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1. Introduction			
The UK is one of the first countries to legislate for a net-zero emissions reduction target. 
Emissions of all greenhouse gases need to be reduced to net-zero by 2050. Furthermore, the 
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2. Exploring	the	role	of	BECCS		
Each scenario includes a different combination of outcomes across these factors (see G++*+L!
'(A(+($C(!8*:+C(!$*,!A*:$5M). They were developed initially as a narrative description of 
change between now and 2050. These narratives were then quantified using an energy 
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emissions. High biomass availability enables BECCS deployment at a large scale in the 
power sector, complemented by 50 million tonnes of removals from direct air capture.    

C. @*S!4#*<%88!Q@4RM Constraints on the availability of biomass affect some energy 
generation and negative emissions options. This is partly due to a lack of confidence in 
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3. What	role	could	BECCS	play	in	the	UK?	
By committing to reaching net-zero GHG emissions by 2050 the UK government has 
subscribed to energy pathways that mark a significant departure from ‘business as usual’. 
Reaching these targets will be challenging. The first N(,
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for the NZ scenario, these prioritise the use of biomass for hydrogen production (with CCS) 
over a smaller use in power BECCS. This hydrogen is used in a mixed industrial sector, where 
clean electricity and direct biomass combustion also play a role. The transport sector is only 
partially decarbonised, since fossil fuels continue to be used in

(tyn
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Figure 4 - Emissions removed or mitigated in the NZ scenario 

The G$E#$((+(5!'(<*3%&8!QG'R scenario explores a future where there are delays in 
emissions reductions in some sectors. The response is a strong push for the deployment of 
engineered removals via BECCS and direct air capture, as well as mitigation through 
hydrogen production using natural gas with CCS. These technologies are developed earlier 
than in the NZ scenario, and are available by from the late 2020s. Deployment grows at pace 
and delivers carbon capture efficiency levels that exceed expectations, reaching close to 
100% capture by 2050. The ER scenario is also optimistic about biomass availability, 
including imports from fast developing international markets. It assumes the highest levels 
of biomass availability of all five scenarios.  
 
The result, shown in G++*+L!'(A(+($C(!8*:+C(!$*,!A*:$5MFigure 5, this is a scenario which is 
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Both these assumptions come with the significant risk that any delay may leave the net-zero 
target out of reach. On the CCS technology side, a lack of early support and of long-term 
investment for complex technologies and infrastructures could lead to much slower 
progress with engineered removals. On the biomass supply side, the high levels of demand 
assume that international markets for sustainable biomass will be both available and 
underpinned by credible supply chain governance systems. These two risks are explored in 
more detail in the @*S!4#*<%88!Q@4R and '(5:C(5!'(<*3%&8!Q''R scenarios. 
 
The LB scenario combines a cautious approach to both domestic and international biomass 
availability for energy markets with a medium ambition in terms of remo
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A*:$5M). As a result, there are 40MtCO2 of residual emissions in 2050 from hard to 
decarbonise sectors.   
 
The fifth @*S!J(<%$5!Q@JR scenario explores the impact of reducing the demand for energy 
and other products. This scenario takes a relatively conservative view of what could be 
achieved through demand reduction. It combines technical solutions with changes in the 
choices made by citizens. Examples of the former include better roll-out of energy efficient 
technology in end-use sectors across the residential, industrial and service sectors. The 
latter includes changes in diets that reduce the pressure on land requirements and 
emissions from the agricultural sector, and reductions in car ownership and flying. 
 
Taken together, these changes lead to savings of 14MtCO2e in 2050. This is achieved 
through halving consumption of meat and dairy, a 35% shift away from personal car 
transport, an 11% increase in rail (compared to 2018 levels), and a 15% reduction in aviation 
passenger numbers. This scenario also includes an increase in efficiency measures that 
reduce heat requirements by 15% in the service sector and a reduction in industrial energy 
use by an additional 4.7% compared to the NZ scenario. Taken together, these measures 
illustrate what more ambitious efforts to reduce demand can achieve without lowering 
quality or life or energy service levels. It is possible to go further, and to achieve lower 
energy demand than in the LD scenario8.  
 
Figure 5G++*+L!'(A(+($C(!8*:+C(!$*,!A*:$5M shows that this scenario relies on a mixed role 
of BECCS in both power and hydrogen applications. The first provides 17TWh electricity in 
2050, but delivers 24% of the net removals required in this scenario (18 mtCO2). The second 
sequesters 19 mtCO2 
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different species of energy crop9, including non-native options, and one mixed native 
species approach to afforestation and reforestation. Summarised in Table 2
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4. Is	BECCS	sustainable?	
BECCS sustainability concerns 
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livelihoods, and Indigenous rights (Creutzig et al 2021). All these risks should be carefully 
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5. A	policy	framework	for	BECCS		
In the light of this analysis of the potential role of BECCS and the implications, what should 
the policy framework for BECCS look like? In this section of the report, we set out some of 
the features of this framework, with a focus on innovation policies, incentives for the 
deployment of GGR options including BECCS, and regulation of biomass supply chains.  
 
These proposals build on three important principles: 

1. Government policies must prioritise actions to reduce emissions first. Emissions across 
the UK economy should be reduced as much as possible in the short-
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example, all of the key elements of the ‘Drax model’ of large scale biomass combustion with 
post-combustion carbon capture and storage have been implemented in practice, albeit 
separately. 
 
However, the use of BECCS for hydrogen production, which is the main use of BECCS in 
some of this report’s scenarios, has not been implemented fully. This is because hydrogen 
production would require biomass gasification at scale, followed by the separation of the 
synthetic gas into CO2 (for transport and storage) and hydrogen. Biomass gasification has 
been trialled at smaller scales, including for hydrogen production, but has not yet been 
implemented at a large scale (IEA Bioenergy, 2018). Therefore, there may be a case for the 
UK government to support one or more BECCS demonstration projects for hydrogen 
production at an early stage. This will provide vital evidence about real-
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This more specific approach to supporting BECCS would need to be designed and 
implemented carefully, with regular evaluations of carbon removals achieved across the 
biomass supply chain (see below). Monitoring and evaluation will also need to examine 
emerging experience with costs and technical performance to ensure that the UK doesn’t 
lock itself in to BECCS supply chains that do not offer the most cost effective, sustainable 
contributions to energy production and removals. As our scenarios illustrate, there may be 
finely balanced judgements to make about the sectoral focus of BECCS investment. 
Switching that focus, for example from power to hydrogen, will get increasingly difficult as 
infrastructures are built and sunk costs increase over time. 
 
Regulations for BECCS sustainability 
UK bioenergy production has doubled in the last decade, mostly driven by policy initiatives 
focused in three key sectors: transport, heat, and electricity generation (ESO FES 2020). The 
Renewable Transport Fuel Obligation (RTFO) incentivises the inclusion of bioethanol, 
biodiesel, and bio-methane in fuel blends. The Renewable Heat Incentive (RHI) incentivises 
the use of biomass in home boilers and increased biomethane into the natural gas network. 
The Renewable Obligation (RO) incentivises the use of solid biomass for power generation.  
 
In 2019, a total of 323 petajoules (PJ) of biomass was used in the UK: about 49% for heat 
generation, 38% for electricity, and 13% for transport biofuels (REA 2019). It is interesting to 
note that each sector was powered by different biomass feedstocks. Heat generation was 
fuelled by agricultural and forestry residues, and by energy crops cultivated in the UK. By 
contrast, large scale electricity generation was supported by imported wood pellets. 
Transport biofuels came from imported liquid fuels and methane from waste fractions.  
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As shown in section 4, the demand for wood pellets increases significantly across the five 
scenarios. This includes both imported and domestically produced wood pellets from energy 
crops and forestry residues. Current bioenergy regulations in the UK cover some key 
sustainability issues related to sourcing biomass. The RTFO specifies indirect land use 
change rules, definitions of dedicated energy crops, and maximum shares of crop-derived 
biofuels in the national mix, to avoid competition for land with other uses. The updated RHI 
(2020) criteria include comprehensive sustainability indicators including forest monitoring, 
reporting and verification to demonstrate that forest productivity is maintained, local 
ecosystems are not harmed, biodiversity is maintained. Social indicators, such as labour and 
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welfare, health and safety, are also specified, but only required to meet local and national 
legal requirements. These regulations have been evolving over time to include relevant 
sustainability concerns signalled by the scientific community. As the bioeconomy is 
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