di ff icul t .  The problems of long-term nuclear waste storage are so far 
unresolved, ra is ing quest ions about the sustainabi l i ty of  such plant.
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A number of  the exist ing nuclear plants are coming to the end of their  l i fet ime between 
now and 2030. There is a pipel ine of  project proposals for addit ional  plants due to 
come onl ine in the late 2020’s,  30’s and 40’s which aim to replace this lost capacity 
and increase the overal l  nuclear contr ibut ion (Carbon Br ief  2019).

However,  the developers of  three of  these plants (Hitachi  and Toshiba)  have now 
stopped development work on the projects at  Wylfa,  Oldbury and Moorside, as they do 
not bel ieve that they wi l l  be able to reach contractual  agreements cover ing the outputs 
f rom the plants,  given the high generat ion costs.  This reduces the capacity in the 
pipel ine by some 9.1 GW and wi l l  lead to the loss of  around 72 TWh/year of  low carbon 
electr ic i ty.  I f  that capacity had to be f i l led with gas generat ion,  then emissions would 
r ise by 29 MTCO2e/year (Carbon Br ief  2019).

Government has been discussing al ternat ive ways of faci l i tat ing the construct ion of 
nuclear plants,  for  example by providing some of the capita l  f rom publ ic funds, but 
replacing this capacity with new nuclear plant on schedule wi l l  be chal lenging, given 
the long project development,  construct ion cycles and high up-front generat ion costs.
 
There are therefore some ser ious r isks to del ivery of  the low carbon strategy based on 
electr i f icat ion associated with:

	 •	 Developing, bui ld ing and operat ing the necessary transmission and 		
		  d istr ibut ion infrastructure to meet much expanded but highly seasonal  		
		  demand

	 •	 Expanding generat ion capacity to meet increased demand with 			 
		  constraints on new nuclear capacity and without pushing up carbon
		  emissions

An expanded role for bioenergy could help mit igate these r isks by:

	 •	 Providing al ternat ive low carbon solut ions that wi l l  reduce the need to 		
		  enhance the electr ic i ty transmission and distr ibut ion systems, by providing 	
		  heat direct ly where i t  is  needed or through heat networks and the gas gr id

	 •	 Provide a low carbon al ternat ive to nuclear through the generat ion of  		
		  e lectr ic i ty f rom biomass l inked to CCUS
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The Role of Bioenergy in Low Carbon Futures

The signi f icant expansion of bioenergy discussed in the fol lowing sect ions of th is 
report  can help to enable the del ivery of  the low carbon strategy, especial ly one 
compatible with the Net-Zero Carbon ambit ion proposed by the CCC, in the fol lowing 
ways.

	
	 •	 Bioenergy can reduce the emissions associated with providing heat by:

	 	 • 	 Providing substant ia l ly  larger contr ibut iuon to meet ing heat ing 	 	
			   needs for bui ld ings and industry through very eff ic ient use of
			   b iomass feedstocks for heat ing in bui ld ings, direct ly and via heat
			   networks

	 	 • 	 Playing an important role in providing low carbon suppl ies of gas into 	
			   the gas network, al lowing cont inued use of current infrastructure in a 	
			   low carbon scenar io

	 	 • 	 Provide heat ing in off  gas-gr id propert ies and those where heat ing 	
			   v ia heat pumps is l ikely to be most chal lenging

	 •	 In the tranpsort  sector biofuels can provide:

	 	 • 	 Immediate GHG savings in the road transport  sector using exist ing 	
			   vehicles and infrastructure,  without impeding the development of  		
			   e lectr ic vehicles as the technologies and infrastructure develops

	 	 • 	 A long-term low carbon solut ion for commercial  vehicles,
			   compatible with local  c lean air  requirements through the 			 
			   use of  biomethane

	 	 • 	 A low carbon al ternat ive for the aviat ion and shipping sectors,  	 	
			   hard to decarbonise in other ways

	 	 • 	 Further opt ions to l ink bioenergy product ion to CCS and CCU 	 	
			   technologies

	 •	 Bioenergy for power generat ion can provide an al ternat ive to nuclear as a 	
		  low carbon, dispatchable source of e lectr ic i ty,  which:

	 	 • 	 Has lower costs of  power generat ion than nuclear

	 	 • 	 Can be bui l t  more quickly (with potent ia l ly  3 GW onl ine by 2032)

		  • 	 Can be funded by the pr ivate sector

	 	 • 	 Avoids the long-term sustainabi l i ty issues associated with nuclear 	
			   waste storage
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		  • 	 Can be l inked to carbon capture and use or storage so providing 	 	
			   a “negat ive emission” technology l ikely to be needed in very low 		
			   carbon scenar ios

	 •	 Bionenergy can also provide market pul l  that st imulate GHG savings in 		
		  non-energy sectors through:

	 	 • 	 Improved waste management practices including the move away from 	
			   landf i l l  and better management of  agr icultural  residues, manures,  etc

	 	 • 	 St imulat ion of  improved forestry management pract ices and 	 	
			   afforestat ion

	 3. 	 Vision for 2032

Approach

In th is sect ion, a quant i tat ive v is ion of the role that bioenergy could play in the UK by 
2032 is developed. The approach adopted is to look at the contr ibut ion that the var ious 
biomass sources can make to the UK energy system, given a support ive pol icy and 
regulatory environment,  in the short ,  medium and long term. The est imates are based 
on discussions with UK industry players on what could be possible on this t ime scale.

The est imates of  contr ibut ion below take account of :

	 •	 The avai labi l i ty of  biomass resources that can be made avai lable whi le 		
		  respect ing sustainabi l i ty cr i ter ia

	 •	 The rate at  which markets could real ist ical ly be developed.

	 •	 A mix of  wel l-developed and commercial ly avai lable technologies and 		
		  some technologies st i l l  at  an ear l ier  development and commercial  stages, 	
		  including some (notably those associated with bioenergy along with carbon 	
		  capture and storage) that are l ikely to be signi f icant ly deployed only after  	
		  2032.
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There are many ways in which biomass may be used to provide energy, and the “best 
use” of  bioenergy is very s i tuat ion dependent,  depending on the whole energy system 
and, in a low carbon context,  the other opportunit ies to decarbonise.  However,  the 
specif ic character ist ics of  biomass as an energy feedstock imposes a number of 
pr inciples that need to be respected.

These include:

	 •	 Product ion of residues or wastes on-si te is to be preferred when possible 	
		  as the most economic, energy and carbon eff ic ient as transport  costs and 	
		  re lated emissions are avoided

	 •	 The most eff ic ient use of biomass with best GHG balance is used for the 	
		  d i rect product ion of heat with a conversion eff ic iency matching those of 	
		  fossi l  fuels and approaching 90%. Heat product ion eff ic iency and capita l  	
		  cost not strongly dependent on scale.

	 •	 Transformation to other products or vectors always means a loss eff ic iency 	
		  – for example eff ic iencies for conversion to electr ic i ty are usual ly between 	
		  20 and 40%, and thermal conversion to methane has an eff ic iency of 		
		  around 50%.

	 •	 When biomass needs to be converted to other products or vectors rather 	
		  than used direct ly there is an advantage in moving to larger scale projects 	
		  in order to gain improved eff ic iencies and lower unit  capita l  costs e.g.
		  change in eff ic iency of power generat ion with scale,  scal ing factor for 		
		  power or thermal processes

In developing the v is ion these pr inciples have been respected, pr iv i leging local  use 
of biomass for heat where possible.  The vis ion also acknowledges that the ways in 
which bioenergy is used may change over t ime, as new bioenergy technologies mature 
and as the overal l  energy system becomes less GHG intensive.  In the long-term there 
wi l l  be opportunit ies for bioenergy l inked to carbon capture usage and storage, and in 
appl icat ions for which other low carbon opt ions are l imited or very expensive,  such as for 
aviat ion,  as proposed by the CCC. But not a l l  b iomass feedstocks are necessar i ly  suited 
to these uses and the local  use of biomass to meet energy needs wi l l  a lways offer  some 
advantages in terms of eff ic iency and cost.  The technologies that wi l l  enable some of 
the low carbon bioenergy opt ions are not as yet technical ly proven and commercial ised. 

For example:

	 •	 Large-scale thermal gasi f icat ion of  biomass to enable product ion of 	 	
		  b iomethane (bioSNG) is not yet commercial ised

	 •	 Biofuels for aviat ion are at  an ear ly stage of development and so far  		
		  provide some 0.01% of aviat ion fuel

	 •   	 There are very few examples of  bioenergy product ion with CCS even at a 	
		  p i lot  scale
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Rather than do nothing unt i l  these solut ions are avai lable,  the approach proposed here 
is to deploy bioenergy as soon as pract icable using technologies as they are avai lable 
so long as they provide GHG reduct ions and provide low cost,  low carbon opt ions, 
a long with other benef i ts.  This approach wi l l :

	 •	 Lead to immediate GHG, economic and other benef i ts

	 •	 Develop nat ional  and internat ional  supply chains that wi l l  be needed to 		
		  support  any large-scale use of bioenergy in the future,  and which wi l l  take 	
		  some t ime to evolve

	 •	 Maintain and develop UK expert ise in bioenergy

	 •	 Provide opportunit ies to develop projects which serve as a stepping stone 	
		  towards the longer-term opt ions (e.g.  by providing in i t ia l  market 			 
		  opportunit ies for biomass gasi f icat ion or for projects associated with 		
		  carbon capture and use)

	 •	 Provide insurance against delays or longer-term problems in deploying the 	
		  new technical  opt ions

Having a large scale and act ive UK bioenergy sector wi l l  a lso make i t  easier to deploy 
new technologies when the t ime is r ight,  as i t  wi l l  be easier to develop and f inance 
such projects when there is a mature biomass supply chain in place.
 
Developing solut ions based on convent ional  technology wi l l  not stand in the way 
of new technologies and appl icat ions in the longer term. Rather th is approach wi l l 
provide a sol id basis for the introduct ion of these technologies as market opportunit ies 
develop.

For example:

	 •	 Flexibi l i ty is a l ready evident in the biogas sector,  were an in i t ia l  market for 	
		  e lectr ic i ty product ion was st imulated by the Renewable Obl igat ion (RO) 		
		  and Feed in Tar i ff  (F iT)  mechanisms, but with pr ior i ty then shi f t ing to the 	
		  to the product ion of biomethane for heat ing and now to transport  			
		  appl icat ions. As discussed below this t rend is l ikely to cont inue

	 •	 The immediate opportunity to increase the penetrat ion of  biofuel  in the 		
		  road transport  sector does nothing to discourage the take up of e lectr ic 	
		  vehicles.  I f  th is constrains the market for l iquid transport  fuels,  then the 	
		  b iofuel  infrastructure developed can be adapted to supply other t ransport  	
		  sectors.  For example producing HVO (hydrotreated vegetable oi ls )  or biojet  	
		  f rom biodiesel  feedstocks, or by using bioethanol  as a feedstock for jet  		
		  fuel  or  for  biochemical  product ion

	 •	 Proposals to produce addit ional  low carbon electr ic i ty f rom biomass 		
		  provide a basis to demonstrate carbon capture and use at a large scale,
		  as a precursor to BECCS when the necessary infrastructure becomes 		
		  avai lable
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Aims and Objectives

The strategic aims for the proposed strategy are to:

	 •	 Immediately expand the contr ibut ion to GHG savings from bioenergy 		
		  based on wel l-developed and affordable technologies which also provide 	
		  s igni f icant co-benef i ts
 
	 •	 Develop and deploy some addit ional  technology opt ions which can  a lso 	
		  contr ibute GHG and other benef i ts by 2032, whi le a lso opening up opt ions 	
		  over the longer term

	 •	 Demonstrate bioenergy product ion coupled to CCS or CCU by between 		
		  2023 -2026 and expanding the contr ibut ion to carbon savings substant ia l ly  	
		  by 2032

The fol lowing sect ions ident i fy and quant i fy specif ic opportunit ies for each-end 
use sector,  not ing that there are some cross-cutt ing opt ions which could make a 
contr ibut ion to transport ,  heat or e lectr ic i ty depending on pr ior i t ies and market 
developments. 

The opportunit ies are classi f ied into three groups as i l lustrated by Figure 1 :

	 •	 Immediate opportunit ies – technologies which can be further deployed 		
		  immediately

	 •	 Development opportunit ies – technologies or resources which need further 	
		  technology or market development,  but which could make a contr ibut ion to 	
		  energy needs between 2026 and 2032

	 •	 Strategic opportunit ies – opt ions involv ing carbon capture and use and/or 	
		  storage which wi l l  be needed in the longer term, and which need to be 		
		  demonstrated by 2026, and then deployed at a s igni f icant scale by 2032 	
		  with a v iew to further expansion thereafter
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Figure 1 •   Classification of Bioenergy Opportunities

 

 

The opportunit ies associated with each end-use sector are discussed br ief ly below –   
a fu l ler  descr ipt ion is provided in Annex A to this report .

Bioenergy for Heat Supply

Bioenergy can contr ibute to the supply of  heat in the UK in a number of  ways:

	 •	 Through direct ly providing heat in stoves and boi lers fuel led by biomass 	
		  to meet heat demand in bui ld ings for households,  commercial  and 		
		  administrat ive premises, and or to meet heat demands in agr iculture 		
		  and industry.  For re lat ively dry feedstocks this is the most eff ic ient way of 	
		  using the biomass with conversion eff ic iencies of  around 90% achievable 	
		  in wel l-designed boi lers,  s imi lar  levels to those of fossi l- fuel led heat ing 	
		  systems. Proper ly deisgned and operated biomass heat ing systems 		
		  can meet str ingent a i r  qual i ty cr i ter ia.  The vis ion assumes that further 		
		  controls wi l l  reduce the uncontrol led use of biomass fuels in open f i res and 	
		  ineff ic ient devices

	 •	 Through producing “green gases” from bio-feedstocks which can direct ly 	
		  subst i tute natural  gas in pipel ines,  and also provide fuel  to premises 		
	 	 not connected to the gas gr id in the form of bio-LPG. The gases are 	 	
		  prodcued now through anaerobic digest ion of a range of wastes,  residues 	
		  and crops, and further product ion wi l l  be possible in the medium-term 		
		  through the thermal gasi f icat ion of  dry wastes and other feedstocks
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	 •	 By providing the energy needed for heat networks,  l ikely to be an 			
		  important means of providing heat (and cool ing)  in urban si tuat ions

The product ion of biomethane or other biofuels can also be coupled with CCS or 
CCU producing further GHG reduct ions. Analysis of  the potent ia l  role for bioenergy to 
provide heat for the UK has highl ighted the opportunit ies shown in Table 2,  c lassi f ied 
using the system out l ined above, depending on how soon they could make a ser ious 
impact on UK heat supply and the result ing emissions.

Table 2 •   Opportunities – Bioenergy for Heat Supply

Immediate opportunit ies – 2020

• Expansion of  use of  pel lets/chips for             
bu i ld ings and industry heat ing

• Use of  b io-based l iqu id and gaseous 
fue ls as a subst i tute for  foss i l  o i l  and 
LNG

• AD based biomethane for  gas mains        
in ject ion

Development opportunit ies –
2025-2032

•  Expansion of  the use b ioenergy in  
heat networks

•  Biopropane for  bui ld ings

•  Thermal  b iomethane and hydrogen
  

Strategic options – Post 2032 •  Thermal  b iomethane and hydrogen 
plus CCUS

Immediate Opportunit ies

Expansion of pel lets/chips for heating in bui ldings and industry

	 Opportunity:

	 •	 Immediate potent ia l  to replace fossi l  fuel  use for heat ing in bui ld ings and 	
		  industry using ful ly commercial  technologies and exist ing supply chains
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	 Benef i ts:

	 •	 Using wood fuels provide the lowest cost low carbon opt ion for bui ld ing 	
		  heat ing, part icular ly larger resident ia l  developments and for commercial  	
		  and industr ia l  s i tes

	 •	 Can make use of wel l-developed technologies and expanding fuel  supply 	
		  chains to provide heat in l ine with seasonal  var iat ions,  without putt ing 		
		  extra requirements on electr ic i ty infrastructure

	 •	 Instal lat ion of  modern, wel l-designed systems meet ing str ingent emissions 	
		  standards can provide an al ternat ive to pol lut ing open grates and poorly 	
		  regulated wood stoves

	 •	 Development of  local  supply chains,  which are wel l  adapted to the 		
		  d ispersed nature of  UK forest resources, can help st imulate improved 		
		  forest management and afforestat ion,  including some new plant ing on 		
		  unprof i table agr icultural  land

Potential  to 2025 and 2032

Industry bel ieves that a sustainable level  which would al low for market and supply 
chain development is around 700 MW/year (as achieved dur ing the RHI) .  I f  instal lat ion 
rates grew to this level  by 2025 and then cont inued at that level  unt i l  2032, the 
addit ional  contr ibut ion to energy supply would grow from the current level  of  around 85 
PJ now by 27 PJ/year by 2026 and by 67 PJ/year to over 150 PJ by 2032.

	 Likely costs of energy:

	 •	 The costs of  the heat suppl ied would be between 3-20 p/kWh depending 	
		  on the appl icat ion

	 Constraints to potential :

	 •	 The principal  constraint to real is ing this potential  is l ikely to be the rate 	
		  at  which the fuel  supply chain can be developed

Expansion of Biogas and Biomethane Production 

	 Opportunity

	 •	 Immediate potent ia l  to expand the product ion of biogas and biomethane 	
		  f rom biomass mater ia ls v ia anaerobic digest ion of organic mater ia ls,  		
		  including wastes and residues
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	 •	 In some cases, the gas can be used at the s i te of  product ion to generate 	
		  e lectr ic i ty or in CHP appl icat ions where there is an immediate demand. For 	
		  example,  where industr ia l  eff luents f rom food industry can be digested and 	
		  the gas used to meet local  demand for e lectr ic i ty and hot water product ion 	
		  such as in the dairy or dr inks sectors

	 •	 Al ternat ively,  the biogas can be upgraded to biomethane and in jected into 	
		  the gas network to replace fossi l  fuel  gas for heat ing or for t ransport       	
		  appl icat ions.

	 Benef i ts:

	 •	 Producing and using biomethane makes use of exist ing infrastructure and 	
		  appl iances by extending the product ion of biomethane whi le s igni f icant ly 	
		  reducing the GHG impact of  gas use

	 •	 Synergies with efforts to reduce waste going to landf i l l  by offer ing 		
		  a l ternat ive out lets for a range of waste mater ia ls including food 			 
		  and other biogenic wastes concentrated via separate col lect ions
 
	 •	 St imulus to develop markets for a range of agr icultural  wastes,  residues 	
		  and crops, so helping diversi f icat ion of  the rural  economy

	 •	 On-site use of wastes as feedstock for digest ion contr ibutes to industr ia l  	
		  eff ic iency and the demonstrat ion of  a circular economy

Potential  to 2025 and 2032

	 •	 Current ly most biogas ( including sewage and landf i l l  gases)  produced in 	
		  the UK (19 TWh) is used for power generat ion.  In addit ion,  8 PJ of 		
		  b iomethane qual i f ied for payments under the RHI,  and biomethane 		
		  product ion l ikely to reach 25 PJ in 2021 as new plants come onl ine

	 •	 There is scope for expanding biomethane product ion, but that wi l l  require 	
		  extension to a broader range of feedstocks beyond current suppl ies,  for  	
		  example of  food wastes and other biosol ids.  These could include the 		
		  use of  more animal wastes and a range of crops which can be ut i l ised to 	
		  increase agr icultural  product iv i ty without impact ing on other crop 		
		  product ion

	 •	 Assuming that suff ic ient raw mater ia l  could be developed, then gas 		
		  product ion could r ise to around 180 PJ to a total  of  some 220 PJ by 2032. 	
		  The gas could be used for heat,  t ransport  or for cont inued power 			
		  generat ion depending on market developments.  I t  is  assumed here that 		
		  the amount used for power decl ines s lowly,  and the rest of  the growth is 	
		  spl i t  evenly between heat and transport .  Under these assumptions 		
	 	 b iomethane for heat ing reaches 67 PJ by 2026 and 107 PJ 2032, with
		  biomethane for t ransport  achieving 43 and 82 PJ by the same dates
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Use of Bio-based Liquid and Gaseous Fuels as a Substitute for Fossi l  Oi l  and LNG

	 Opportunity

	 •	 Reduce the carbon emissions from oi l- f i red heat ing by using a blend of 		
		  b iofuels or other low carbon fuels

	 Benefits

	 •	 Reduces carbon emissions

	 •	 Uses exist ing heat ing systems and distr ibut ions channels

	 Potential  to 2025 and 2032

	 •	 In 2017 oi l  suppl ied 369 PJ for heat ing in the UK (BEIS 2018c).  Tr ia ls have 	
		  indicated that biofuels can be used in 30% blends in heat ing oi l  without 	
		  affect ing performance

	 •	 I f  larger scale tr ia ls prove effect ive i t  is est imated that biofuels blend could 	
		  replace 5% of heat ing oi l  fuel  by 2016 and 10% by 2032. This would mean 	
		  a contr ibut ion of 5.5 PJ by 2032 and 11 PJ by 2032

	 Likely costs of energy

	 •	 Around 9 p/kWh

	 Constraints to potential

	 •	 The performance of biofuel  blends in heat ing oi l  st i l l  has to be conf i rmed 	
		  by larger scale tr ia ls

	 •	 Avai labi l i ty of  suppl ies of  suitable biofuels f rom sources which meet str ict  	
		  sustainabi l i ty cr i ter ia

Development Opportunit ies
 						        	

Expansion of Bioenergy use in Heat Networks

	 Opportunity

	 •	 Provide low carbon options for heat networks (especial ly in urban contexts)  	
		  by using biomass fuels.  This could include heat f rom exist ing instal lat ions 	
		  such as EfW CHP plant and sewage digest ion faci l i t ies as wel l  as new 		
		  b iomass-based instal lat ions 
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	 Benefits

	 •	 Bioenergy can provide the lowest cost low carbon opt ion for heat networks

	 •	 Faci l i tates development of  heat networks to make use of a range of 		
		  sources (e.g.  f rom CHP plant,  waste heat recovery)

Potential  to 2025 and 2032

	 • 	 In 2017 heat networks suppl ied 67 PJ of energy in the UK – only 2% of 	 	
		  total  heat demands, and bioenergy contr ibuted some 12% (8.4 PJ or 		
		  200ktoe)  of  th is supply.  The potent ia l  for  bioenergy to contr ibute in this 	
		  sector depends on rate of  heat network development

	 • 	 To est imate the contr ibut ion that bioenergy could make in this sector,  i t  is  	
		  assumed that heat networks could supply a further 1% of today’s heat 		
		  requirements by 2026 and 8% by 2032, and that bioenergy could supply 	
		  30% of the potent ia l .  This means a contr ibut ion of 16 PJ by 2032 and 83 	
		  PJ by 2032. Some 10 PJ of th is could come from eff ic ient CHP operat ions 	
		  and the rest f rom specif ic biomass heat or CHP instal lat ions

	 Likely costs of energy

	 • 	 Around 4-5 p/kWh

	 Constraints to potential

	 •	 The potent ia l  wi l l  depend cr i t ical ly on the t iming and rate of  development 	
		  of  heat network infrastructure.  I t  wi l l  a lso depend on ensur ing that such 	
		  networks are based on low carbon suppl ies rather than on fossi l  gas,  		
		  the current most common source for projects being studied or st iumlated 	
		  under the BEIS Heat Networks Del ivery Unit  (HNDU) and Heat Networks 		
		  Investment Project (HNIP) programmes (BEIS 2018d).

Production and use of Thermal Biomethane

	 Opportunity

	 •	 Potent ia l  to expand avai lable supply of  biomethane for gr ind in ject ion 		
		  and use for heat ing or t ransport  through the conversion of sol id biomass 	
		  sources via thermal gasi f icat ion
	
	 Benefits
	
	 •	 Extends supply to gas gr id,  a l lowing use of exist ing infrastructure and 		
		  appl iances/equipment but with lower GHG product ion than convent ional  	
		  natural  gas,  and with the potent ia l  to capture and ei ther use or store 		
		  the CO2 produced dur ing the gasi f icat ion process 
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	 Potential  to 2025 and 2032
	
	 •	 Given the technology is not yet fu l ly  commerical ised, an object ive of  		
		  demonstrat ing 5 large scale (>50 MW) thermal biomethane product ion from 	
		  wastes and from wood-based sources in the UK by 2025 would 			 
		  be real ist ic

	 •	 Such a f leet of  plants would provide around 10 PJ of biomethane in 2032 	
		  and lay the basis for later expansion

	 Cost of energy

	 •	 Current cost est imates are around 60-80 p/kWh based on wood fuels and 	
		  26-34 p34p/kWh based on waste fuels but with s igni f icant potent ia l  for  		
	 	 cost reduct ions (European Commission 2017).

Biofuels as a substitute for LPG

	 Opportunity

	 •	 Potent ia l  to replace LPG for bui ld ings and industry using exist ing devices 	
		  and supply/storage systems

	 •	 Bio-LPG can consist  of  bio-propane or of  bio-dimethyl  ether (DME) and 		
		  can be produced from a range of potent ia l  feedstocks and processes.
		  Current suppl ies are produced as a by-product f rom the product ion of		
		  HVO. Suppl ies from this source can be expected to grow as the product ion 	
		  of  HVO and some other advanced biofuels produced by thermal processes 	
		  are extended, for example to supply bio-based aviat ion fuels

	 Benefits:

	 •	 Replacement of  fossi l-der ived LPG and of oi l  as a heat ing fuel  for  off-gas-	
		  gr id propert ies

	 •	 Provides opt ion for low carbon heat ing of propert ies which are less 		
		  sui table for heat pumps and without impl icat ions for power product ion
		  and distr ibut ion infrastructure

	 Potential  to 2025 and 2032

	 •	 Prior i t ise LPG replacement and off-gr id domest ic and commercial  		 	
		  customers

	 •	 Assume growth of LPG market to around 42 PJ (1 Mtoe) by 2032 as oi l  	 	
		  constrained in rural  heat ing sector.  Given commitments from some major	
	 	 UK LPG suppl iers to switch ent i re ly to non-fossi l  LPG by 2040, a 70% 	 	
	 	 market share for bio-LPG by 2032 is considered real ist ic -  i .e.  a potent ia l  	
		  contr ibut ion of some 29 PJ by 2032



|  BIOENERGY STRATEGY
PAGE  |   33

	 Likely costs of energy 	

	 •	 Cost premium for bio-LPG est imated at £5/MWh compared to fossi l  LPG, 	
		  with total  heat costs around £94/MWh

	 Constraints

	 •	 Current ly suppl ies of  bio-LPG feedstocks are l imited and developing the 	
		  supply chain wi l l  be the most s igni f icant constraint  on the rate of  			
		  deployment

	

 

     Photo shot by IvanJekic on iStock 
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Overal l  Heat Vision

Table 3 and Figure 2 summarise the potent ia l  contr ibut ion of bioenergy to UK heat 
supply f rom the opportunit ies discussed above, including a reduct ion in the ineff ic ient 
use of wood fuels in poor ly control led systems.

The contr ibut ion from bioenergy to the heat ing sector increases by near ly 40% by 2026 
to 235 PJ (some 11% of total  UK heat ing needs),  and by a factor of  2.3 by 2032 to 407 
PJ (20% of heat ing needs).

Table 3 •   Summary of Potential Bioenergy Heat Supply to 2032

					         Bioenergy Heat (PJ)
	                    

2020 2026 2032

Unmanaged 
domest ic 

wood heat ing
40 30 20

Wood chips 
and pel lets 86 112 152

Biomethane 25 68 107

Biofuel 
blends

0 6 11

Heat 
networks 8 16 83

Biopropane 0 2 30

Thermal
gasi f icat ion

0 0 5

Total 159 235 407



|  BIOENERGY STRATEGY
PAGE  |   35

Figure 2 •   Potential Total Growth in Bioenergy for Heat Production

This growth in bioenergy for heat ing raises the contr ibut ion to f inal  energy demand in 
the resident ia l ,  publ ic,  commercial  and industry sectors f rom 6.6% in 2020 to near ly 
10% by 2026 and 16.3% in 2032.

Bioenergy for Transport

Bioenergy can play an important role in the transport  sector by providing subst i tutes 
for fossi l  fuels,  which can most ly make use of exist ing infrastructure and vehicles 
s ince the fuels can ei ther be blended with fossi l  fuels or designed as l ike-for- l ike 
replacements (“drop-in fuels”) .

In the longer run, e lectr ic i ty is expected to play an increasing role in low carbon 
transport  systems, especial ly for t ransport  in urban areas and for l ight passenger 
travel .  Bioenergy solut ions can complement this approach because they can also be 
used for heavy and long-haul  t ransport  appl icat ions including aviat ion and shipping. 

Even under scenar ios which take an opt imist ic v iew of the prospects for e lectr i f icat ion 
of  t ransport ,  penetrat ion wi l l  be constrained by the relat ively s low rates of  e lectr ic 
vehicle uptake and turnover of  the vehicle stock. Under BEIS Reference Scenar io in the 
Energy and Emissions Project ions (2018),  by 2032 electr ic i ty provides only 2.6% of UK 
transport  energy needs (compared to biofuels 4.0%),  meaning that 93.4% of t ransport 
needs are st i l l  provided by fossi l  fuels with the associated GHG emissions (BEIS 2019). 
Even i f  uptake is s igni f icant ly accelerated as recommended by the CCC and others, 
fossi l  fuels are st i l l  l ikely to play a major role in the transport  sector to 2032.
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Biofuels can make an impact across the per iod to 2032 by reducing fossi l  fuel  use 
without requir ing amendments to the vehicle f leet and with minimum impact on 
infrastructure.  The increased use of biofuels in no way obstructs the greater use of 
e lectr ic i ty in the sector as the technologies improve and become cheaper and the 
necessary electr ic i ty supply infrastructure is put in place.

Review of the main opportunit ies for biofuels to contr ibute to the decarbonisat ion of 
the transport  sector has ident i f ied the opt ions set out in Table 4,  c lassi f ied according 
to the t ime when they can make a s igni f icant impact.  Opportunit ies re lat ing to the 
product ion and use of biomethane are shared with the heat ing sector s ince the fuel 
could be used ei ther for heat ing or for t ransport .

Table 4 •   Bioenergy Opportunities in Transport

 

*Opportunit ies shared with the heat ing sector

Immediate Opportunit ies

Expansion of Ethanol and Biodiesel  Within and Beyond “Blending Walls”

	 Opportunity

	 •	 Current ly about 2% of the energy used in transport  comes from bioethanol  	
		  and biodiesel  suppl ied as low-level  blends for road transport .  This can be 	
		  rapidly ramped up to further replace fossi l  road transport  fuels with low 	
		  carbon opt ions within the conservat ive blending l imits (“blend wal l” )  		
		  by adopt ing an E10 blend of ethanol  within gasol ine

Immediate – 2020
Expansion of ethanol  and biodiesel

AD based  biomethane

Development Opportunit ies 
2025 – 2032

Aviat ion and marine fuels

Thermal biomethane

Strategic Opportunit ies – 
Post-2032

Thermal biomethane, biofuels or

hydrogen product ion plus CCUS*
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	 Benefits

	 •	 No changes in infrastructure or vehicles

	 •	 70%+ GHG replacement for each unit  of  energy replaced

	 •	 Potent ia l  st imulus to UK agr iculture sector

	 Potential  to 2025 and 2032

	 •	 Potent ia l  to move to 10% blending of ethanol  in gasol ine and biodiesel  in 	
		  d iesel  by volume (between 6% and 8.6% in energy terms)

	 •	 This is equivalent to replacing some 2.3 Bn l i t res of  biodiesel  and 1.4 Bn 	
		  l i t res of  bioethanol  with an energy equivalent of  some 110 PJ by 2026 		
		  dropping to 106 PJ by 2032 i f  gasol ine and diesel  fuel  use is constrained 	
		  according to the prof i le in the BEIS scenar io

	 •	 In i t ia l ly  fuel  requirements can be met f rom suppl ies of  ethanol  and 		
		  b iodiesel  f rom exist ing supply chains.  As demand grows, and i f  there is 		
		  regulatory incent ive to move to fuels with better sustainabi l i ty pedigree, 	
		  then these fuels can be supplemented by advanced biofuels which can 		
		  include ethanol  f rom cel lu losic residues and from thermal processing of 	
		  wood residues, once these technologies are proven and commercial ised

	 •	 There is a lso potent ia l  to go beyond the “blend wal l”  through the use 		
		  of  h igher blends of gasol ine and bioethanol  (e.g.  E85) and of biodiesel  		
		  (especial ly in the commercial  f leet,  e.g.  B20, B30) and through the use 		
		  of  “drop-in” subst i tutes such as HVO i f  avai lable in suff ic ient quant i t ies

Likely costs of energy

Prices of  bioethanol  are set by internat ional  markets and vary according to demand, 
the pr ices of  feedstock costs,  and import  dut ies and tar i ffs.  Typical ly the pr ice of 
ethanol  is  in the range of £12-14/GJ and biodiesel  between £15.5–23.0/GJ.

Constraints to potential

Potent ia l  supply of  fuels meet ing sustainabi l i ty constraints

Biomethane for Vehicle Use

	 Opportunity
	
•	 Immediate potent ia l  to replace diesel  using exist ing gas infrastructure for 		
	 d istr ibut ion and new vehicles designed to use biomethane
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	 Benefits

	 •	 Low carbon opt ion for t ransport  notably for del ivery and HGV sector,  	 	
		  compatible with local  a i r  qual i ty requirements

	 Potential  to 2025 and 2032

	 •	 Potent ia l  growth of biomethane product ion discussed under the heat 		
		  sect ion of th is report

	 •	 Assuming growth in biomethane shared equal ly with heat sector,
		  then 43 PJ of diesel  fuel  could be replaced by 2026 and 82 PJ by 2032
	
	 •	 In addit ion,  some 10 PJ of biomethane could be produced by 2032 from 	
		  thermal processing of biomass, providing a further 5 PJ to the transport  	
		  sector

	 Constraints to potential 	

	 •	 Feedstock avai labi l i ty and adaptat ion of technologies to new feedstocks 	
		  (see heat sect ion for discussion)
 

Development Opportunit ies

Aviation and Marine Fuels

	 Opportunity

	 •	 Replacement of  aviat ion fuels with low carbon subst i tutes such as biofuels 	
		  is  seen as a long- term pr ior i ty by both industry and government,  due to 	
		  growing energy use in the sector and the di ff icul t ies of  decarbonis ing 		
		  the sector in other ways. Sustainable biofuel  use is a key component of  	
		  the air l ine industry’s plans to decarbonise the sector ( IATA 2018).
 
	 •	 Although there are a number of  biofuels which have been cert i f ied for 		
		  use in aviat ion, and many tr ia l  f l ights with biofuels have taken place so far,  	
		  only a very smal l  proport ion (est imated at 0.01% of total  energy use)  of  		
		  jet  fuel  is  replaced by biofuels ( IEA 2018a).  Current use is constrained by 	
		  sui table fuel  avai labi l i ty and by the higher costs of  biofuels

	 •	 Simi lar ly,  biofuels have potent ia l  to replace marine fuels (which are 		
		  general ly considered less chal lenging),  a l though here too only f i rsts 		
		  steps have been made

	 Benefits

	 •	 Carbon reduct ions using exist ing engines and compatible fuel l ing 			
		  infrastructure
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	 Potential  to 2025 and 2032

	 • 	 Depends on supply constraints and level  of  ambit ion of  aviat ion 			 
		  industry

	 • 	 According to BEIS project ions for growth of aviat ion and marine fuels 		
	 	 within the UK to 2032, aviat ion use is l ikely to grow by 6% to 146.7 Mtoe 	
		  (615 PJ)  between 2020 and 2026,  and by 13 % to 15.6 Mtoe (653 PJ) by 	
		  2032 (BEIS 2019).  Shipping fuel  use is expected to remain constant at  		
	 	 0.65 Mtoe (27 PJ).  A 2% replacement of  these fuels is envisaged by 2026 	
		  and 10% by 2032. This means around 13 PJ by 2026 and 68 PJ by 2032

	 • 	 Current costs are 2-3 t imes those of current aviat ion fuels but there is 		
		  s igni f icant scope for cost reduct ion as volumes grow

	 Constraints to potential

	 • 	 Supply of  suitable and approved fuels for aviat ion is current ly
		  constrained so product ion capacity and suitable feedstock supply
		  wi l l  need to be extended

	 • 	 Internat ional  supply chains are expected to develop to supply this 		
		  important global  market

Overal l  Transport Vision

Table 5 and Figure 3 summarise the potent ia l  contr ibut ion of bioenergy to UK transport 
energy supply f rom the opportunit ies discussed above. The contr ibut ion for bioenergy 
r ises by a factor of  4 by 2026, and by a factor of  over 6 by 2032.

Table 5 •   Summary of Potential Bioenergy Transport Energy to 2032

						      PJ del ivered fuel

2020 2026 2032

Bioethanol 18 28 27

Biodiesel 24 82 79

Biomethane 0 44 87

Aviat ion and marine 0 13 68

Total 42 167 261
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* includes contr ibut ion from thermal biomethane.

The share of  total  t ransport  energy grows from below 2% in 2020 to over 7% in 2026 
and near ly 12% in 2032.
 

Figure 3 •   Potential Total Growth in Bioenergy for Transport Energy to 2032

  

Bioenergy for Power Generation

The product ion of e lectr ic i ty f rom biomass sources has expanded rapidly in the 
UK in the last  ten years,  supported by the Renewables Obl igat ion (RO),  Feed-in-
Tar i ff  (FIT)  and Contracts for Difference (CfD) schemes, and now provides some 
11% of a l l  e lectr ic i ty generated in the UK, f rom a wide range of sources (REA 2019). 
Bioelectr ic i ty is associated with very low greenhouse gas emissions compared to 
fossi l  fuel  generat ion,  and unl ike wind and solar PV, is able to provide dispatchable 
generat ion,  unaffected by resource condit ions,  thereby complementing var iable sources 
of e lectr ic i ty.  The generat ion of  power f rom biomass sources, br ings anci l lary benef i ts - 
for  example using wastes complements other efforts to move away from landf i l l ing,  and 
the sustainable use of wood fuels can st imulate better forest management pract ice.

There is scope to grow the product ion of bioelectr ic i ty in the UK. However,  i t  is 
necessary to acknowledge the costs of  generat ion from some bioenergy sources 
(measured in terms of the level ised cost of  energy [LCOE] generat ion)  are now 
sometimes higher than those of wind power and solar,  and that the scope for cost 
reduct ion in the future is lower. 
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The costs of  e lectr ic i ty generat ion from bioenergy have been reviewed (see Annex B). 
This analysis indicates that bioelectr ic i ty generat ion is most attract ive when:

	 •	 Low cost feedstocks such as wastes can be used

	 •	 Use can be made of exist ing fossi l  fuel  assets ( for  example by the 		
		  conversion of plants previously f i red by coal )

	 •	 Bioenergy plants are conf igured as combined heat and power (CHP) 		
		  projects that are able to export  a high proport ion of  heat in addit ion 		
		  to power

	 •	 When large-scale operat ion leads to lower capita l  costs and higher 		
		  generat ion eff ic iencies

	 •	 When bioenergy plants can play a role in providing f i rm and dispatchable 	
		  power so faci l i tat ing integrat ion of  h igher shares of  var iable renewable 		
		  energy (VRE) f rom wind and solar generat ion.

In addit ion,  bioelectr ic i ty product ion when l inked to carbon capture and storage is a 
“negat ive emission” technology and can produce electr ic i ty whi le effect ively reducing 
overal l  emissions. Large scale bioelectr ic i ty generat ion offers a cost competi t ive 
al ternat ive to nuclear (Annex B),  through modular and f lexible plants which could be 
f inanced by the pr ivate sector over shorter l i fet imes than those proposed for nuclear 
plant (25 vs 40+ years) .  The bioenergy plants also have no long-term issues relat ing to 
waste storage and decommissioning.

However,  the capture and storage of CO2 l inked to power generat ion has yet to 
be demonstrated at a large scale in the UK. A potent ia l  route map to widespread 
implementat ion of the technology, in the absence of the necessary carbon storage 
infrastructure,  is  to f i rst  demonstrate CO2 separat ion with use of the carbon to produce 
low-carbon fuels (CCU) f rom exist ing bioelectr ic i ty plants.  This could be a precursor to 
the deployment of  demonstrat ion f leet of  plants where CO2 is captured and ei ther used 
via CCU or stored when the necessary infrastructure is in place.
 
Taking these factors into account,  a number of  opportunit ies for bioelectr ic i ty in the UK 
have been ident i f ied and shown in Table 6,  c lassi f ied using the system out l ined above, 
according to how soon they could make a ser ious impact on UK electr ic i ty supply and 
the result ing emissions.
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Table 6 •   Bioelectricity Opportunities

Immediate opportunit ies – 2020

•  Maintaining current generat ion

•  Expand use of low-cost fuels,  (MSW,          
waste wood) v ia CHP

Development opportunit ies – 2025 - 2032 •  Large scale bio-power (with CCUS)

Maintaining Current Bio-Generation

Opportunity:  The current level  of  generat ion is 33 TWh, supported by long-term 
contracts under the RO, FIT and CfD programs. I t  would be desirable to maintain 
generat ion from exist ing bioelectr ic i ty plants beyond current support  mechanisms. 

Benefits:  Cont inuing environmental  benef i ts f rom low carbon electr ic i ty and heat 
generat ion along with those relat ing to waste disposal  and keeping developed supply 
chains in place. Maintaining current generat ion is a lso important for preserving 
conf idence of current investors who are l ikely to invest in the next generat ion of 
bioenergy technologies/opportunit ies ( including those involv ing CCU/CCS).

Potential  to 2025 and 2032:  The current level  of  generat ion could be maintained 
but some of the resources used could switch to other appl icat ions i f  they lead to 
improved ut i l isat ion of  the resource, or i f  other markets become more attract ive.   For 
example,  some biogas used for power generat ion is assumed to switch to biomethane 
product ion, reducing power generat ion by some 13 PJ.

Likely costs of energy:  For exist ing generat ion,  the capita l  cost e lement wi l l  have 
been repaid by the end of the support  contract per iod. As such, the marginal  costs of 
generat ion,  re lated to fuel ,  maintenance and other operat ing costs are expected to l ie 
in the range of £50-70 /MWh.

Constraints to potential :  Access to markets providing suff ic ient economic rewards to 
cover fuel  and operat ional  costs.

Generation From Addit ional Low-cost Biomass Fuels Including Municipal
Solid Waste (MSW)

Opportunity:  To expand the use of residual  biogenic wastes including those from 
municipal  and commercial  and industr ia l  waste streams (after  economic reuse and 
recycl ing act iv i t ies) ,  waste wood and other waste fuels for lower cost bioelectr ic i ty 
generat ion (where possible l inked to CHP opportunit ies) .
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Benefits:  Low carbon electr ic i ty generat ion and benef i ts to waste disposal  pract ice 
associated with reducing landf i l l ing of  wastes.

Potential  to 2025 and 2032:  Potent ia l  addit ional  9 Mt residual  biogenic wastes 
which are current ly landf i l led and which could be used to produce energy, making an 
addit ional  1.2 TWh/year (4.5 PJ)  developed between 2020 and 2027 (Tolv ik 2018).
 
Likely costs of energy:  The costs of  producing power f rom MSW are part icular ly 
var iable depending on the “gate fee” received for the waste and the extent to which 
the heat can be used. In cases with an adequate gate fee and good heat y ie ld,  the 
result ing generat ion cost wi l l  be between £80 and £90 /MWh. (See Annex B)

Constraints to potential :  Fuel  supply avai lable v ia long-term contracts,  which can be 
enhanced by “push” pol ic ies such as r is ing landf i l l  taxes, separate waste col lect ions 
and restr ict ions on waste feedstock exports.

Large Scale Biopower (with CCUS)

Biopower (with CCUS)

Opportunity:  To demonstrate and start  to deploy large-scale bioelectr ic i ty generat ion 
with CCUS by:

	 •	 Demonstrat ing carbon capture on an exist ing biomass generat ion s i te with 	
		  subsequent use or storage of the carbon (depending on infrastructure 		
		  avai labi l i ty )
 
	 •	 Demonstrat ion of  new bioelectr ic i ty capacity specif ical ly designed to be 	
		  opt imised for CCUS (probably c.  300 MW scale biomass pel let  f i red plants) . 

Benefits:  Low carbon electr ic i ty which helps to f i l l  the gap in dispatchable power f rom 
l ikely nuclear undershoot at  lower cost and lays basis for large-scale BECCS rol lout 
beyond 2032.

Potential  to 2025 and 2032:  Assume a ser ies of  plants demonstrat ing bioelectr ic i ty 
with CCUS at a scale of  around 300 MW plants,  start ing from 2025, bui ld ing up to a 
capacity of  around 3 GW by 2032, and producing 22 TWh. 

Likely costs of energy:  Costs est imated at c.  £75 /MWh excluding costs/benef i ts of 
CCU, assuming that system capita l  costs can be opt imised for large scale operat ion, 
and that some signi f icant economies can be made by reducing supply chain costs for 
the fuel .

Constraints to potential :  Feasibi l i ty and development work needed to design opt imum 
plants at  large scale compatible with CCS/CCU. Extension of pel let  supply by c.  12 
mi l l ion tonnes/year and demonstrat ion at scale of  CCU.
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Overal l  Bioelectricity Vision

Table 7  and Figure 6  summarise the potent ia l  contr ibut ion of bioenergy to UK 
electr ic i ty supply f rom the opportunit ies discussed above. The contr ibut ion r ises by 
20% by 2026, and by 70% by 2032.

Table 7 •   Summary of Potential Bioelectricity Supply to 2032

					       Bioelectr ic i ty Supply (PJ)
			 

2020 2026 2032

Exist ing bio 
generat ion

120 113 107

Low cost fuels 
including MSW

1 16 19

Large scale biomass 
with CCU

0 20 79

Total 121 149 205

As a share of  overal l  e lectr ic i ty generat ion,  bioelectr ic i ty r ises from 11% in 2020,
to 13.5% in 2026 and over 17% by 2032.
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Figure 4 •   Potential Total Growth in Bioelectricity Production

Development of Strategic Options with Carbon Capture and Storage or Use

The strategy out l ined above wi l l  enable the demonstrat ion of  a number of  technology 
opt ions that can be l inked to carbon capture use or storage (BECCS) by 2032, notably

	 •	 Large scale power generat ion

	 •	 Thermal gasi f icat ion of  bioenergy to produce biomethane or (other fuels)  	
		  for  heat or t ransport  fuel  product ion.

The deployment proposed wi l l  lay the basis for widespread adopt ion of BECCS post 
2031, and open up routes to biomethane, and a range of other fuels and chemicals, 
including biojet  (produced from synthesis gas by Fischer Tropsch processes)  or 
hydrogen.

In addit ion to the CO2 captured by newly instal led systems there are other sources 
of CO2 already produced in bioenergy product ion that could be col lected and used 
or stored – for example when biomethane is separated from biogas, or dur ing the 
fermentat ion processes involved with producing bioethanol .

Carbon capture associated with bioenergy product ion has been demonstrated in a 
number of  cases in the UK, with the gas used for var ious economic purposes such as 
in the food industry and for enhancing growth in greenhouses. However,  the carbon 
benef i t  of  these uses is doubtful  (unless the carbon is being specif ical ly produced from 
fuels)  and the scale of  such potent ia l  uses is l imited.  Carbon capture and storage, 
when carbon is taken out of  the atmosphere permanent ly stored, has not yet been 
demonstrated at scale in the UK and no infrastructure is current ly in place. I f  such
infrastructure is developed ( for example around a “Heavy Industry Hub”)  then nearby 
bioenergy sources could make use of i t .
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In the absence of such infrastructure,  a “hal f-way house” is to capture and then use 
the CO2 to produce fuels through i ts combinat ion with hydrogen (bioenergy with carbon 
capture and use – BECCU).  Whi le not taking carbon def in i t ively out of  the atmosphere 
such processes have a carbon benef i t  because the fuels produced displace addit ional 
fossi l  fuels.  Using the carbon in this way effect ively increases the volume of low carbon 
products f rom the biomass feedstock. These can ei ther be fuels ( including methane and 
methanol )  or  a range of more complex chemicals that could be used ei ther as fuels or 
as bui lding blocks within an expanded sustainable bioeconomy (Hannula and Koponen 
2017).

The abi l i ty to use the carbon in this way can provide an opportunity to demonstrate the 
capture process even in the absence of carbon storage infrastructure and may have 
meri ts in the long term in i ts own r ights.  Carbon capture and use can be demonstrated 
at a scale appropr iate to the bioenergy product ion faci l i ty and does not require large-
scale capture and storage infrastructure.  However,  such projects do need access to 
suppl ies of  hydrogen. This would ideal ly be produced by electrolysis using renewable 
electr ic i ty rather than from methane.
 
Whi le CCU systems can be deployed now, further R,D&D is needed to ident i fy the 
opt imum routes for using captured CO2 in terms of product value and the associated 
GHG benef i ts ( to be discussed in Phase 3 of  th is project ) .  A potent ia l ly  interest ing 
opt ion is to “ integrate” the carbon re-use into the gasi f icat ion process by adding 
hydrogen dur ing the gasi f icat ion stage. This turns the CO2 formed dur ing gasi f icat ion 
into further hydrocarbons, with l i t t le or no emission of CO2. One effect of  such a 
process is to very s igni f icant ly increase the y ie ld of  biofuels f rom a given amount of 
biomass ( IEA 2017b).

To st imulate both BECCS and BECCU projects,  a favorable pol icy and regulatory 
f ramework which indicates that making BECCS or BECCU f inancial ly rewarding 
(or mandatory)  wi l l  be a prerequis i te before companies commit to the necessary 
investment in R, D and D to develop and demonstrate the technologies.  The opt ions for 
th is wi l l  a lso be considered in Phase 3 of  th is project.
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Overal l  Vision for Bioenergy Contribution

Table 8 and Figure 5 summarise the potent ia l  contr ibut ion of bioenergy to UK energy 
supply in the electr ic i ty,  heat and transport  sectors as discussed above. The overal l 
contr ibut ion to energy supply r ises by a factor of  1.6 between 2020 and 2026, and by a 
factor of  2.6 by 2032.

Table 8 •   Bioenergy Vision to 2032 – Summary of Contributions

				      Contr ibut ion to UK Energy Supply PJ

2020 2026 2032

Heat 159 219 376

Transport 42 167 261

Electr ic i ty 121 144 205

Total 323 530 843

Figure 5 •   Potential Overall Growth in Bioenergy to 2032
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Growth is targeted part icular ly at  the heat and transport  sectors,  where bioenergy 
can play a unique role in decarbonisat ion efforts.  The vis ion also embraces important 
stepping-stones in the development pathways for technologies that can be adapted to 
carbon capture and storage when the need ar ises and to the development of  the supply 
chains that wi l l  be a prerequis i te for an enhanced future role for bioenergy.

The overal l  share of  bioenergy in f inal  energy demand r ises from 5.5% in 2020 to 9.5% 
in 2026 and near ly 15% in 2032. 
		

Biomass Resources

UK Feedstock Avai labi l i ty

There have been many reviews of the avai labi l i ty of  bioenergy feedstocks for use in 
the UK. Most notably,  BEIS have  a UK supply model,  recent ly updated by Ricardo. 
This provides provides est imates of  both UK and internat ional ly avai lable resources, 
taking into account appropr iate  sustainabi l i ty cr i ter ia,  competing non-energy uses 
and potent ia l  barr iers to making the feedstocks avai lable (BEIS 2017).  Their  est imate 
of  the accessible UK based supply feedstock supply for 2030 is summarised in Figure 
8 The total  resource amounts to between 580 and 672 PJ, made up of the fol lowing 
categor ies:

Relat ively dry feedstocks appropr iate for combust ion or thermal t reatment including:

	 	 • 	 Agr icultural  residues (pr incipal ly straw)

	 	 • 	 Products f rom forestry and t imber industr ies including forest 	 	
			   residues, stemwood, sawmil l  coproducts and arbor icultural  ar is ings

	 	 • 	 Perennial  energy crops (such as miscanthus and short  rotat ion 	 	
			   coppice)

	 	 • 	 Wood waste

	 	 • 	 The renewable fract ion of wastes (RFW)

	 •	 Feedstocks suitable for anaerobic digest ion to produce biogas or 			
		  b iomethane including:

	 	 • 	 Food waste

	 	 • 	 Sewage gas, s ludge and landf i l l  gas

	 	 • 	 L ivestock manures

	 	 • 	 Crops appropr iate for biogas product ion
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	 •	 Feedstocks for biofuels product ion including

		  • 	 Bioethanol  and biodiesel  crops

	 	 • 	 Used cooking oi l  (UCO) and tal low

Figure 6 •   Accessible UK Bioenergy feedstocks resource, 2030

	  

	

        Source: BEIS Feedstock supply model (BEIS 2017)
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Bioenergy Vision -  Feedstock Requirements

The curent pattern of  bioenergy product ion in the UK makes use of a wide range of 
these UK  feedstocks such as municipal  sol id waste,  landf i l l  and sewage gas, wood 
wastes and wood fuels,  animal wastes and bedding, and straw, along with some crops 
grown for energy, notably for biofuels product ion but with only smal l  quant i t ies of  dry 
crops such as miscanthus and short-rotat ion forestry.   The UK also uses imported 
mater ia ls in the form of biofuels for t ransport  (b iodiesel  and bioethanol )  and of wood 
pel lets for use in large scale power generat ion.

The use of the higher levels of  bioenergy proposed in the v is ion set out above impl ies 
a greater use of biomass resources by 2032. Table 9 shows how the feedstock demand 
would need to increase to meet bioenergy demand in the heat,  t ransport  and electr ic i ty 
sectors. 

Table 9 •   Bioenergy Vision – Feedstock Requirements to 2032

			   B ioenergy Vis ion – Feedstock Requirements to 2032

2020 2026 2032

Heat 159 219 386

Transport 42 167 261

Power generat ion 316 359 490

Total 517 731 1051

Meeting these levels would make ful l  use of  the potent ia l  feedstocks that are avai lable 
or that could be developed within the UK by 2032 according to the Ricardo study. 
Fuel  use is made of the potent ia l  suppl ies f rom forestry and wood industr ies and from 
wastes (helping to push the UK to a s i tat ion where there is no landf i l l ing of  organic 
wastes by 2026).  In addit ion,  the strategy rel ies on the development of  energy crops 
l ike “dry” cel lu losic crops such as miscanthus, short  rotat ion coppice and crops 
suitabe for digest ion. An act ive programme wi l l  be required to develop the necessary 
suppl ies and  infrastructure.  Addit ional  imported resourcesimported would be required, 
notably sol id biomass pel lets for large scale power generat ion where the volumes 
imported would need to double to around 400 PJ.
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Addit ional  l iquid biofuels for t ransport  would need to come from internat ional  markets 
(between 100 and 150 PJ, depending on the volumes avai lable f rom the UK),  but in 
industry’s v iew the necessary mater ia ls could be procured whi le respect ing str ingent 
sustainabi l i ty cr i ter ia.  Figure 7 shows a s impl i f ied pattern indicat ing the pr incipal  ways 
in which feedstocks are l ikely to be used by 2032, taking account of  the character ist ics 
of  the fuels involved.

Figure 7 •   Principal Availability and Use of Feedstocks – 2032 (PJ)
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Wood fuels:  the UK-based suppl ies of  wood fuel  f rom forestry,  sawmil l  residues and 
arbor icultural  appl icat ions are assumed to be pr incipal ly used to supply heat markets, 
where there is good matching between the widely dispersed nature of  the supply which 
al igns wel l  with the most l ikely markets in rural  areas.
 
Perennial  crops (such as miscanthus and short rotat ion forestry) :  wi l l  a lso be used 
to supplement the products f rom forestry and t imber industr ies in the heat ing market. 
The volumes required by 2032 imply a planted area of some 450,000 hectares by then 
(assuming a y ie ld of  around 10 oven-dry tonnes/ha/year) .

Solid biomass fuels (such as wood pel lets) :  f rom overseas markets,  current ly used for 
large scale generat ion,  are l ikely to be the fuel  of  choice for expansion of th is type of 
use, given the need for such large scale supply.  Del iver ing the fuels in quant i ty by sea 
and rai l  has cost and GHG benef i ts. 

Waste fuels (such as MSW and waste wood):  are assumed to be pr incipal ly used 
in large scale CHP plants given the neeed for the plants to be f i t ted to meet Waste 
Incinerat ion Direct ive Emission standards. They wi l l  supply a proport ion of  the 
heat required for the expansion of urban heat networks.  Some mater ia l  could also 
be diverted to thermal gasi f icat ion when the technology is in operat ion,  or used in 
industr ia l  processes such as cement manufacture. 

“Wet wastes” (such as food wastes, sewage sludge and animal manures):  wi l l  be 
pr imari ly used to produce biogas (a long with landf i l l  and sewage gas)  which can ei ther 
be used direct ly or upgraded to methane for heat and transport  uses.

Crops designed for biogas production:  wi l l  be used to complement wet waste 
suppl ies. 

Agricultural  wastes (mostly cereal  straw):  wi l l  be used in a number of  appl icat ions, 
but i ts character ist ics favour i ts use to complement other agr icutural  resources as a 
feedstock for anaerobic digest ion, or as a feedstock for making cel lu losic ethanol  as 
a supplement to other ethanol  feedstocks, rather as a feedstock for combust ion or 
gasi f icat ion.

Other biofuels crops: can be produced where this provides agr icultural  benef i ts 
without impact ing on food product ion, and supplemented by fuels imported from 
the internat ional  market (pr incipal ly to serve the transport  market but with other 
appl icat ions such as biopropane for heat ing, or as a blending fuel  in heat ing oi ls ) .
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Benefits

GHG Benefits

The GHG benef i ts associated with the contr ibut ion from bioenergy in 2032 have been 
est imated based on emission factors for the fuels most l ikely to be replaced (Figure 8) .

Figure 8 •   Emissions Savings Associated with Bioenergy Vision – 2032

 

In total  the reduct ion in GHG emissions due to fossi l  fuel  replacement amounts to 
some 41 MTCO2e in 2026 and to 65 MTCO2e in 2032.  A further 23 MTCO2e, could be 
saved due to recycl ing or storage of CO2 separated from bioenergy processes (exist ing 
processes and newly instal led capacity with purposed designed capture systems by 
2032.

This means that implementat ion of the proposed vis ion and strategy could play a major 
role in reducing the predicted emissions overshoot of  10-65 MTCO2e for the end of the 
4th and 5th carbon account ing per iod (CCC 2018a).
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Energy Demand and Security

The proposed deployment would contr ibute an addit ional  215 PJ – 60 TWh to the supply 
of  heat in the UK without cal l ing on the electr ic i ty supply and distr ibut ion system. The 
addit ional  bioelectr ic i ty generated would amount to some 57 TWh.

Taken together these two contr ibut ions reduce the need for other low carbon generat ion 
needed to supply the growing demands for heat,  t ransport  and other uses by 117 TWh – 
more than enough to close the predicted “nuclear gap” of  72 TWh (Carbon Br ief  2019). 

Jobs

In 2017 the REA economic survey indicated that there were over 46,000 jobs associated 
with bioenergy act iv i t ies in the UK, and provided a sectoral  breakdown (REA 2018).
 
A prel iminary est imate has been made of the number of  jobs that would be st imulated i f 
the v is ion presented here was del ivered, by scal ing up the number of  jobs in each sector 
according to the proposed increases in energy del ivered. The results are shown in Figure 
9,  which indicates that the total  might r ise to 90,000 by 2026 and to 120,000 jobs by 
2032.

Figure 9 •   Employment in Bioenergy Sector
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This est imate may overstate the level  of  employment as some economies of scale 
should be possible.  Further work would be needed to ident i fy more precisely the 
number of  jobs and other socio-economic benef i ts associated with such growth in the 
sector.  Nonetheless the total  is  l ikely to r ise to over 80,000 by 2026 and over 100,000 
by 2032.

	 4.	 Bioenergy Strategy – Next Steps

This report  has spel led out a v ison for the further development of  bioenergy in the 
UK unt i l  2032, making an immediate contr ibut ion to carbon savings whi le a lso laying 
the basis for the deployment of  technologies with enhanced carbon benef i ts.  I t  has 
also quant i f ied some of the benef i ts and explained how such developments can assist 
del ivery of  the UK’s low carbon strategy.

However,  such a v is ion wi l l  only be real ised with a support ive pol icy and regulatory 
f ramework,  which provides long-term conf idence to investors whi le sett ing str ict 
standards for sustainabi l i ty management.  The CCC point out that such a pol icy and 
regulatory f ramework is a s ine qua non for the whole of  the UK low carbon strategy, 
and this is part icular ly the case for bioenergy. 

As pointed out in the f i rst  report  produced under this project,  progress in bioenergy 
over the last  ten years has been st imulated by a number of  support ive pol icy measures, 
but they have been progressively removed in the last  few years and there is now a 
pol icy gap inhibi t ing further development and investment.  A new framework is urgent ly 
needed which ref lects the increased matur i ty and improved cost effect iveness of a 
number of  bioenergy sectors,  whi le recognis ing the need to support  the emergence of a 
further range of technology solut ions which can play a role in increasingly chal lenging 
carbon targets.

In the third and f inal  phase of th is project a set of  proposals for such an appropr iate 
pol icy and regulatory f ramework wi l l  be developed in discussion with industry and 
government stakeholders,  a long with a set of  further act ions which wi l l  be required to 
del iver the v is ion set out here.
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Units of measure and conversion factors

Units of Measure

ki lo (k)  	 103 

mega (M) 	 106 

giga (G)	 109 

tera (T)  	 1012 

peta (P)  	 1015 

exa (E)  	 1018

EJ 	 exajoule

GJ	 gigajoule

ktoe	 ki lotonnes of oi l-equivalent

kWh	 ki lowatt-hour

Mtoe	 megatonnes of oi l-equivalent

MJ	 megajoule

GW 	 gigawatt

GWh	 gigawatt-hour

TWh	 terawatt-hour

Conversion factors

1PJ = 277.8 GWh = 23.9 ktoe 

1ktoe = 41.868 TJ = 11.63 GWh

1 MWh = 3.6 TJ = 85.98 toe
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