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Summary 

This report is the Annex to the report ñUK and Global Bioenergy resourceò written by AEA for 

DECC, December 2010. 

It provides details of the general methodology for the work presented in that report and more 

information on the data used in the report and the results for each feedstock. 

For each UK biomass feedstock it presents details of the main assumptions used to estimate 

the supply, a summary of the constraints analysis and a detailed summary of the results. 

 

The Global analysis provides details the main assumptions in estimating supply. 
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UK Feedstock: Methodology  

Figure 1 provides a schematic of the methodology used for the UK feedstock analysis. 

Figure 1 Diagrammatic presentation of the methodology for UK resource estimates 
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Constraint analysis for UK feedstock 

The starting point for the analysis of the supply of UK sourced feedstocks was to estimate the 
óunconstrainedô potential. Competing demands ï for example food, or feedstocks used by industry ï 
were then taken into account, providing a UK bioenergy sector óaccessibleô potential.  How much of 
this could actually come to market depends on the ability of the supply side to overcome barriers ï 
which gives a óconstrainedô supply potential.  

The unconstrained resource was estimated from data in the literature. The starting point for all 
estimates in this work was the E4Tech (2008) analysis, unless additional data had been made 
available in the intervening period.  For example, WRAP has just completed a more extensive survey 
of waste wood that was used in our analysis but not available to E4Tech in 2008 (WRAP, 2009).  In 
addition, in some cases we interpreted or extrapolated data using different assumptions in order to 
ensure that they were in line with other estimates we were using (for example, landfill gas, food waste 
for AD and energy recovery from the renewable fraction of waste were estimated so that there was no 
double counting of the same resource; and our analysis of landfill gas production was based on 
different assumptions to E4Techôs).  The sources of data are listed in the modules for each feedstock 
in this Annex. 
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Having obtained figures for the unconstrained resource, we then subjected the estimates to constraint 
analysis (see Figure 2).  Starting from the unconstrained resource, a view was taken on the competing 
uses and whether or not this competition is price dependent.  Competition for biomass feedstocks 
includes the use of agricultural land for food, feed and other non-food uses; the use of wood for 
timber, paper, pulp and panel board; the use of waste in recycling or compost; and the use of biomass 
for biomaterials.  Estimates were based on data from the literature, from Government statistics or from 
sector associations, together with expert judgement based on our experience of the sectors and 
examination of the prices paid by competing sectors.  Only the price dependent resource was 
considered to be potentially available to the bioenergy sector (i.e. the unconstrained resource minus 
the price-independent competing uses provides an indication of the ñaccessible potentialò for 

bioenergy).  

A view was then taken on how much of the accessible potential is likely to reach market under 
different assumptions about how far barriers are overcome, resulting in an estimate of the 
ñconstrained potentialò for bioenergy use. 

This approach simplifies the situation somewhat in that sometimes constraints affect competing use as 
well.  However, this effect was not considered significant for this work. 

Figure 2 Diagrammatic representation of unconstrained and various constrained resource 
potentials 
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Estimation of competing uses 

Competing uses were estimated using data from the literature, from Government statistics or from 
sector associations.  They were based on real data where ever possible.  An expert view was then 
taken on how much of this competition was sensitive to price, and, therefore, available to the 
bioenergy sector at higher prices.  These estimates were based on knowledge of the competing 
sectors (from literature and from our experience of these sectors), and examination of the prices paid 
for the feedstock by competing sectors.  In some cases there are examples of competing uses where 
a proportion of the biomass will never be available to bioenergy.  Details are provided in the feedstock 
modules in this Annex. 

Constraints estimates 

Although there are data available on factors that constrain the use of biomass, sometimes with an 
indication of how much of the resource is constrained in this way, on the whole this is an area where 
expert opinion is required and the analysis is less certain.  

Constraints were estimated using a combination of information from the literature and our own expert 
opinion, drawing on technical reports and our own expertsô experience of bioenergy.  Expert 
experience is based on work in the sector over a period of years, experience of consultations and 
discussions with key stakeholders

1
  and a general knowledge of barriers to development of biomass 

resources.  Many of the sources of information (e.g. the first year of the RTFO (RFA) and WRAP 
analysis of the waste processing sector (WRAP2007-2009) indicate important barriers that need to be 
overcome for the full resource to be supplied. 

Together these sources provide us with good knowledge of the policy environment (including the 
impacts of policy changes), a good level of understanding of technical and infrastructure development 
in all bioenergy sectors, knowledge of sector needs and an understanding of the uncertainties and 
perceptions of suppliers.     

The analysis concentrated on understanding how the accessible potential might be achieved and what 
the constraints that need to be addressed are.  The constraints assessed were:  

 Market constraints 

 Policy and regulatory constraints 

 Technical and  

 Infrastructural constraints 

The analysis considered the importance of each constraint (in terms of the relative amount of resource 
it influences), how difficult the constraints are to address (easy, moderately hard or hard), and which 
are the ones that might enable fastest returns if addressed. 

Constraints that acted on only a portion of the supply, or that could be addressed providing relatively 
low investment was made, were considered easy to address.  Likewise, policy issues that could be 
addressed by stable UK policy or by clarification of specific points were also regarded as easy to 
address, as it is within the power of Government to influence these issues. 

                                                           

1
 For example, AEA have been involved in consultations and work with the waste sector, the biofuels sector and biomass users 

and suppliers as part of other work over the past two years. Examples of this include a review of the impact of the RTFO in 

which the biofuel sector were consulted, our work on collection of Renewable Energy Statistics for DECC; and regional work in 

Yorkshire and the South West in which we were involved in consultations with relevant sectors.  We are also involved in work in 

both the public and private sector in the waste area. In addition we worked on this project with Forest Research, who run the 

Biomass Energy Centre and have a good understanding of forestry in the UK and globally. 
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Technical and infrastructure issues requiring investment or a degree of research were assessed as 
easy or medium constraints, depending on the level of investment required and the extent of the 
problem. 

Constraints that require considerable change in current practices (e.g. in waste management), new 
technical development were considered to be hard to overcome.  Other constraints are by definition 
very difficult to address (e.g. terrain can sometimes provide a very significant barrier to development of 
forestry residues).  These may not be possible to address in the time scale under consideration.   

We then considered how the impact of each constraint may change over time  For example, some 
logistical issues, such as planting material and equipment for energy crops, provide a constraint that 
may be overcome within the timescale being considered, but restrict the resource available in the near 
term. 

The impact each constraint had on each feedstock was a matter of judgement, based on information 
available and the expertôs own experience of the sector.  This means that the results are somewhat 
subjective and uncertain. The details of how the constraints were decided for individual feedstock are 
given in the feedstock modules in this Annex. 

Price points assessed. 

Finally we considered how the impact of each constraint may change depending on the price 
achievable for the feedstock.  As well being a function of technical availability and non-financial 
barriers, supply is also a function of price ï with higher prices, some of the constraints discussed 
above will be overcome by the market. We considered 3 price levels: £4/GJ, £6/GJ and £10/GJ 
representing prices for the supply of the feedstock in bulk, and for woody fuels assuming supply as 
chips for biomass heat.  The lower bound was chosen to be broadly consistent with current prices of 
bulk chips, while the mid and upper price points were chosen to show how supply might increase if 
prices for feedstocks increased in the future. A  high price of £10/GJ was chosen as the upper bound, 
so that the full impact of price in determining availability could be seen (for example previous 
estimates by E4Tech (2010) considered  Ã9.4/GJ to be a  óvery highô estimate of bulk prices for chips 
in 2020).  £6/GJ was considered to be a more realistic estimate of the level that prices might rise to in 
the short to medium term. 

The methodology for each UK feedstock and the results obtained is presented below. 

This is followed by detail on the international feedstocks.  

 

. 
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Chapter 1: UK Wood Fuels 
UK wood fuels ɀ Summary of assumptions and results  

This section contains a summary of the main assumptions made in the analysis of UK clean wood 
based biomass feedstocks, and the results for the specific feedstocks.  A summary is presented for 
each feedstock, followed by additional details, results and a summary of constraints.  

Feedstocks for clean wood fuels in the UK could be supplied from forestry residues, small round 
wood, sawmill residues, arboricultural arisings and short rotation forestry.  Waste wood is also a 
significant wood resource, but we have included it in the waste feedstock results.   

Figures 3 and 4 show the wood fuel resource at £4/GJ (no constraints addressed) and £10/GJ (easy 
and medium constraints addressed).  These indicate that there is a large potential to increase some of 
the wood resources including forestry residues, stemwood and arboricultural arisings; and that there is 
a potential for a significant contribution from short rotation forestry in 2030.   These resources are 
increased with price (from 23PJ/y at £4/GJ in 2010 to 113PJ/y at £10/GJ in 2010) and time (to 46PJ/y 
at £4/GJ in 2030 and to 121PJ/y at £10/GJ in 2030). 

Figure 3 Clean wood fuel availability in the UK at £4/GJ, no constraints addressed. 
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Figure 4 Clean wood fuel available in the UK at £10/GJ with all easy and medium constraints 

addressed. 
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Sawmill residues  

Summary of assumptions and results  

Unconstrained 
Potential 

 

1.6M odt  

30PJ 

 

 

 

Assumptions 

 Clean wood residues from timber processing (chips, slabs, sawdust and 
bark). 

 Finite resource. 

 Current uses include animal bedding and panel board manufacture.  
The latter represent the largest current users of this resource (about 
50% of resource) 

 Most resource comes from large sawmills, although there are also a 
number of small hardwood mills scattered around the country. 

 The unconstrained potential does include competing uses for panel 
board and pulp mills. 

 Source of data: Forestry Commission. 
Physical constraint: finite resource, dependent on wood processing in UK. 

Unconstrained potential assumed not to increase between 2010-2030 on the 
basis that UK timber processing tends to remain stable (CONFOR 2010).   

Cost  Drying, processing (to fuel), transport.  Wrap estimate cost of raw material £15-
£30/t at mill.  Costs of processing not included in this analysis.  

Competing uses Assumptions on competing uses:  

Horticultural wood chips and animal bedding are high value products. 

Panel board manufacture is dominant market (assumed that half of sawmill co-
product goes to this route).  

Result: 

Competition accounts for up to 50% of unconstrained potential. 

Constraints: 

 

Low: 

- Incomplete or immature supply chain 
- Cost of certification for sustainability 

Medium: 

- Volume of sawlogs coming to mills 
- Returns insufficient 
- Achieving appropriate fuel specification 
- Bark content 
- Processing capacity (for pellets or briquettes) 
- Collection from small dispersed processors. 

High: 

- Volume of sawlogs coming to mills 
- Returns insufficient 
- Inertia/disinterest 

Competing feedstock uses that are dependent on energy price 
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Results - Half supply available at £4/GJ, increasing to over two thirds supply at £10/GJ.  
Likely that competing uses will also increase price willing to pay, so total resource 
never available  

- Competing markets are very important in impacting price and supply (and vice 
versa) 
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Additional details 
Timber for saw logs is removed from the forest for timber processing, but there is also a considerable 
residue resource available from sawmills: 

 Sawmill residues ï these include bark, off cuts and sawdust, which are currently used in 
energy in the UK. They are a finite resource, the production of which is dependent on timber 
production in the UK.  Current competing uses include the manufacture of panel board and 
animal bedding.  These current uses represent the main constraints on the use of sawmill 
residues for energy. 

Current estimates of the sawmill resource are shown in the Table above.  Forest Research has 
updated this estimate using its own data to provide an unconstrained resource of 1.6M odt/y. We have 
assumed that just under half of this resource (0.7Modt/y) has a competing use, all of which is 
dependent on price. 

Constraints  

The major constraints on this resource, accounting for a decrease of some 50% in supply, are: 

 The volume of sawlogs coming to mills ï any potential for increase comes from the non 
Forestry Commission managed wood land.  Bringing these woodlands into management also 
involves overcoming barriers such as insufficient returns and inertia/disinterest in managing 
the woodlands.  Even if this were achieved there would be a time lag before the full potential 
for good quality sawlogs could be realised. 
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 Competing feedstock uses that are dependent on energy price. 

In addition there are technical considerations which constrain supply by less than 5%: 

 Achieving specifications for wood fuel requirements (e.g. the need for high quality chip, low 
bark content and drying to the right moisture content). 

Other important but more minor constraints, accounting for less than 5% of supply constraint are: 

 The need to establish a market supply chain and to stimulate demand  

 The cost of compliance with sustainability certification 

These constraints are difficult to overcome even at high price and up to 2030 at all prices we consider.  
In our analysis the market remains constrained to about 70% of accessible potential. To overcome the 
major constraints would require major investment in under managed woodland and a change in the 
market for competing uses.  Unless the price of bioenergy feedstock rises significantly we do not think 
this will happen. 
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Detailed Results 
Feedstock name: Category:

Feedstock calorific value (GJ/Te): 19 Current use for energy (MTe): 1 MTe

Current use for energy (TJ): 13 TJ

Energy applications: Data source:  Forestry Commission Woodfuel Statistics

Scale:

2010 2015 2020 2025 2030

1.6 1.6 1.6 1.6 1.6

30 30 30 30 30

0.7 0.7 0.7 0.7 0.7

0% 0% 0% 0% 0%

1.6 1.6 1.6 1.6 1.6

30 30 30 30 30

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

57% 52% 47%

3% 1% 0%

24% 21% 19%

30% 30% 28%

45% 43% 40%

2% 1% 0%

18% 17% 16%

25% 25% 24%

32% 30% 30%

1% 0% 0%

11% 10% 10%

20% 20% 20%

2010 2015 2020 2025 2030

30 30 30 30 30

Constrained potential at £4/GJ: 13 14 15 15 16

1 1 0 0 0

7 7 6 6 6

9 9 9 9 9

Constrained potential at £6/GJ: 17 17 17 18 18

1 0 0 0 0

5 5 5 5 5

8 8 8 7 7

Constrained potential at £10/GJ: 21 21 21 21 21

0 0 0 0 0

3 3 3 3 3

6 6 6 6 6

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Volume of logs to sawmills

2) Competing uses

3) returns insufficient

4) Dispersed resource

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at £10/GJ feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £6/GJ feedstock price:

2) Pulp mills

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base feedstock price (£4/GJ):

1) Panelboard manufacture

Environmental constraints assumed: none

Any assumptions re competing land use: N/A

Other: 

Competing uses for this feedstock:

Upper resource cost limit, if applicable: £18/GJ

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock that 

are independent of price.

éof which % that are independent of price:

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: Forestry commission wood fuel statistics

Physical constraints: limits in availability

Main conversion technology: Combustion

Unconstrained feedstock potential (MTe):

Unconstrained feedstock potential (PJ):

Sawmill co-products UK wastes and residues non-tradable

Competing feedstock uses at £4/GJ (MTe):

Annual resource potentials

Available for bioenergy use (MTe):

Electricity, Heat, Advanced biofuels

Domestic, Commercial, Industrial
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Constraints 

Ability to 

overcome
£4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ

Easy 2% 1% 1% 1% 1% 0% 0% 0% 0% 0% 0% 0% 3% 2% 1%

Medium 20% 15% 10% 0% 0% 0% 2% 2% 1% 2% 1% 0% 24% 18% 11%

Hard 30% 25% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0% 30% 25% 20%

Sum 52% 41% 31% 1% 1% 0% 2% 2% 1% 2% 1% 0% 57% 45% 32%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price (£4/GJ)

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 2% 1% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% 3% 1% 0%

Medium 20% 20% 18% 0% 0% 0% 2% 1% 1% 2% 0% 0% 24% 21% 19%

Hard 30% 30% 28% 0% 0% 0% 0% 0% 0% 0% 0% 0% 30% 30% 28%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

Sawmill co-products
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Forest Residues and Small Round wood 

Summary of assumptions and results 

Forest residues 

Unconstrained 
Potential 
1M odt/y (18PJ) 

Assumptions 

 Estimate of resource comes from a combination of sources including 
forestry commission statistics, Carbine and ADAS (2008) data.  The 
Forestry Commission (Ref: Woodfuel resource in Britain) estimated around 
0.95 M odt/y and this figure has been updated to 1M odt/y using the other, 
more recent references.   

 Forest residues comprise brash, stumps and small round wood not 
suitable for other purposes. 

 Some of this resource is important to forestry operations, maintenance of 
the environment of the forest and structural stability of soil.  This has 
assumed to be 50% of the resource and has been excluded from the 
estimates in this work. 

Physical constraints: terrain, forestry operations (determined by demand in other 
sectors). 

Cost  Factors affecting cost: 

 Harvesting costs, need to purchase specialist equipment.  

 Need to dry and store timber  

 Need to meet fuel specifications. 

 Potential cost of certification 

 Cost of investment in uncertain policy environment 

 Transport (and cost of transport infrastructure in under-managed wood 
lands) 

Competing 

uses 

Assumptions on competing uses: None 

Assumed that environmental constraints result in up to half resource not being 
available.  This resource is not included in our estimates. 

Constraints: 

 

Low: 

- Lack of local demand 
- Cash flow issues 
- Immature/incomplete supply chain 
- Planning constraints 
- Lack of capital grants for investment in supply 
- Lack of long term stable policies to enable investment. 
- Achieving fuel specifications 
- Availability of harvesting equipment. 
- Lack of transport infrastructure. 

Medium: 

- Returns insufficient 
- Supply chains for under managed wood land. 
- Cost of harvesting equipment (substantial up- front investment required. 
- Cost of certification for sustainability 
- Timber drying space and facilities 

High:  

- Returns insufficient 
- Inertia/disinterest 
- Competition from existing applications 
- Terrain difficult to access and harvest. 
- Environmental constraints. 
- Use of brash for matting for ground protection. 
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- Small round wood expensive to harvest 

Results Insufficient returns, lack of interest on part of forestry owners, investment costs and 
difficulties in obtaining resource due to lack of infrastructure and terrain mean that 
even at £10/GJ only half of the resource is accessible by 2030. 

At £4/GJ less than 12% resource is accessible. 

Long term, stable policy and investment environment is important 
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Small round wood (SRW) 

Unconstrained 
Potential 
 
3.3Modt/y 
(63PJ/y) 
Constant over 
time period of 
report. 

Assumptions 

 Produced as part of the first pass forestry operation 

 Only produced if there is a market. 

 More small roundwood could be taken from the forest and could be used as 
a fuel wood supply.   

 Small round wood is currently produced to meet market demand, so the 
major constraint on the use of what is currently produced is related to 
competition from other markets  
 

Physical constraints: Terrain constraints will make it difficult and expensive to 
harvest timber.  

Yield rates Current yield rates t/hectare by land type and for different crops. 
Improvement assumed in yield rates over time. 

Cost  Factors that influence costs include investment in harvesting machinery, need to 
overcome terrain and infrastructure issues. 

Competing 
uses 

Assumptions on competing uses: 
Panel board manufacture, pulp mills, fencing.  Assumed that competition is price 
dependent and that increased demand might change harvesting practice to obtain 
more supply from forest and also might bring more forest land into management. 
 
Result: Potentially 1M odt/y would go to competing uses, depending on price. 

Constraints Low: 
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- Lack of local demand 
- Cash flow 
- Immature supply chain 
- Planning constraints 
- Lack of grants for capital investment 
- Lack of long term, stable policies to enable investment. 
- Achieving fuel quality specifications. 
- Low bulk density 
- Lack of understanding of fuel quality standards 
- Convenient, low cost basic fuel standards testing 
- Lack of transport infrastructure 

Medium: 
- Returns insufficient 
- Requires substantial up-front investment. 
- Cost of certification for sustainability 
- Difficult terrain 
- Lack of timber drying and storage facilities 
- Lack of harvesting and collection infrastructure. 

High: 
- Returns insufficient 
- Inertia/disinterest 
- Competition from existing markets 
- Difficult terrain 
- Small woods expensive to harvest 
- Risk of ground damage 
- Harvest site access 

Results Accessible resource increases with time, but increases more rapidly with cost, showing 

that price dependency is important. Total resource is never accessed.  This is because 

some of the hard to overcome constraints are never  

Long term, stable policy and investment environment is important addressed. 
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Additional details for forestry residues and SRW. 

There are two main potential sources of wood for bioenergy from forests: 

 Forestry residues ï comprise small stem wood not suitable for other purposes, small 
branches, and brash usually left on the forest floor.  These could be obtained as part of 
current forestry operations, but to do this there is a need for additional investment to enable 
their collection either as part of the first pass forestry operations or for collection from the 
forest in a second pass operation.   Some of this resource is important to maintenance of 
biodiversity and soil structure and carbon.  In this analysis it is assumed that 50% of the brash 
remains in the forest, for use as matting and for environmental reasons.  It was also assumed 
that roots were not removed for bioenergy purposes.  The main constraints on the current use 
of forest residues include terrain and other land/soil issues that make it difficult to harvest and 
collect the residues; a need to invest in equipment for harvest and collection; and the 
establishment of a supply/market chain for the product.  Our results indicate that there is an 
unconstrained resource of around 1M odt/y from this source (McKay et al 2008, updated by 
figures available to Forest Research). 

 Small round wood (SRW) - produced as part of the first pass forestry operation.  Generally 
SRW is only produced if there is a market.  Forestry operations could be altered to obtain 
more SRW from the forest, which could be used as a fuel wood supply.  The major constraint 
on what is currently produced is related to competition from other markets.  Our results 
indicate that there is an unconstrained resource of 3.3 M odt/y of small round wood that could 
be used for bioenergy (McKay et al 2008, updated by figures available to Forest Research). 

 

Estimates from the literature include: 

Table 1 Estimates of forest residues in the UK  

Reference Current resource  
(M odt) 

Future resource 
(M odt) 

Competing uses 

McKay et al (2003) 0.9 ï residues 
2.1  - SRW 
0.9 ï Sawmill co-
products 

Not estimated Panel board, pulp mills, 
fencing and other ï 
2.26 M odt total. 

Kilpatrick et al (2008) 4.2 ï includes all forest 
resource (i.e. includes 
SRW and sawmill co-
products). 

4.2   

The resource available is suitable for use in the heat and power sectors.  Currently use of this 
resource is in small to medium scale heat generation (often in the locality of the source) and in large 
scale power generation.  

Constraints 

The main barrier to forestry residues for bioenergy is that it is not harvested or because woodlands are 
either under managed, or not managed at all. The main reasons for this are: 

 Insufficient returns ï it is simply not economically attractive to manage the woodland as the 
current price for bulk woodfuel is approximately equal to the cost of harvesting, processing 
(drying, chipping), transport, etc., with the landowner typically getting negligible income.  
Harvesting small areas of woodland can be particularly expensive. 

 Inertia/disinterest ï the woodland was not bought, or held, for production purposes.  It may 
have been bought for investment purposes, or held for sporting reasons, or owned as part of a 
farm or estate.  In some cases some periodic clearing of rides might be undertaken to allow 
access, but a management plan has never been drawn up and there is no intention to try and 
extract any timber.  There can also be a perception that unmanaged woodland is more 
ñnaturalò and that allowing harvesting operations will damage the woodland. 
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 Access ï Road access to and into the woodland. 

 Environmental constraints ï risk of soil damage from harvesting  

Other barriers to managing/harvesting existing stocks include: 

 Difficult terrain ï including slope, thus driving up costs 

These are major barriers that are difficult to overcome and we have constrained the resource 
considerably (up to 62%) to account for these issues.  Although some of them might be tackled if the 
price for forestry residues was high, the constraints remain significant (43%). 

Where harvesting/management are being undertaken there can still be barriers to exploiting the 
material obtained for fuel (this generally also applies to arboricultural arisings): 

 Moisture content ï chipped on site for bulk reduction for removal, it can be then difficult/ 
expensive to dry efficiently in chip form. 

 Space to dry (& store) wood, as either roundwood or chip, can be unavailable or insufficient. 

 Chip quality ï unless a specialist (relatively expensive) woodfuel quality chipper is used then 
chip quality can be insufficient for small and medium scale boilers. 

 Lack of knowledge/understanding of fuel standards required 

 (Lack of) Availability of low cost, convenient test stations for basic parameter testing (moisture 
content; chip size/quality) 

 Planning restrictions on using farmland/rural/green belt land for drying roundwood 

 Lack of local demand (in some places) 

 Cash flow (drying wood is time consuming) 

 Lack of specialist (chip) delivery vehicles required for some installations 

 Uncertainty/variability of chip volume and energy parameters 

The constraints above are considered to be much lower than those in the first list and can be 
addressed much more easily with time and increased price for the wood fuel. 
Additional constraints for small round wood (and sawmill residues) 

 Competition with existing markets 
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Detailed Results ï Forest residues and SRW 

Forest Residues 
Feedstock name: Category:

Feedstock calorific value (GJ/Te): 19 Current use for energy (MTe): 0 MTe

Current use for energy (TJ): 5 TJ

Energy applications: Data source:  Forestry Commission Woodfuel Statistics

Scale:

2010 2015 2020 2025 2030

1.0 1.0 1.0 1.0 1.0

18 18 18 18 18

0.0 0.0 0.0 0.0 0.0

100% 100% 100% 100% 100%
1.0 1.0 1.0 1.0 1.0

18 18 18 18 18

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

99% 93% 87%

15% 10% 7%

22% 21% 19%

62% 62% 61%
78% 71% 66%

12% 7% 4%

12% 10% 9%

54% 54% 53%
55% 53% 49%

6% 5% 3%

6% 5% 4%

43% 43% 42%

2010 2015 2020 2025 2030

18 18 18 18 18

Constrained potential at £4/GJ: 0 1 1 2 2

3 2 2 2 1

4 4 4 4 3

11 11 11 11 11

Constrained potential at £6/GJ: 4 5 5 6 6

2 2 1 1 1

2 2 2 2 2

10 10 10 10 10

Constrained potential at £10/GJ: 8 8 8 9 9

1 1 1 1 1

1 1 1 1 1

8 8 8 8 8

Electricity, Heat, Advanced biofuels

Domestic, Commercial, Industrial

Forest residues UK wastes and residues non-tradable

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

Upper resource cost limit, if applicable: £18/GJ

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock that 

are independent of price.
éof which % that are independent of price:

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: Forestry Commission Statistics Unit, CARBINE, Woodfuel resource in Britain study, ADAS report for NNFCC

Physical constraints: Difficult terrain limits resource

Main conversion technology: Combustion

Unconstrained feedstock potential (MTe):

Unconstrained feedstock potential (PJ):

Competing feedstock uses at £4/GJ (MTe):

Environmental constraints assumed: Limits on recovery of residues from forest (50% is assumed to remain in forest)

Any assumptions re competing land use: Based on current land areas devoted to forestry

Other: 

2) Forest soil quality preservation

3) Mulch

Constraints that are easy to overcome

1) Brash mats in harvesting

List the top four constraints:

% reduction at base feedstock price (£4/GJ):

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £10/GJ feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Insufficient financial returns

2) Inertia/distinterest (exacerbated by constraint No. 1)

3) Moisture content

4) Achieving suitable chip quality

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £6/GJ feedstock price:

Constraints that are medium to overcome

% reduction of accessible potential

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome
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Constraints  

Ability to 

overcome
£4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ

Easy 2% 2% 1% 1% 1% 1% 7% 5% 2% 5% 4% 2% 15% 12% 6%

Medium 10% 5% 3% 1% 0% 0% 6% 4% 2% 5% 3% 1% 22% 12% 6%

Hard 19% 14% 8% 0% 0% 0% 33% 30% 25% 10% 10% 10% 62% 54% 43%

Sum 31% 21% 12% 2% 1% 1% 46% 39% 29% 20% 17% 13% 99% 78% 55%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price (£4/GJ)

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 2% 1% 0% 1% 1% 1% 7% 6% 5% 5% 2% 1% 15% 10% 7%

Medium 10% 10% 10% 1% 1% 1% 6% 6% 5% 5% 4% 3% 22% 21% 19%

Hard 19% 19% 19% 0% 0% 0% 33% 33% 32% 10% 10% 10% 62% 62% 61%

Policy/Regulatory Technical Infrastructure

Forest residues

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market
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Small Round wood 
Feedstock name: Category:

Feedstock calorific value (GJ/Te): 19 Current use for energy (MTe): 0 MTe

Current use for energy (TJ): 7 TJ

Energy applications: Data source:  Forestry Commission Woodfuel Statistics

Scale:

2010 2015 2020 2025 2030

3.3 3.3 3.3 3.3 3.3

63 63 63 63 63

1.0 1.0 1.0 1.0 1.0

25% 25% 25% 25% 25%
3.1 3.1 3.1 3.1 3.1

58 58 58 58 58

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

95% 88% 82%

13% 8% 5%

22% 21% 19%

60% 59% 58%
73% 67% 63%

12% 7% 4%

11% 10% 9%

50% 50% 50%
52% 50% 47%

6% 5% 3%

6% 5% 4%

40% 40% 40%

2010 2015 2020 2025 2030

58 58 58 58 58

Constrained potential at £4/GJ: 3 5 7 9 11

8 6 5 4 3

13 13 12 12 11

35 35 34 34 34

Constrained potential at £6/GJ: 16 18 19 20 22

7 6 4 3 2

6 6 6 6 5

29 29 29 29 29

Constrained potential at £10/GJ: 28 29 29 30 31

4 3 3 2 2

4 3 3 3 2

23 23 23 23 23

Electricity, Heat, Advanced biofuels

Domestic, Commercial, Industrial

Small roundwood Internationally tradeable/imports

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

Upper resource cost limit, if applicable: £18/GJ

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock that 

are independent of price.
éof which % that are independent of price:

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: Forestry Commission Statistics Unit, CARBINE, Woodfuel resource in Britain study, ADAS report for NNFCC

Physical constraints: 

Main conversion technology: Combustion

Unconstrained feedstock potential (MTe):

Unconstrained feedstock potential (PJ):

Competing feedstock uses at £4/GJ (MTe):

Environmental constraints assumed: 

Any assumptions re competing land use: Based on current land areas devoted to forestry

Other: Market constraints - SRW only produced if there is a market.

2) Pulp mills

3) Fencing

Constraints that are easy to overcome

1) Panelboard manufacture

List the top four constraints:

% reduction at base feedstock price (£4/GJ):

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £10/GJ feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Insufficient financial returns

2) Inertia/distinterest (exacerbated by constraint No. 1)

3) Much of the resource is difficult to harvest economically

4) Achieving suitable chip quality

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £6/GJ feedstock price:

Constraints that are medium to overcome

% reduction of accessible potential

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome
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Constraints for small round wood 
Feedstock name:

Ability to 

overcome
£4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ

Easy 2% 2% 1% 1% 1% 1% 6% 5% 2% 4% 4% 2% 13% 12% 6%

Medium 11% 4% 3% 1% 0% 0% 5% 4% 2% 5% 3% 1% 22% 11% 6%

Hard 20% 14% 10% 0% 0% 0% 30% 26% 20% 10% 10% 10% 60% 50% 40%

Sum 33% 20% 14% 2% 1% 1% 41% 35% 24% 19% 17% 13% 95% 73% 52%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price (£4/GJ)

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 2% 1% 0% 1% 1% 1% 6% 4% 3% 4% 2% 1% 13% 8% 5%

Medium 11% 11% 11% 1% 1% 1% 5% 5% 4% 5% 4% 3% 22% 21% 19%

Small roundwood

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market

Impact of increasing feedstock price on supply constraints for 2010 

Policy/Regulatory Technical Infrastructure

Small roundwood
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Short rotation forestry (SRF)  

Summary of assumptions 

Unconstrained 
Potential: 

 

O in 2010-2025,  

rising to: 

0.8Modt/y 

(15PJ) in 2030. 

 

Assumptions 

 Assume current trials are successful and planting on larger scale 
begins in 2015. Very little resource realised within timescale of this 
work.  We have assumed 2000 ha planted in 2015 and a further 1000ha 
each year thereafter, resulting in 17,000ha by 2030 and producing 
102,000 odt/y by 2030 at the most. At £ 4/GJ price is insufficient to 
stimulate planting of SRF. 

 Assume first harvest in 2030 

 Land available: Livestock density increased to allow access to land  

Physical constraint: Planting rate and rotation time. Typical rotation likely to be 
8-20 years. 

Need completion of current trials to plug knowledge gap.  

Result: proposals are for planting on rough grazing land in West, NW Scotland 
and upland areas of north, west and SW England. Estimate conversion of 10% 
permanent pasture and 20% rough grazing to SRF. (Kilpatrick et al 2008). 

Total: 1.8Mha availability that would produce 7.5Modt if it were all planted. 

Yield rates 4.18 - 6 odt/ha/y 

Cost  Main cost issues relate to investment costs and returns.  There are key 
uncertainties, relating to long lead time and policy stability etc.  

Competing uses Assumptions on competing uses: assumed no competing uses 

Constraints: 

 

Low: 

- Public perception issues related to amenity value of land. 
- Not all suitable species covered by grant programme 
- Regulatory and political uncertainty 
- Level of complexity and long term nature of investment not recognised 

in market incentives. 
- Research programme into potential impacts incomplete. 

Medium: 
- Significant knowledge gaps which increase risk and uncertainty 
- Need for long term, stable market for fuel to underpin economics of 

production. 
- Insufficient returns 

High: 
- Insufficient returns 
- Inertia/disinterest 
- Long lead time 

Environmental constraints (e.g. water demand, invasiveness) 

Results Results indicate that no resource is available until 2030. 

Long term, stable policy and investment environment is important. 

Long term impact information is important. 
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Support for development of sustainable management is important. 

Constraint is that return is insufficient on price 
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Additional Details 

Short rotation forestry allows more intensive production of wood, with an estimated yield of up to 4.18 
odt/ha/y at present.  Typically fast growing species of trees would be grown on rotations of 8-20 years, 
depending on the species and the site.  The trees would be gown primarily for the production of 
biomass for energy (Harrison 2010).  Kilpatrick et al (2008) estimate that a future biomass resource of 
7.52 M odt/y might be possible using short rotation forestry and suggest that this resource would be 
distributed similarly to permanent grassland and rough grazing in the upland areas of Waste, north 
west Scotland and the upland areas of north, west and south west England.  They estimate that this 
would involve conversion of over 20% of rough grazing land and 10% of permanent pasture to wood 
land, and that this would have important implications that need careful consideration (both to livestock 
densities and on the amenity value of the land).  We have used the figure of 7.52M odt/y for our 
unconstrained potential in 2030. 

However, current trials are still underway and it is unlikely that any large scale planting will happen 
before 2018 at the earliest (Tubby 2010).  This means that very little of the resource would be realised 
within the timescale of this work.   

The potential for short rotation forestry will be clearer once the trials are complete, although more 
information is needed on growth and yields. A study on the potential for short rotation forestry (LTS 
2006) found (subject to a number of important caveats) no serious issues relating to biodiversity, soils, 
hydrology, pests, diseases or landscape that would rule out SRF as a potential land use.   This study 
found that the most critical issues related to the óeconomic benefits of the system for the producerô and 
that there remain questions about óyields, density and other characteristics of wood grown under SRF 
systems.ô 
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In this work we have assumed a yield of 6odt/ha/y.  We have assumed that 2000ha are planted by 
2015 and 1000 ha/y thereafter to 2030.  This results in 17,000ha with a yield of 6 odt in 2030, or a 
resource of 102,000 odt in 2030. 

Constraints 

There are a number of significant constraints related to the lead time to develop SRF in the UK.  In 
addition there are technical issues (such as water constraints or invasiveness) that will not be clear 
until the current trials are producing results.   Currently we have assumed that these technical issues 
constrain the resource by 100% until 2030, where the constraints begin to shift to infrastructure issues.  

The costs of establishment and the need for an adequate return will impact on the lead time for 
development.  The level of disinterest within the forestry or energy sector will have important impacts. 

Tubby (2010) also points out: 

 There are significant knowledge gaps, which increase risk and uncertainty 

 There is a need for a long-term sustainable market for the fuel to underpin the economics of 
production 

 There may be public perception issues, particularly relating to the amenity value of the land on 
which the SRF is grown.  Deforesting these areas would be difficult both legally and socially, 
therefore alternative forest management practices and 'new' species may be considered. 
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Results 
Feedstock name: Category:

Feedstock calorific value (GJ/Te): 19 Current use for energy (MTe): 0 MTe

Current use for energy (TJ): 0 TJ

Energy applications: Data source:  xxx

Scale:

2010 2015 2020 2025 2030

0.0 0.0 0.0 0.0 7.5

0 0 0 0 143

0.0 0.0 0.0 0.0 6.7

0% 0% 0% 0% 100%

0.0 0.0 0.0 0.0 0.8

0 0 0 0 15.11

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

100% 100% 100%

0% 0% 0%

0% 0% 0%

100% 100% 100%

100% 100% 95%

0% 0% 0%

0% 0% 5%

100% 100% 90%

100% 100% 90%

0% 0% 0%

0% 0% 10%

100% 100% 80%

2010 2015 2020 2025 2030

0 0 0 0 15

Constrained potential at £4/GJ: 0 0 0 0 0.00

0 0 0 0 0

0 0 0 0 0

0 0 0 0 15

Constrained potential at £6/GJ: 0 0 0 0 0.76

0 0 0 0 0

0 0 0 0 0.8

0 0 0 0 13.6

Constrained potential at £10/GJ: 0 0 0 0 1.51

0 0 0 0 0

0 0 0 0 1.5

0 0 0 0 12.1

Electricity, Heat, Advanced biofuels

Domestic, Commercial, Industrial

SRF UK tradeable

Unavailable due to planting rate constraints

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

Upper resource cost limit, if applicable: £18/GJ

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock that 

are independent of price.éof which % that are independent of price:

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: Forest Research

Physical constraints: Planting and growing rate

Main conversion technology: Combustion

Unconstrained feedstock potential (MTe):

Unconstrained feedstock potential (PJ):

Environmental constraints assumed: Public perception issues

Any assumptions re competing land use: Upland rough grassland made available by returning grazing to 1990s densities

Other: significant knowledge gaps.  Need for long term sustainable market.

2) Pulp mills

3) Fencing

Constraints that are easy to overcome

1) Panelboard manufacturing

List the top four constraints:

% reduction at base feedstock price (£4/GJ):

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £10/GJ feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Planting rate by 2015

2) Uptake

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £6/GJ feedstock price:

Constraints that are medium to overcome

% reduction of accessible potential

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome
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Constraints 

Ability to 

overcome
£4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ

Easy 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Medium 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Hard 0% 0% 0% 0% 0% 0% 100% 100% 100% 0% 0% 0% 100% 100% 100%

Sum 0% 0% 0% 0% 0% 0% 100% 100% 100% 0% 0% 0% 100% 100% 100%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price (£4/GJ)

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Medium 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.00% 0% 0% 0%

Hard 0% 0% 0% 0% 0% 0% 100% 100% 100% 0% 0% 0% 100% 100% 100%

Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

SRF

Totals

Market Policy/Regulatory
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Arboricultural residues 

Summary of assumptions 

Unconstrained 

Potential 

2.3M odt/y 
(44PJ/y) (2010), 
increasing to 
2.7M odt/y 
(50PJ/y) in 2030 

Assumptions 

 

Resource from transport corridors and urban green space.  Figures taken from 
NNFCC (Kilpatrick et al 2008).  The estimate for transport corridors increases to 

2030, resulting in the increased potential seen here. 

This is latest study of resource.  Earlier estimates provide a much lower resource 
(0.4-0.56Modt/y). 

Physical constraints:  
Dispersed nature of resource; for significant proportion of resource it is easier to 
leave on site rather than collect and process. 

Yield rates 3-5odt/ha assumed. 

Cost  Costs incurred in chipping, meeting fuel specification, transport, drying and 
storage. 

Competing uses Assumptions on competing uses: Residues from urban green spaces may be 
chipped for mulch. 
It is assumed that this resource would be available if price were sufficient. 

Constraints 

 

Low: 
- Lack of local demand 
- Cash flow 
- Immature supply chains 
- Meeting fuel specifications 
- Lack of fuel quality standards 
- Lack of fuel standards testing facilities 
- Lack of transport infrastructure 

Medium: 
- Insufficient returns 
- Requirement for substantial up-front investment. 
- Cost of certification for sustainability 
- Low bulk density (high transport/storage costs) 
- Timber drying and storage facilities. 

Results Slow release of accessible resource at low price (only 16% potentially available 
now and at £4/GJ).  Increases with time and cost to 60% accessible resource. 

Investment required in particular for collection, storage and drying faculties and for 
fuel preparation. 
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Detailed assumptions 

There has been no need to gather statistics on arboricultural arisings and so little data is available. 
The main estimates are: 

Table 2 Estimates of arboricultural arisings from the literature 

Report Estimate Year 

E4Tech (DECC) 0.4 M odt/y (7.8 PJ) 2020 

E4Tech (DECC) 0.4 M odt/y (7.8PJ) 2030 

ADAS (NNFCC) 2.3 M odt/y (44PJ) ς 2.7odt/y 

(50PJ) 

2008-2030 

Forestry Commission (2003) 0.56M odt/y* 2003 

AEA (NNFCC) 0.3 M odt/ 5.8PJ Current 

 

 

* The FC also gave an estimate of non-marketed arisings of 321,000t/y.  These estimates were based 
on a survey of practitioners, the results of which were averaged and then multiplied across the whole 
sector in the UK. 

According to ADAS (2008) there is 3.5 M ha land in the UK used for urban, recreational and transport 
purposes.  ADAS (2008) calculates their estimate from estimated yields now and improved yields in 
the future.   This provides an estimate of 1.75Mt/y from urban green space now plus 0.54M odt/y from 
the transport network.  Their figure for transport corridors increases to 0.9Modt/y for 2030. These are 
the figures that we have used for the unconstrained resource for arboricultural residues.  However, not 
all of it is available for biomass fuel; much of this resource is managed in situ and left on site or 
chipped for mulch.  Forest Research also estimates that around 0.5Mt in England currently goes to 
landfill.  All of this is price dependent. 
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This means that of an unconstrained potential of 2.3M odt/y (2010), 100% of it is considered 
accessible. However, the use of arboricultural residues as mulch and the cost of collection constrains 
the resource considerably. 

Constraints 

The major constraints in developing this feedstock are technical; they involve preparation of the 
feedstock as a fuel (achieving fuel specifications) and the lack of facilities for collection, transport, 
drying and testing of the feedstock.  These can be overcome with investment (i.e. at higher price), but 
substantial investment in infrastructure and facilities is required.  We estimate that the effect of these 
constraints is a decrease in the resource of 60% at low price, decreasing to 40% at £10/GJ.   

Other constraints have a less significant effect, but are still important: 

 Lack of local demand ï this is the type of demand that might stimulate local investment in 
feedstock supply 

 Cash flow issues 

 Immature supply chain (mainly related to the dispersed resource and the lack of infrastructure 
for bringing it together for processing) 

 Insufficient returns on the investment needed, related to substantial upfront investment.  Lack 
of grants for capital investment 

 Planning constraints (in particular related to the need to air dry the feedstock) 

 Cost of certification for sustainability 

The combined effect of these constraints is estimated to be 20% at £4/GJ, decreasing with time and 
price to 12%. 

This means that to obtain this resource there will need to be a major investment in collection, in 
facilities for storage and fuel preparation and in ensuring that it is properly separated to ensure 
contaminants are minimal and the quality of material is reliable. 

The immaturity of this option for arboricultural residues means that there are other associated 
constraints, such as planning issues for storage and processing facilities; the need for capital 
equipment for processing; the need for long-term stable policies to allow the supply change to grow; 
and the need to meet certification, sustainability and fuel specification. Although all small constraints 
they remain important in the short term.   
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Results 
Feedstock name: Category:

Feedstock calorific value (GJ/Te): 19 Current use for energy (MTe): 1 MTe

Current use for energy (TJ): 11 TJ

Energy applications: Data source:  Forestry Commission Woodfuel Statistics

Scale:

2010 2015 2020 2025 2030

2.3 2.3 2.4 2.5 2.7

44 44 46 48 50

0.0 0.0 0.0 0.0 0.0

100% 100% 100% 100% 100%
2.3 2.3 2.4 2.5 2.7

44 44 46 48 50

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

84% 74% 66%

46% 39% 32%

38% 35% 34%

0% 0% 0%
79% 68% 59%

45% 38% 30%

34% 30% 29%

0% 0% 0%
52% 45% 41%

33% 30% 28%

19% 15% 13%

0% 0% 0%

2010 2015 2020 2025 2030

44 44 46 48 50

Constrained potential at £4/GJ: 7 9 12 14 17

20 19 18 17 16

17 16 16 16 17

0 0 0 0 0

Constrained potential at £6/GJ: 9 12 15 17 21

20 18 17 16 15

15 14 14 14 15

0 0 0 0 0

Constrained potential at £10/GJ: 21 23 25 27 30

14 14 14 14 14

8 7 7 7 7

0 0 0 0 0

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Moisture content

2) Achieving suitable chip quality

3) Logistics

4) Yield achievable

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £6/GJ feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base feedstock price (£4/GJ):

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at £10/GJ feedstock price:

Constraints that are easy to overcome

1) Mulch

Environmental constraints assumed: none

Any assumptions re competing land use: Based on current transport corridors & urban green spaces land areas

Other: 

Competing uses for this feedstock:

Upper resource cost limit, if applicable: £18/GJ

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock that 

are independent of price.
éof which % that are independent of price:

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: Forestry Commission Statistics Unit, CARBINE, Woodfuel resource in Britain study, ADAS report for NNFCC

Physical constraints: Dispersed resource

Main conversion technology: Combustion

Unconstrained feedstock potential (MTe):

Unconstrained feedstock potential (PJ):

UK wastes and residues non-tradable

Competing feedstock uses at £4/GJ (MTe):

Annual resource potentials

Available for bioenergy use (MTe):

Electricity, Heat, Advanced biofuels

Domestic, Commercial, Industrial

Arboricultural arisings
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Constraints 

Ability to 

overcome
£4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ

Easy 4% 4% 4% 3% 3% 2% 35% 35% 25% 4% 3% 2% 46% 45% 33%

Medium 8% 5% 3% 1% 0% 0% 25% 25% 15% 4% 4% 1% 38% 34% 19%

Hard 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Sum 12% 9% 7% 4% 3% 2% 60% 60% 40% 8% 7% 3% 84% 79% 52%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price (£4/GJ)

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 4% 3% 1% 3% 2% 1% 35% 32% 29% 4% 2% 1% 46% 39% 32%

Medium 8% 7% 6% 1% 0% 0% 25% 25% 25% 4% 3% 3% 38% 35% 34%

Hard 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Policy/Regulatory Technical Infrastructure

Arboricultural arisings

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market

 

References for all wood biomass 

E4Tech (2009) Biomass supply curves for the UK  

Kilpatrick  et al (2008).  Addressing the land use issues for non-food crops, in response to increasing 

fuel and energy generation opportunities. NNFCC project 08-004 

Forestry Facts and Figures 2009 Forestry Commission Economics & Statistics Unit 
www.forestry.gov.uk/pdf/fcfs209.pdf/$file/fcfs209.pdf  

Forest Research Carbine model. 

Halsall L, Gilbert J & Matthews R(2005) UK forecast of softwood availability 
www.forestry.gov.uk/pdf/pf2005.pdf/$FILE/pf2005.pdf 

Harrison  A. Short rotation forestry.  Presented at the NNFCC event on the impacts of land use 
change: myth or reality January 2010. http://www.nnfcc.co.uk/NNFCC/ViewEvent.aspx?id=915  

HMRC UK TradeInfo www.uktradeinfo.com  

LTS (2006) A Review of the Potential Impacts of Short Rotation Forestry 
http://www.forestry.gov.uk/pdf/SRFFinalReport27Feb.pdf/$FILE/SRFFinalReport27Feb.pdf  

McKay H, Hudson JB, Hudson RJ (2003) Woodfuel resource in Britain; Final report by Forest 
Research 
www.biomassenergycentre.org.uk/pls/portal/url/ITEM/79AC345DE5D9CDCAE04014AC08045CE3  

Tubby, I (2010) Personal Communication. 

 

http://www.forestry.gov.uk/pdf/fcfs209.pdf/$file/fcfs209.pdf
http://www.forestry.gov.uk/pdf/pf2005.pdf/$FILE/pf2005.pdf
http://www.nnfcc.co.uk/NNFCC/ViewEvent.aspx?id=915
http://www.uktradeinfo.com/
http://www.forestry.gov.uk/pdf/SRFFinalReport27Feb.pdf/$FILE/SRFFinalReport27Feb.pdf
http://www.biomassenergycentre.org.uk/pls/portal/url/ITEM/79AC345DE5D9CDCAE04014AC08045CE3
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Chapter 2: Agricultural resources  

Agricultural resources ï Summary of assumptions and results 

Agricultural resources are those resources that would be produced by farmers on agricultural land.  
The first of these are residues that are already produced but would need to be harvested, collected 
and stored.  The other agricultural resources are energy crops, which can be grown on spare 
agricultural land. 

Figures 5 and 6 show the UK feedstock availability at £4/GJ and £10/GJ.  They show that energy 
crops could become an increasingly important agricultural resource in the UK, particularly if a high 
price for the feedstock is available and if constraints are met.  The reason for the lack of difference 
between energy crops (1) and (2) for £4/GJ is due to constraints on planting rate. 

Figure 5 Agricultural feedstocks in the UK available at £4/GJ, no constraints addressed for: (1) 
energy crops maximum scenario; (2) 1G biofuels maximum. 
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Figure 6 Agricultural feedstocks in the UK available at £10/GJ easy and medium constraints 

met for (1) energy crops maximum scenario; (2) 1G biofuels maximum. 
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Dry agricultural residues  

Summary of assumptions and results 

Unconstrained Potential 

 

 

Total resource: 

11.1Modt  
(211 PJ) 
 
Total avalable resource: 

6.0Modt (113PJ) 

 

Assumptions 

Total Resource: 

Dry agricultural residues that could be used for bioenergy and 
quantities produced are: 

 Straw:  11.9 ï 13.9 Mt  

 Seed husks and hulls 1.4Mt  

 Chicken litter 1.1 M odt 

The above estimates for straw include oil seed rape straw.  We 
have assumed that this straw would not be used because of its 
combustion characteristics.  Taking 2.5mt of OSR from the total 
straw figures and then averaging the result provides an estimate of 
10.4Mt.  Assuming that this is 15% moisture leaves an estimated 
resource of 8.8Modt for straw. 

Straw availability can vary as much as 30% with harvest.  

We have also assumed 15% moisture for seed husks and hulls, 
leaving a resource of 1.2Modt. 

Adding the dry agricultural resources together provides an 
unconstrained resource of 11.1Modt/y. 

Total resource assumed to remain constant over time. 

Competing uses Competing uses are: 

 Straw: animal bedding: 5.8Mt (4.9Modt/y) 

 Straw: use for animal feed: 2Mt (1.7M odt/y) 

 Seed hulls and husks: feed: all of the resource is used for 
feed 

 Chicken litter ï none.  

Assumed that of the competing uses for straw, 34% are price 
dependent, i.e. that portion could be made available for bioenergy 
at a price of £4/GJ or above 

Constraints: 

 

Easy to overcome  
Dispersed nature of resource compared to demand 

- Lack of long term stable policies to enable investment 
(perceived financial risks). 

- Regulatory and political uncertainty 
- Lack of grants for capital investment for supply (e.g. 

storage/processing facilities). 
- Lack of storage and processing facilities. 

Overall these constrain resource by 20% at price of £4/GJ in 2010; 
it is assumed that time and increased feedstock price would 
reduce these constraints 
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Hard to overcome 

- Competition for feedstock 
- Poor yields in some years (straw) 
- Concerns about impact of bioenergy on prices of other uses. 
- Dispersed nature of resource that is not currently being utilised 

(poultry litter). 

Overall these constrain resource by 34% at price of £4/GJ in 2010; 
constraints are reduced by price (to 16% at £10/GJ) but do not 
decline with time.  

Cost  Cost of harvesting, baling, storage and transport are major issues. 

ADAS estimated £35/t would bring half the straw resource to 

market ( £2.6/GJ) and that at £60/t ( £4.5/GJ) only 2% of farmers 
would not bale and remove straw. 

Results          
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Additional details 
The feedstocks detailed here are: 

 Dry agricultural residues such as straw and chicken litter 

 Energy crops, which can be grown on fallow or low grade agricultural land. 

Dry agricultural residues 

Resource assumptions 
The main dry agricultural residue available in the UK is straw.  However, there are also quantities of 
residue produced during the processing of grains and oils in the UK.  These include wheat milling 
residues, seed husks (such as pea and bean hulls and oat husks) and other materials and screenings 
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etc (including linseed chaff, lupin pods etc). In addition there is also a significant amount of chicken 
litter which can be used as an energy feedstock. 

Each of these feedstock is examined separately below and then the total available and the 
assumptions made in our analysis is summarised. 

Seed husks and hulls 

ADAS have examined the availability of seed husks and hulls for work being undertaken for NNFCC 
(ADAS 2010, which draws on sources such as Nabim, Defra and feed statistics).  This analysis 
estimates the total annual volume of see husks/bran and milling co-products to be 1.4Mt.  In addition 
there are some 4000t of bean hulls. 

Currently the majority of this resource has a market as animal feed, valued at around £70-90/t.  
However, it is ADASô view that competition from the fuel market would simply result in high feed 
prices, particularly where the feed is a valuable source of protein (such as wheat milling co-products).  
Thus there is no practical resource available in the current market. 

In our analysis in we have assumed a CV of 18 GJ/t, and a moisture content of 15%, taking this 
assumption from data on straw.  

Straw 

There have been a number of studies on the availability of straw for bioenergy, starting in 1995 with 
work by Northern Straw and most recently work by ADAS (2008).  The issue with straw is that the 
yield varies according to harvest conditions and, as wheat yields have been improved, the yield of 
straw has not necessarily improved in line with grain yields (because the improvements have resulted 
in higher grain, but shorter straw). Thus there is a potential variation year on year of up to 30% in the 
availability in straw. 

ADAS (2008) indicate that the average harvestable yield of straw in the UK over the past five years is 
8.4Mt/y for wheat, 3.2Mt/y for barley and 2.3Mt OSR (total: 13.9Mt/y).   Around 5.8Mt/y is used for 
livestock feed and bedding.  The remainder is mostly incorporated into the soil and represents a 
resource of 8.1 M odt/y (ADAS 2008).  We have assumed that straw has a CV of 18GJ/t and is 
available at 15% moisture (although Northern Straw (1995) state it varies between 15 and 25% 
moisture).   

ADAS also point out that there are important issues with the logistics of collection and labour 
requirements and that poor weather affects use and can influence the amount available significantly.  
In addition the value of straw as a source of fertiliser is important and represents cost savings to the 
farmer.  ADAS estimate that an average price of £35/t would bring approximately half the straw 
(~4Mt/y) to market.  Even at £60/t there would be some growers (2% of growers would not bale and 
remove straw because of the beneficial effect its incorporation has on soil quality). 

Although there are significant quantities of oil seed rape (OSR) straw produced, it is a difficult straw to 
harvest and most of it is incorporated into the soil.  Data on its combustion characteristics also mean 
that it is not a good fuel for combustion, so we have excluded OSR straw from our analysis.  However, 
ADAS do point out that it could be a useful residue (ultimately) for second generation biofuels 
production. 

Major competition may come from fertiliser value in straw, as the cost of artificial fertiliser is increasing.  
This means when the value of straw is low on the open market it may not be worth harvesting it.  
ADAS analysis of the effect of fertiliser value on wheat straw availability is shown in Figure 7 (barley 
and OSR straw is worth more). As they point out, if artificial fertiliser prices increase this supply curve 
may change. 
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Figure 7 Example wheat straw price supply curve (ADAS 2008). 

 

In addition ADAS note an interesting statistic from 2008.  In this year set aside was set to 0% and the 
amount of straw increased by 1.19Mt.   They estimate that if the same area were to be brought back 
into simple wheat/OSR rotation assuming straw yields of 4 and 4.2 t/ha this could result in an 
additional future resource of 1.21 m odt/y (592000t wheat straw and 621,000t OSR straw). 

In another recent analysis CSL (2008) provide an estimate for straw production in the UK of around 
11.9 Mt/y, of which 54% is wheat straw; 21% is oil seed rape straw; 20% is barley straw; and 4% 
come from oats.  Their estimates are similar to ADAS, but they estimate lower livestock use at around 
3.7Mt (presumably this is because ADAS include the whole bedding and feed market). Taking out the 
livestock use, this leaves an availability of around 5.7 Mt/y.  CSL also estimate that mushroom 
growers use a further 40,000t/y. They conclude that óeven if a significant proportion of the available 
barley straw went into animal diets itôs likely that around 2-3Mt of straw are surplus to current animal 
and biomass energy demands and is available for further bioenergy use.ô  

These figures can be compared to those from (Stott, 2003), which found that between 7 and 11.6 Mt 
of straw are produced in the UK, depending on estimated yield per ha (estimated yields ranged from 
3.4 to 5.8/ha).  Taking account of straw baled for sale and ploughed in this study estimated that 30% 
of straw is potentially available for energy use, some 2.1 to 3.5Mt/y.  These figures are in line with 
those estimated above.  Further information from Northern Straw (1995) indicated that in that year 
12.5Mt straw was produced and competing uses (bedding, feed etc) were 8.56 Mt.   This leaves a 
resource of around 3.9Mt/y for potential energy use. 

To obtain an estimate of straw availability we have assumed: 

 The resource of OSR straw (equivalent to around 2.5Mt/y) is not available for energy 

 We have taken 2.5Mt/y of OSR straw from the above estimates and the averaged the amount 

of straw produced to obtain an unconstrained resource estimate of 10.4Mt.  Assuming that this 

is 15% moisture, this provides an unconstrained resource of 8.8M odt/y. 

Competing uses are: 

 Animal bedding, assumed to use around 5.8Mt/y (4.9M odt/y) 

 Feed: assumed to be 2Mt/y (1.7M odt/y) 

Of these competing uses we have assumed that 34% are price dependent (i.e. would become 
available if the price were right). 

Chicken litter 

The other dry agricultural residue that is used for energy in the UK is chicken litter.  Estimates of the 
amount of chicken litter vary: the Biomass Energy Centre (BEC, 2010) provides a figure of around 
3.5Mt of poultry droppings produced in the UK each year, although this probably includes wet 
manures that are more suited to anaerobic digestion.  The Biomass Strategy provides an estimate of 
1.1Mdry t/y for poultry litter (at 60% dry matter) and this is similar to earlier estimates that indicated 
that there are some 1.4Mt (Dagnall, 1993) of chicken litter that can be considered for energy use in the 
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UK.  For this report we have used the Biomass Task Force figures, which equate to 15,385 TJ.   Table 
3 shows that a significant proportion of the resource is already used (0.76Mt). 

The combustion technology for the use of chicken litter must take the characteristics of the chicken 
litter into account (issues include the high ash content, relatively high moisture content and low CV as 
delivered), but this technology is well proven and has been demonstrated in the UK.  In our analysis 
we have assumed the CV for chicken litter on dry weight basis is 19GJ/odt (Net CV (as received) 13.5 
GJ/t) (DTI 1999).  

The material is less dense than straw and in the region of three times as many vehicle movements are 
required.  In addition, because of the odour issues, the current plant operators have specially 
designed vehicles to prevent odour issues in transport.  Thus the price of feedstock is highly 
dependent on transport costs; material is typically gathered from within 40km and an indicative price 
for poultry litter is £10/odt. 

Poultry litter comes under the Waste Incineration Directive for the purposes of combustion.  This also 
adds to the capital cost of plant development, but for the current plants has enabled the operators to 
co-combust the chicken litter with other similar wastes that also come under WID, so income can be 
gained from the gate fee.  

There are large differences in poultry numbers across the country (see Figure 8).  However, this does 
not differentiate between layers and broilers and it is not possible to understand the density of chicken 
litter from this map.   

 The current chicken litter plants are situated in the areas where the poultry population is highest, and 
these plants have contracts with the major producers.  According to Defra and UK Agriculture figures 
the population of poultry in the UK has not changed significantly over the past 10 years. Consequently 
we have assumed that poultry litter will not increase over the 2010-2030 period.      

Figure 8 Density map of poultry keeping premises (Defra 2009) 
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Current use of dry agricultural residues for energy 

Table 3 Use of dry agricultural residues in the UK 

Plant Capacity 
(MWe) 

Tonnage/y (Chicken litter unless 
otherwise stated) 

Eye 12.7 140,000 

Thetford 38.5 420,000 

Glanford 13.5 89,000 Meat and bone meal (MBM) 

Westfield 9.8 110,000 

Ely 38 200,000 Straw 

Total resource demand 760,000t chicken litter, 200,000t straw and 89,000t 
MBM 

 

Constraints for dry agricultural residues  
There are a number of constraints on the availability of dry agricultural residues, some of which have 
been hinted at above.  For example, the resource tends to be highly dispersed and there are 
competing uses.  Transport constraints are particularly important for chicken litter.  These constraints 
may be affected by the price that is paid for the feedstock. 

In addition there are issues with public perception of the combustion plants, which means that it may 
not always be possible to site a plant in the most convenient location for the resource (or even to get 
planning permission at all) (Howes et al, 2001).  These factors add to the perception of risks by 
farmers/suppliers and financiers. In this case it is important to have a clear and stable policy 
environment to encourage bioenergy in order to provide stability and decrease the perceptions of risk. 

We have divided these risks into those that are relatively easy to address and those that are more 
intransigent and may have long term impact on supply: 

Constraints that are easy to overcome  

 Dispersed nature of resource compared to demand 

 Lack of long term stable policies to enable investment (perceived financial risks). 

 Regulatory and political uncertainty 

 Lack of grants for capital investment for supply (e.g. storage/processing facilities). 

 Lack of storage and processing facilities. 
Overall these constrain resource by 20% at price of £4/GJ in 2010; it is assumed that time and 
increased feedstock price would reduce these constraints 

Constraints that are hard to overcome 

 Competition for feedstock ï there are good traditional markets for some of these agricultural 
residue feedstocks, some of which are integrated into agriculture and represent a significant 
constraint on availability. 

 The poor yields of straw in some years, which affects all uses and results in rapid price 
increases. 

 Concerns about impact of bioenergy on prices of other uses i.e. the impact of bioenergy 
demand on straw prices, which may result in significant lobbying. 

 Dispersed nature of resource that is not currently being utilised (this is particularly important 

for poultry litter). 
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Overall these constrain resource by 34% at price of £4/GJ in 2010; constraints are reduced by price 
(to 16% at £10/GJ) but do not decline with time. 

Results 
Feedstock name: Category:

Feedstock calorific value (GJ/Te): 19 Current use for energy (MTe): 0.9Mt

Current use for energy (TJ): 17,100 TJ

Energy applications: Data source:  EPRL

Scale:

2010 2015 2020 2025 2030

11.1 11.1 11.1 11.1 11.1

211 211 211 211 211

7.8 7.8 7.8 7.8 7.8

66% 66% 66% 66% 66%

6.0 6.0 6.0 6.0 6.0

113 113 113 113 113

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

54% 37% 32%

20% 5% 0%

0%

34% 32% 32%

47% 27% 27%

20% 0% 0%

0%

27% 27% 27%

26% 16% 16%

10% 0% 0%

0% 0% 0%

16% 16% 16%

2010 2015 2020 2025 2030

113 113 113 113 113

Constrained potential at £4/GJ: 52 62 71 74 77

23 14 6 3 0

0 0 0 0 0

38 37 36 36 36

Constrained potential at £6/GJ: 60 71 83 83 83

23 11 0 0 0

0 0 0 0 0

31 31 31 31 31

Constrained potential at £10/GJ: 84 89 95 95 95

11 6 0 0 0

0 0 0 0 0

18 18 18 18 18

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Competition for feedstock from other uses limits availability to energy. Particularly as the competition is either not price constrained or is 

2) Lack of stable renewable energy policy - nobody will invest in straw energy without a stable policy regime.

3) Concerns about logistics of collection and storage

4) Concerns about transport of straw, ralated to restrictions on how far it can be transported.

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £6/GJ feedstock price:

Constraints that are hard to overcome

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at £10/GJ feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

2) Soil incorporation

3) Mushroom growers

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base feedstock price (£4/GJ):

1) Livestock feed and bedding.

Environmental constraints assumed: Incorporation of approximately 30% of straw for fertiliser value and to aid soil structure

Any assumptions re competing land use: None as straw is residue from arable crops.

Unconstrained feedstock potential (PJ):

Competing feedstock uses at £4/GJ (MTe):

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

Electricity, Heat, 

Domestic, Commercial, Industrial

Other: 

Upper resource cost limit, if applicable: £45/t (£2.5/GJ) - when straw reaches this price and above there is likely to be a shortage of 

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock that 

are independent of price.

éof which % that are independent of price:

Straw and dry agricultural residues UK wastes and residues non-tradable

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: ADAS 2008, UKERC 2010, Defra 2007

Physical constraints:  logistics of collection, labour requirements, poor weather; transport for chicken litter.

Main conversion technology: Combustion

Unconstrained feedstock potential (MTe):
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Constraints 

Ability to 

overcome
£4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ

Easy 10% 10% 5% 5% 5% 3% 5% 5% 3% 20% 20% 10%

Medium 0% 0% 0%

Hard 25% 20% 10% 5% 5% 5% 4% 2% 1% 34% 27% 16%

Sum 35% 30% 15% 10% 10% 8% 0% 0% 0% 9% 7% 4% 54% 47% 26%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price (£4/GJ)

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 10% 0% 5% 5% 0% 5% 20% 5% 0%

Medium 0% 0% 0% 0% 0% 0% 0%

Hard 25% 25% 25% 5% 5% 5% 0% 4% 2% 2% 34% 32% 32%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

Straw and dry agricultural residues

 

References for dry agricultural residues 

ADAS (2008) Addressing the land use issues for non-food crops, in response to increasing fuel and 
energy generation opportunities.  NNFCC08 - 004 

CSL (2008) National and regional supply/demand balance for agricultural straw in Great Britain.  
Report for NNFCC 

Defra (2007) UK Biomass strategy 

Defra (2009) Density of Poultry and Poultry Premises Registered on the GB Poultry Register 
http://www.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/poultry/documents/poultry-
registered090616.pdf   

Dagnall S (1992) Poultry litter as a fuel. Presented at a WPSA UK Branch Symposium held in London 
on 9 April 1992. World's Poultry Science Journal (1993), 49:175-177 

DTI (1999) Energy from biomass: Summaries of biomass projects. Volume 5: Straw, poultry litter and 
energy crops as energy sources. ETSU BM/04/00056/REP/3  

P S  Howes et al.(2001) Comparison of public acceptability of energy from waste and energy from 
biomass in 5 EU states. Available from AEA Technology (P S Howes) or Environment Agency R&D 
Technical Report P1-404 

Stott (2003) Straw availability in the UK 

 

 

 

 

 

 

 

 

http://www.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/poultry/documents/poultry-registered090616.pdf
http://www.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/poultry/documents/poultry-registered090616.pdf
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Energy Crops 

Summary of assumptions and results 

Unconstrained 
Potential 

 

 

Total resource: 

4 to 15 M odt  

(76 to 282 PJ) in 
2030 depending 
on land 
availability 
scenario 

 

Assumptions 

Land availability  

Land availability for the period up to 2020 is based on an estimates of land not 
required for food or feed from Kilpatrick (2008) and for 2030, an estimate of ex-
arable i.e. land and which becomes available as yields increase and less land is 
required to meet food and feed demands.  No planting of energy crops on 
pasture land is considered.   

Two scenarios for future use of  this óspareô land are considered: 

 Scenario 1: production of arable crops for biofuels (wheat and OSR) are 
maximised and energy crops are only grown on land that is unsuitable for 
energy crops (derived from Kilpatrick, 2008) 

 Scenario 2: all spare land is used for energy crops 

Area available for planting (ó000 ha) 2020 2030 

Scenario 1  
(max biofuels) 

Land for energy crops 296 kha 296 kha 

Land for biofuels 359 kha 644 kha 

Scenario 2 
(max energy crops) 

Land for energy crops 655 kha 1,100 kha 

Land for biofuels 0 kha 0 kha 

Yields: 

50% of land is assumed to be planted with SRC and 50% with miscanthus.  
Yields assumed are shown below  

Yield (odt/ha) 2010 2020 2030 

SRC 9 11 12 

Miscanthus 10 13 15 

 

This gives a total potential resource, if all land identified above could be utilised, 
of: 

Resource potential 2010 2015 2020 2025 2030 

Scenario 1 Modt: 0.1 3.2 3.6 3.8 4.0 

PJ 2 60 67 72 76 

Scenario 2 Modt: 0.1 7.0 7.9 11.2 14.9 

PJ 2 134 149 213 282 
 

Competing uses No competing uses assumed for feedstock, although this could potentially 
change if the biomaterials market developed in the future.  

As land availability estimates are based on óset-asideô or land which is not 
required to meet food and feed requirements, there is no completion with food 
and feed.  Competing use of the land for biofuels feedstocks production has been 
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considered through the use of two scenarios.  

Constraints: 

 

Constrained 
resource at 
£4/GJ: 

24 to 90 PJ 
(depending on 
land availability 
scenario) 

 

Rises to:  

76 to 231 PJ 
at £10/GJ  

 

The main constraint, particularly in Scenario 2 where land availability is high, is 
the maximum rate at which energy crops could be planted.  Based on availability 
of equipment and planting material in the UK, it is estimated that 4,000 ha/year 
could currently be planted.   It is considered that the maximum rate at which this 
part of the industry could expand, would result in this annual planting area 
increasing by 20% each year.  This would allow planting of the areas shown 
below 

 

 2015 2020 2025 2030 

Cumulative area planted  ó000 ha 42 131 352 902 

Exceeding these planting rates is considered to be difficult and planting rate 
constraints are considered to be independent of the delivered cost of the 
biomass. This constraint is therefore included in the modelling as a reduction to 
the unconstrained feedstock potential. Once the planting rate constraint is 
included, the available bioenergy potential is obtained. 

The available bio-energy potentials calculated are shown in the following table: 

Available potential 2010 2015 2020 2025 2030 

Scenario 1 Modt: 0.1 0.5 1.6 3.8 4.0 

PJ 2 9 29 72 76 

Scenario 2 Modt: 0.1 0.4 1.6 4.5 12.2 

PJ 2 8 30 85 231 

 

Available bio-energy potentials once planting rates are taken into account 

In Scenario 1, the planting rate is a significant constraint up to 2020, but not after 
this.  In Scenario 2, where more land is available for energy crops, planting rates 
significantly constrain the resource up to 2025, and even in 2030, only allow 
planting of 80% of the potential land available.  

There are few constraints for energy crops that fall into the easy/ medium to 
overcome category. The main other constraints are the attitude of farmers to 
energy crops due to the long term nature of the crops and their past poor 
experiences with energy crops, and the uncertainty in the market associated with 
changes to policy and unknown way in which sustainability requirements will 
develop. These constraints are thought to be hard to overcome, but can be 
influenced by the price paid for the biomass. In general terms, £4/GJ is 
considered to be insufficient to encourage energy crop production even with 
otherwise supportive policies and market. At £6/GJ farmers would consider the 
crops if the policy and market was otherwise advantageous. However, uptake is 
likely to be quite slow, as farmer wait to see how the crop performs and market 
develops. At £10/GJ farmers are likely to think the crop may be worth the risk. At 
310/GJ production in both scenarios will therefore be constrained only by planting 
rate. 

Cost  At present this resource is typically available (when supplied in bulk) at about 
£6/GJ.  As discussed above, £6/GJ is considered to be marginal for the farmer to 
consider it profitable, and production will only occur where this is low risk. To 
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obtain substantial increases in capacity in the short term, higher prices are 
therefore required for energy crops in the UK. 

Results 

Graphs showing results for £4, £6 and £10/GJ for energy crops, scenario 1 

 

 

Graphs of results for £4, £6 and £10/GJ for 

Energy crops, scenario 2 
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Additional details 

Energy crops 

Resource estimates 
Energy crops have been considered as a feedstock for bioenergy in the UK since the early 1990s. 
Energy crops in the UK fall into 2 categories: 

 Perennial woody/ grassy crops grown on short rotations (1-3 years) 

 Single stem trees grown on short rotation, Short Rotation Forestry. (10-20 years) 

Perennial woody/ grassy crops are not currently widely grown in the UK, despite a number of 
initiatives from the Government to promote production. This suggests there are a number of 
constraints to energy crop production, and these are discussed in the constraints section below. 

SRF is at an early stage of development in the UK. Trials are in progress, and current advice is that 
SRF could be grown on rough pasture or existing forestry land. It will therefore not compete for land 
with perennial woody/ grassy crops which could be grown on arable land or temporary pasture, and 
can be considered an additional resource in the UK. This resource is assessed elsewhere (in the 
wood fuel section). 

In addition there are annual food, feed or fodder crops that can be grown for energy purposes if the 
price is right.  These have been considered for their potential use for biofuels elsewhere in this report 
(in the biofuels section). 

Perennial energy crops under consideration in the UK 

AEA has recently reviewed the perennial energy crops suitable for production in the UK (AEA 2010). 
This confirmed that SRC willow, SRC poplar and miscanthus, the best developed energy crops to 
date, are still the most suitable for energy crop production in the UK. These are the crops that will be 
considered in this section. In addition, it was noted that the energy grasses switchgrass and reed 
canary grass also had potential.  

Switchgrass and RCG have similar agronomic requirements to SRC and miscanthus. If energy crops 
were grown on all suitable and available land were, switchgrass and RCG would not increase the total 
potential area of energy crops grown, although their inclusion would lead to greater crop diversity. 
Currently yield of switchgrass is similar to that of miscanthus, and RCG shows lower yields, so total 
biomass production would not increase by switching from SRC/ miscanthus to these crops.  

The energy crop potential assessed using SRC/ miscanthus would therefore not change significantly if 
switchgrass/ RCG were included in the energy crop mix. 

Important parameters determining energy crop potential in the UK 

The technical potential for energy crops in the UK is determined by 
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 Amount of suitable land available for energy crop production 

 The yield/ ha achievable for the energy crop at a specific location and time. 

Amount of suitable land available 

The energy crops SRC, miscanthus, switchgrass and reed canary grass can all be grown on arable 
land or temporary pasture land in the UK, which gives a theoretical upper limit on the area of energy 
crops in the UK.  

A number of recent studies have estimated the amount of suitable land that would actually be 
available in the UK for energy crops. These estimates include varying levels of environmental 
constraints, and various assumptions about alternative land uses. A summary is given in the table 
below. 

Table 4 Summary of available land for energy crops 

Study Available land in 
England and Wales, 
million ha 

Major assumptions 

Bond, 2009. RELU  0.5-1 Available  land is in ALC categories 3 and 
4, with added constraint of  no pasture 
land included. No timeframe given. 

ADAS 2008. Bioenergy 
mapping review for EA 

0.4 10% of agricultural land available for 
energy crops 

Aylott 2008. Yield and 
supply of SRC 

1.3 10% arable land+ 20% improved 
grassland+ 100% abandoned grassland. 
No timeframe given. 

Kilpatrick 2008. Land use of 
non- food crops 

0.7 5% arable land+ land in bare fallow+ 
excess temporary grassland. 

Also estimates 1.8 million ha of permanent 
grassland/ rough grazing would be 
available for SRF. 

E4Tech, 2008. Biomass 
supply curves in the UK. 
(data from EU Refuel 
project) 

1.1 from excess arable 
land 

1.2 from excess 
pasture 

These are estimates for 2030. 

 

Although the assumptions made very from case to case, the estimates are generally made up by 

 assuming that arable land/ temporary pasture is suitable for energy crops 

 estimating excess arable land and allocating this to energy crops (this tends to be in ALC 3 
and 4) 

 Adding environmental constraints- the most important of which is whether grassland can be 
converted to energy crops. 

If grassland is excluded, as seems likely post RED implementation, then a range of 0.4-1.3 M ha is 
available. For the E4Tech (2008) work this corresponds to scenarios central RES and High 
sustainability, which give a more realistic potential for energy crops for 2030. 

Timescales are not given, but we have interpreted these as estimates for up to 2030. 

Yields 
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Current estimates of yields of energy crops in the UK are based on data from a limited number of field 
trials and empirical modelling. Empirical modelling of yields includes the effects of soil type and 
climate. Current ranges for yield are large, as shown below. 

Table 5 Summary of yields for energy crops  

Study Energy crop Yield range, odt/ha/y Comments 

ADAS 2008. 
Bioenergy mapping 
review for EA 

Miscanthus 6.9-24.1 ADAS model 

FR, 2009 SRC 8-10  

Aylott 2008. Yield and 
supply of SRC 

SRC 4.9-10.7 
9 average for willow 
6.3 average for poplar 

Measured yields less than 50% 
of potential yield. 

Richter, 2008.  Miscanthus 5-18 
9.6 national average 

Empirical model based on UK 
field data. Yield v sensitive to 
water availability. 

NIX 2009 Miscanthus 12-15 
Average 13 

Yield for mature crop 

 SRC 7-9 

Average 8.3 

Yield for mature crop 

 

Current average yield is estimated to be 10odt/ha/y for miscanthus and 9 odt/ha/y for SRC willow. It 
should be noted that achieving or exceeding these yields depends on 

 Good establishment, especially weed control and ground preparation. 

 Suitable land and climate for crop, especially water availability. 

 The energy crops are relatively unimproved and current and modelled yields of SRC are less than 
50% of potential yield (Aylott, 2008). There is therefore potential for steep increases in yields of energy 
crops on a time frame up to 2050. This would depend on continued investment in breeding 
programmes and field trials. Table 4 shows the yield increases used in this work. 

Table 6 Yield increases assumed in this analysis 

Yield (odt/ha) 2010 2020 2030 

SRC 9 11 12 

Miscanthus 10 13 15 

 

Estimates of potential 

Current levels of Energy crop production in the UK are very low. Latest estimates are 6,000ha 
miscanthus (NIX, 2010), and 3,000ha SRC (FR, 2009). At current yields this gives 60,000odt/y 
miscanthus and 27,000 odt/y SRC, or less than 0.1 million odt/y energy crops in total. 

The following assumptions are made to calculate resource in 2020 and 2030 

 50% of the available and suitable land is used for SRC and 50% for energy grasses 

 the current average yield for miscanthus is 10 odt/ha/y and for willow is 9 odt/ha/y 

 0.7 million ha of land is available in 2020, rising to 1.1million ha in 2030 
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 SRC yield rises to 11odt/ha/y by 2020 and 12 odt/ha/y by 2030 

 Miscanthus yield rises to 13odt/ha/y by 2020 and 15odt/ha/y by 2030 

Table 7 Estimates of energy crop potential in 2020 and 2030. 

Energy crop 2020 potential, million odt 2030 potential, million odt 

Miscanthus 4.6 8.3 

SRC willow 3.8 6.6 

Total 8.4 14.9 

 

The potential land available for energy crops is also limited by competition for some of the land 
identified as suitable for energy crops with the potential for growing biofuels crops on this land.  We 
have taken this into account by examining two scenarios in this work: 

 Scenario 1 maximizes the potential to grow first generation biofuels crops. In this scenario the 
land allocated to SRC and miscanthus is land not suitable for the other crops: the remaining 
available land is used for OSR and wheat production. For 2030, the total potential for OSR, 
sugar beet and wheat in scenario 1 is the current production for bio-energy plus the additional 
production for the extra land available (as indicated above). 

 Scenario 2 maximizes the potential to grow lignocellulose energy crops.  For this scenario, all 
suitable land is used for energy crops; no additional land is used for wheat, sugar beet or 
OSR, and the energy potential is based on current production for biofuels and the current 
wheat surplus. 

The total areas assumed for energy crops and biofuels crops are shown in Table 8. 

Table 8 land availability for energy crops or biofuels in the scenarios examined in this work 

Area available for planting (ó000 ha) 2020 2030 

Scenario 1  
(max biofuels) 

Land for energy crops 296 kha 296 kha 

Land for biofuels 359 kha 644 kha 

Scenario 2 
(max energy crops) 

Land for energy crops 655 kha 1,100 kha 

Land for biofuels 0 kha 0 kha 

 

In reality these scenarios provide for two extreme positions and the reality will lie between the two. 

Table 9 shows the results for the unconstrained resource potential based on the assumptions outlined 
above. 

Table 9 Unconstrained resource potential  

Resource potential 2010 2015 2020 2025 2030 

Scenario 1 Modt: 0.1 3.2 3.6 3.8 4.0 
PJ 2 60 67 72 76 

Scenario 2 Modt: 0.1 7.0 7.9 11.2 14.9 

PJ 2 134 149 213 282 
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Constraints for energy crops 

We have identified a number of constraints on energy crops.  Most important of these are the 
availability of land (and the type of land) and the attitude of farmers to planting the crops.  A further 
important constraint is the rate at which land could be planted with energy crops.  These and other 
constraints are listed below. 

 Amount of arable land available. The above estimates start from the assumption that energy 
crops can be grown on arable land and that up to 10% of arable land would be available for 
energy crops. This is based on assumptions on land required in the future for food/ fodder 
production which normally include assumptions about increased yields of food crops. It also 
assumes that land not required for food crops is available for perennial energy crops. This is 
debatable since wheat / OSR/ sugar beet for energy and other non-food crops for non- energy 
purposes will be competing for the same land resource. 

 Use of grassland for energy crops. Current interpretation of RED is that grassland cannot be 
used for energy crop production. Work in the UK for RELU/ TSEC also states that conversion 
of grassland to energy crops is counterproductive from a GHG emissions savings perspective. 
I have therefore assumed that no grassland will be used for energy crops. However, if 
agreement can be reached on the use of temporary or improved grassland for energy crops, 
then the land potentially available is much larger, as shown by the E4 Tech analysis. 
However, this analysis assumes that excess grassland becomes available due to 
intensification of livestock production. 

 Farmer resistance. The Government has been supporting development of energy crops for 15 
years in the UK, and to date less than 10,000ha has been planted. There are a number of 
reasons for this, including wariness of the energy market, poor cash flow and returns on crops, 
SRC being a very different crop for farmers and bad past experience with crop establishment 
and yields. However, without farmer acceptance the potential will not be achieved on the 
timescales required.  This constraint is thought to be hard to overcome, but can be influenced 
by the price paid for the biomass.  In general terms, £4/GJ is considered to be insufficient to 
encourage energy crop production even with otherwise supportive policies and market. At 
£6/GJ farmers would consider the crops if the policy and market was otherwise advantageous. 
However, uptake is likely to be quite slow, as farmers wait to see how the crop performs and 
market develops. At £10/GJ farmers are likely to think the crop may be worth the risk. At 
£10/GJ production in both scenarios will therefore be constrained only by planting rate. 

 Technical ability to plant energy crops at rates required. To achieve 0.7 million ha by 2020, 
100,000ha/y of energy crops must be planted. To put this in perspective, oilseed rape planting 
in the UK was 613,000ha in 2007, so by 2017 energy crops would be as prevalent as OSR in 
the landscape. Specialist equipment is required for both miscanthus and SRC planting, and for 
SRC harvesting. Although this is now commercially available, production of such equipment 
would need to increase dramatically to enable each group of farmers to have access to the 
required machinery.  We have assumed a planting potential of 4000ha/y, which is based on 
the current availability of equipment and planting material in the UK. It is considered that the 
maximum rate at which this part of the industry could expand, would result in this annual 
planting area increasing by 20% each year.  This would allow planting of the areas shown in 
Table 8.  Exceeding these planting rates is considered to be difficult and planting rate 
constraints are considered to be independent of the delivered cost of the biomass. This 
constraint is therefore included in the modelling as a reduction to the unconstrained feedstock 
potential. Once the planting rate constraint is included, the available bioenergy potential is 
obtained. 

 On the positive side, energy crops grown in the UK are likely to meet all the environmental 
and sustainability requirements of RED, and farmers are well used to dealing with agro-
environmental schemes. 
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Table 10 Planting rates for energy crops assumed in this analysis 

 2015 2020 2025 2030 

Cumulative area planted  ó000 ha 42 131 352 902 

 

No competing uses were assumed for energy crop feedstock, but this could change if a market for 
biomaterials develops in the future. As the land availability is based on ex set aside or land not 
required for food and feed requirements, there is no competition for food and feed.  Competition of the 
land for first generation biofuels feedstocks is considered using the scenario analysis described 
above.  

The available bioenergy potentials calculated in the analysis are provided in Table 11. In Scenario 1, 
the planting rate is a significant constraint up to 2020, but not after this.  In Scenario 2, where more 
land is available for energy crops, planting rates significantly constrain the resource up to 2025, and 
even in 2030, only allow planting of 80% of the potential land available.  

Table 11 Available potential from energy crops in the UK 

Available potential 2010 2015 2020 2025 2030 

Scenario 1 Modt: 0.1 0.5 1.6 3.8 4.0 
PJ 2 9 29 72 76 

Scenario 2 Modt: 0.1 0.4 1.6 4.5 12.2 

PJ 2 8 30 85 231 

Summary 

 There is good potential for perennial energy crops in the UK, and up to 8.4M odt/y energy 
crops could be produced in the UK by 2020. 

 There are a number of constraints to energy crop development, including technical constraints 
and competition for land use. These can be addressed by policy initiatives, but the constraints 
make it unlikely that the potential can be achieved from the current base by 2020. 

 To date farmers have not embraced the opportunity to grow energy crops. The reasons for 
this are well known, but the potential will not be achieved until farmers concerns and issues 
are addressed. 
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Results ï Scenario 1 

Feedstock name: Category:

Feedstock calorific value (GJ/Te): 19 Current use for energy (MTe): 0 MTe

Current use for energy (TJ): 0 TJ

Energy applications: Data source:  xxx

Scale:

2010 2015 2020 2025 2030

2.80 3.18 3.55 3.77 4.00

53.20 60.46 67.49 71.71 75.92

2.70 2.74 1.99 0.00 0.00

1.00 1.00 1.00 1.00 1.00

0.10 0.44 1.56 3.77 4.00

1.90 8.38 29.64 71.71 75.92

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

100% 54% 60% 66% 15%

0% 2% 5% 0% 0%

0% 2% 5% 0% 2%

100% 50% 50% 66% 13%

0% 52% 42% 41% 0%

0% 1% 1% 1% 0%

0% 1% 1% 1% 0%

0% 50% 40% 40% 0%

0% 40% 30% 0% 0%

0% 0% 0% 0% 0%

0% 0% 0% 0% 0%

0% 40% 30% 0% 0%

2010 2015 2020 2025 2030

2 8 30 72 76

Constrained potential at £4/GJ: 0 4 12 24 65

0 0 1 0 0

0 0 1 0 2

2 4 15 47 10

Constrained potential at £6/GJ: 2 4 17 42 76

0 0 0 0 0

0 0 0 0 0

0 4 12 29 0

Constrained potential at £10/GJ: 2 5 21 72 76

0 0 0 0 0

0 0 0 0 0

0 3 9 0 0

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Planting rates (material and equipment availability)

2) Farmer attitudes

3) Competition for land use.

4) Sustainability

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at £6/GJ feedstock price:

Constraints that are hard to overcome

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at £10/GJ feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base feedstock price (£4/GJ):

1) Biomaterials

Environmental constraints assumed: Water availability

Any assumptions re competing land use: Food and feed crops will be produced first

Unconstrained feedstock potential (PJ):

Constrained by planting rate (Mte)

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

Electricity, Heat, Advanced biofuels

Domestic, Commercial, Industrial

Other:

Upper resource cost limit, if applicable: Price of non-energy crop resource +subsidy £8/GJ

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock 

that are independent of 

price.

éof which % that are independent of price:

UK energy crops: scenario 1 ( max 1G biofuels crops) UK tradeable

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data:  Kilpatrick 2008, Aylott, 2008

Physical constraints: Planting rate

Main conversion technology: Combustion, gasification or fermentation.

Unconstrained feedstock potential (MTe):
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Constraints ï Scenario 1 

Ability to 

overcome
£4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ

Easy 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Medium 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Hard 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% 0% 0%

Sum 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% 0% 0%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price (£4/GJ)

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 0% 3% 0% 0% 0% 0% 0% 2% 0% 0% 0% 0% 0% 5% 0%

Medium 0% 3% 0% 0% 0% 0% 0% 2% 2% 0% 0% 0% 0% 5% 2%

Hard 100% 25% 13% 0% 8% 0% 0% 7% 0% 0% 10% 0% 100% 50% 13%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

UK energy crops: scenario 1 ( max 1G biofuels crops)
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Results ï Scenario 2 
Feedstock name: Category:

Feedstock calorific value (GJ/Te): 19 Current use for energy (MTe): 0.1 MTe

Current use for energy (TJ): 0 TJ

Energy applications: Data source:  Nix, Aylott 2008, ADAS, 2008.

Scale:

2010 2015 2020 2025 2030

6.20 7.04 7.86 11.19 14.85

117.80 133.78 149.34 212.57 282.15

6.10 6.60 6.30 6.70 2.70

1.00 1.00 1.00 1.00 1.00
0.10 0.44 1.56 4.49 12.15

1.90 8.38 29.64 85.27 230.85

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

100% 54% 60% 72% 72%

0% 2% 5% 0% 0%

0% 2% 5% 2% 2%

100% 50% 50% 70% 70%
0% 52% 42% 51% 35%

0% 1% 1% 0.5% 0%

0% 1% 1% 0.5% 0%

0% 50% 40% 50% 35%
0% 40% 30% 0% 0%

0% 0.0% 0.0% 0% 0%

0% 0.0% 0.0% 0% 0%

0% 40% 30% 0% 0%

2010 2015 2020 2025 2030

2 8 30 85 231

Constrained potential at £4/GJ: 0 4 12 24 65

0 0 1 0 0

0 0 1 2 5

2 4 15 60 162

Constrained potential at £6/GJ: 2 4 17 42 150

0 0 0 0 0

0 0 0 0 0

0 4 12 43 81

Constrained potential at £10/GJ: 2 5 21 85 231

0 0 0 0 0

0 0 0 0 0

0 3 9 0 0

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Planting rates (material and equipment availability)

2) Farmer attitudes

3) Long term policy including sustainability requirements

4) Inconsistent yields

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are easy to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at £10/GJ feedstock price:

% reduction at £6/GJ feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base feedstock price (£4/GJ):

1) Biomaterials could compete for use of energy crops or for land for other crops. Not included in these estimates

Environmental constraints assumed: Water availability

Any assumptions re competing land use: Food and feed crops will be produced first

Competing uses for this feedstock:

Other: 

Upper resource cost limit, if applicable: Price of non-energy crop resource +subsidy £8/GJ

The unconstrained potential 

includes total feedstock 

arisings. The "accessible" 

potential removes any 

competing uses of the 

feedstock that are 

independent of price.

Unconstrained feedstock potential (PJ):

Potential not realised due to planting constraints(Mte)

éof which % that are independent of price:

Main conversion technology: Combustion, gasification or fermentation.

Physical constraints: Planting rate. This is a major constraint that is deemed to be independent of price. It is used to constrain the 

Unconstrained feedstock potential (MTe):

Annual resource potentials

Available for bioenergy use (MTe):

UK tradeable

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data:  Kilpatrick 2008, Aylott, 2008

Electricity, Heat, Advanced biofuels

Domestic, Commercial, Industrial

UK energy crops: scenario 2 (max energy crops)
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Constraints ï Scenario 2 

Ability to 

overcome
£4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ £4/GJ £6/GJ £10/GJ

Easy 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Medium 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Hard 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% 0% 0%

Sum 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% 0% 0%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price (£4/GJ)

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 0% 0% 0% 0% 3% 0% 0% 2% 0% 0% 0% 0% 0% 5% 0%

Medium 0% 0% 0% 0% 3% 0% 0% 2% 2% 0% 0% 0% 0% 5% 2%

Hard 100% 40% 60% 0% 8% 8% 0% 2% 2% 0% 0% 0% 100% 50% 70%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

UK energy crops: scenario 2 (max energy crops)
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Chapter 3: Biofuels  

Summary of assumptions and results 
Biofuels resources examined for the UK include first generation biofuels crops (wheat, sugar beet for 
bioethanol and oil seed rape for biodiesel) and the two other feedstocks for biodiesel, tallow and used 
cooking oil.  The crop resources were examined under two scenarios: 
Scenario 1: maximum use of land available to grow first generation biofuels crops 
Scenario 2: maximum use of land available to grow energy crops. 
 
The assumptions behind these scenarios are explained under first generation biofuels below, which 
also shows how available land was calculated. 
 
Summary of results 
Results are shown in graphs 9 to 12 below.  The graph for Scenario 1 with easy and medium 
constraints met shows that the UK could produce 48-80 PJ from first generation biofuels crops and up 
to 17PJ from tallow and UCO if easy and medium constraints are met at the high price modelled for 
biofuels.  The amount produced from 1G crops is much lower in scenario 2 (29PJ, over the whole time 
period).  

Figure 9 Graph showing biofuels availability at low price, no constraints met, Scenario 1 
(maximised for first generation biofuel crops) 
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Figure 10 Graph showing availability of biofuels in the UK at high price with easy and medium 
constraints met, scenario 1. 
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Figure 11 Graph showing biofuels availability in UK at low price, scenario 2 with no constraints 
addressed. 
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Figure 12 Graphs showing biofuels availability in UK at high price with easy and medium 
constraints met, scenario 2 
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Note on prices used in this analysis. 

For these feedstocks it is unrealistic to use the price ranges that were used for solid biomass.  Instead 
we have calculated a value based on market prices reported for biofuels crop feedstocks.  For tallow 
and UCO we have pegged the prices to those of OSR ïbiodiesel, on the basis that biodiesel from 
plant oils are more likely to set biofuels prices than the price of biodiesel from a limited resource such 
as tallow or UCO.   

The prices used are provided in Table 12. 

Table 12 Prices used in analysis of first generation biofuels 

Feedstock GJ fuel/t 
feedstock 

Feedstock 
price £/t 

Feedstock 
price £/GJ 
fuel 

Price range for model 

 £/t £/GJ 

Wheat 7.714 110 14.26 80 
110 
160 

10.4 
14.3 
20.7 

OSR 14.64 250 17.08 130 
200 
350 

8.9 
13.7 
23.9 

Sugar Beet 2.2078 31.5 14.27 18.9 
26 
37.8 

8.6 
11.8 
17.1 

Tallow 32.736   290.7 8.9 
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447.2 
782.6 

13.7 
23.9 

UCO 36.456   323.7 
498 
871.6 

8.9 
13.7 
23.9 

Sources: HGCA, Defra commodity prices, Farming On Line, NNFCC (2007), Farmersô Weekly, AEA et 
at (2008) 
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First generation biofuels  

Summary of assumptions and results 

Unconstrained 

Potential 

Scenario 1 

OSR-Biodiesel: 

0.42Mt (2010) to 

1.01Mt (2030); 

Wheat and sugar 

beet ï bioethanol: 

4.8Mt (2010) to 

7.8Mt (2030) 

 

Scenario 2 

OSR-Biodiesel: 

0.08Mt 

Wheat and sugar 

beet ï bioethanol: 

3.65Mt  

Assumptions 

 UK biofuels are produced from: 
- Biodiesel: oil seed rape (OSR), tallow and used cooking oil  
- Ethanol: wheat and sugar beet.  It is assumed that any increase in ethanol 

production in the future will be from wheat and not sugar beet. 

 Land currently used for food and feed will continue to serve these markets; 
but wheat currently exported for feed may represent a surplus that could 
be used for ethanol production 

 Processing capacity in the UK is not considered in this analysis. 

 Land use is assumed to be the same land that could be potentially used to 
produce energy crops.  To ensure that we do not double count two 
scenarios were developed.  Scenario 1: first generation biofuels dominate 
land use for biomass production.  Scenario 2: energy crops dominate this 
land use.   

 We have assumed that arable land of marginal productivity for arable 
crops is represented by land set aside in the past.  Kilpatrick et al (2008) 
indicate that there was an average of 480,000ha set aside in 2005-7 plus 
175,000ha bare fallow land (= 655,000 ha of land, which we have 
assumed is potentially available for energy or biofuels crops). 

 Un-cropped arable land (fallow agricultural land or set aside) was 
estimated by using the amount of land that remained un-cropped despite 
set aside being set to zero in 2008.  This amounted to 296,000ha.  We 
have assumed that this land was unsuitable for wheat or OSR. 

 We have assumed that grassland will not be converted to first generation 
biofuels crops 

 We have assumed that the land resource not currently used for agricultural 
purposes is not of sufficient quality to grow first generation biofuels crops. 

 Prices are not at £4/GJ, £6/GJ and £10/GJ as for other biomass feedstock, 
but are related to the price of the crop. 

Result:  

Scenario 1 

(480,000 ex set aside + 175000 bare fallow land) - 296,000 (un-cropped land) 

= 359,000ha hectares of available land by category in 2010. We assumed that 

66% of this land is planted with wheat and 34% with OSR in rotation. 

In addition the crops already used or with the potential to be used for first 

generation biofuels remain, that is: 

- 3Mt of surplus wheat, most of which is usually exported (HGCA 
2005).   

- Sugar beet, as currently used by British Sugar: 650,000 t (see: 
http://www.britishsugar.co.uk )   

- Oil seed rape, as indicated by the RFA (2010): 23,500ha 

Scenario 2 

This scenario assumes that any marginal arable land, fallow land or un-
cropped land would be used for energy crops.  This means that only the 3Mt 
surplus wheat and current crops used for biofuels are available for biofuels 
production. 
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This can be summarised: 

Crop Yield 
(t/ha) 

Land use 
(ha) 

Tonnage 
(Mt) 

Biofuel (t) PJ 
biofuel 

wheat 7.6 240,000 1.82 531,440 14.24 

Oilseed 
rape 
(winter) 

3.5* 120,000 0.42 171,570 6.38 

Sugar 
beet 

Crop used from British 
Sugar 

0.65 48,880 1.3 

Biofuels from additional surplus  

Wheat 3Mt feed wheat 
currently exported 
could be used for 
bioethanol. 

3 876,000 23.3 

Oilseed 
rape 

According to RFA 
statistics 23,500ha 
were used for 
biodiesel production in 
2009 

0.08 33599 1.2 

 

2030 

For 2030 we have assumed that increases in the yield of food and feed crops 
result in additional spare land, which can be used for biofuels production.  The 
increase in such land is from 655,000ha to 1.1Mha in 2030.  We have also 
assumed increases in the yield of biofuels crops. Thus the land for first 
generation biofuels crops increases to: 

1.1 M ha-296000ha = 804,000ha. 

Assumptions and biofuels production for 2030: 

 

Crop Yield 
(t/ha) 

Land use 
(ha) 

Tonnage 
(Mt) 

Biofuel (t) PJ 
biofuel 

wheat 9 530640 4.8Mt 1401600 37.3 

Oilseed 
rape 
(winter) 

3.7 273,360 1.01Mt 412585 15.3 

Sugar 
beet 

Crop used from 
British Sugar 

0.65 48,880 1.3 

In addition the surplus crop production indicated above is also assumed to be 

available in 2030. 

Cost  The factors that determine how much is available at three different cost points 
are: 

- Cost of production 
- Competition for land and feedstock from other markets 
- Government policy. 



UK and Global Bioenergy resource ï Annex 1 report: details of analysis 
AEA/ED56029/Final  

AEA 59 

Competing uses Assumptions on competing uses: food and non-energy uses. 

It is assumed that land currently used for food and feed production continues to 
be used for this purpose. 

It is assumed that there will be some competition with energy crops for the 
available land.  This is modelled using scenario analysis as indicated above. 

Constraints Low: 

- Lack of long term stable policies to enable investment 

- Regulatory uncertainty, unclear policy (e.g. on sustainability and on the 

food-biofuels debate). 

- Margins insufficient/farmer perception of market 

- Lack of understanding on meeting current and future sustainability 

standards (and what these standards will be). 

- Rotational constraints. 

Medium: 

- Yield of crop 

Hard to overcome: 
- Competition from overseas feedstock at cheaper price. This includes 

oils other than rapeseed oil 
- Public perception of food versus fuel 
- Concerns about the impact of biofuels on the prices of other 

commodities. 
- Lack of processing facilities for OSR in UK. 
- Sugar beet is at present. 

Results 

- At high prices and over time a significant proportion of the full unconstrained potential can be 
achieved in the UK.   

- At lower prices and fewer constraints addressed the resource available is much lower. 

 

Graphs showing results for OSR, Scenario 1 
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Graphs showing results for OSR, Scenario 2  
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Graphs showing results for Wheat and sugar 
beet, Scenario 1 
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Graphs showing results for Wheat and sugar 
beet, Scenario 2 
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Additional Details 
UK biofuels are currently produced from:  

 Biofuels from first generation energy crops (wheat, sugar beet and oilseed rape, OSR). 

 Biofuels from tallow and used cooking oil (UCO) 

This summary discusses the assumptions made in our analysis of potential first generation biofuels in 
the UK and factors that constrain that production. It does not consider biofuels produced outside the 
UK or crops produced outside the UK but imported into the country to be processed. 

First generation biofuel crops 

Resource assumptions 

Scenarios for production of biofuels from UK crops 

To understand the potential for UK production of biofuels we have examined current production of 
suitable crops, potential production of additional crops and current and potential production of biofuels 
from tallow and used cooking oil (UCO).  We have assumed that crops currently used for food and 
feed in the UK will continue to serve these markets; but that wheat currently exported for the feed 
market could be used for biofuels production in the UK instead.  In addition we have estimated land 
availability to grow additional crops suitable for production of first generation biofuels in the UK.  We 
have not considered the processing capacity for biofuels production in the UK. 

The land allocated in this analysis to first generation biofuels crops could also be used to grow 
lignocellulose energy crops.  Rather than make assumptions about the potential for these crops to be 
grown together, we have examined two scenarios: the first assumes that first generation biofuel crops 
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dominate the use of the land (ñhigh first generation cropsò); the second that energy crops dominate 
(ñHigh lignocellulose energy cropsò). 

Scenario 1 High first generation crops 

The UK is intensively cultivated, with little additional capacity for good quality arable land.  
Consequently there is a limit to potential increase in our capacity to produce first generation biofuel 
crops.  In this analysis we have estimated additional land that could be used for growing first 
generation biofuels crops from past allocation of land to set aside.  It was assumed that as this land 
was taken out of production for UK food and feed crops in the past it provides a representation of 
óspare landô capacity in the UK.  Analysis of set aside and fallow land from ADAS (Kilpatrick et al 2008) 
were used to estimate the maximum capacity for the UK to produce spare wheat and OSR for biofuels 
production to obtain an unconstrained potential for UK biofuels production.  Kilpatrick et al (2008) 
indicate that there was an average of 480,000ha set aside in 2005-7 plus 175,000ha bare fallow land 
(= 655,000 ha of land, which we have assumed is potentially available for energy or biofuels crops).  
Set aside was set to zero in 2008, but, despite high wheat prices, 296,000 ha remained un-cropped 
(Kilpatrick et al 2008). In our analysis we have assumed that this is an indication that this land is 
unsuitable for wheat or OSR or, if it were planted, yields would be low.  Therefore we have assumed 
that this land is not available for first generation biofuels crops.  Thus in this scenario the potential land 
available for first generation energy crops is: 

(480,000 ex set aside + 175000 bare fallow land) - 296,000 (un-cropped land) = 359,000ha. 

As the crops are grown in rotation, we have assumed that 66% of this land is planted with wheat and 
34% with oilseed rape in any one year.  That is:  

 Wheat area: 238,000ha (rounded to 240,000ha) 

 OSR area: 122400ha (rounded to 120,000ha)  

In addition the crops already used or with the potential to be used for first generation biofuels remain, 
that is: 

 3Mt of surplus wheat, most of which is usually exported (HGCA 2005).   

 Sugar beet, as currently used by British Sugar: 650,000 t (see: http://www.britishsugar.co.uk )   

 Oil seed rape, as indicated by the RFA (2010): 23,500ha 

We have assumed that sugar beet-ethanol does not increase in the future (as indicated in NNFCC, 
2007).   

The remainder of the ex-set aside land (296,000 ha), is assumed not suitable for wheat or OSR 
production and would be used for perennial energy crops. 

Scenario 2 High Lignocellulose energy crops 

This scenario assumes that woody or grass energy crops for biomass are planted on set aside land, 
so that additional biofuels crops are available only due to yield increases.  This means that the 3Mt of 
surplus wheat currently produced in the UK is available for biofuels production and the current use of 
sugar beet and oil seed rape continues, but there is no significant increase in the land planted with 
these crops. 

The yields of wheat, OSR and sugar beet, land use and biofuels production assumed in this analysis 
is shown in Tables 13 for 2010 and 2 for 2030. 

Table 13 Assumptions and biofuels production for 2010 

Crop Yield (t/ha) Land use (ha) Tonnage (Mt) Biofuel (t) PJ biofuel 

wheat 7.6 240,000 1.82 531,440 14.24 
Oilseed rape 
(winter) 

3.5* 120,000 0.42 171,570 6.38 

Sugar beet Crop used from British Sugar 0.65 48,880 1.3 

http://www.britishsugar.co.uk/
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Biofuels from additional surplus  
Wheat 3Mt feed wheat currently 

exported could be used for 
bioethanol. 

3 876,000 23.3 

Oilseed rape According to RFA statistics 
23,500ha were used for 
biodiesel production in 2009 

0.08 33599 1.2 

Notes: current yields of wheat, sugar beet and OSR are taken from ADAS (2008), HGCA web site, 
NNFCC (2007) for sugar beet. Conversion rates: from RFA Carbon and Sustainability Guidance. 

*SAC give a 5 year average yield for 1982-2004 of 3.52t/ha 

Assumptions for 2030 

We have assumed that increases in yield increases the land availability for first generation biofuels 
crops in Scenario 1.  In addition it also increases the yield of biofuels crops.  

The estimate of additional land availability from this source in 2030 is taken from E4Tech (2008).  
Using their analysis results in an increase in spare land for cultivation from 655000 ha to 1.1Mha.  This 
increase comes from increases in yields, which frees land for energy crop production.  It is assumed 
that all of this additional land could also be used to grow wheat or OSR.  Thus for scenario 1 the land 
availability for first generation biofuels crops increases to 1.1 Mha- 296000ha= 804,000 ha.  It is 
assumed that 66% of this land is planted with wheat and 34% of it with OSR (i.e. 530640 ha for wheat 
and 273360 ha for OSR).  

In addition yields of crops used for first generation biofuels are also predicted to increase to 9t/ha for 
wheat in 2020 (HGCA 2010).  Fisher et al (2009) predicted that OSR would increase in yield by 6-15% 
(by 2030) across the EU based on historical trends.   We have assumed an increase of 6% by 2030 to 
provide an average UK yield of 3.7t/ha. 

Table 14 Assumptions and biofuels production for 2030 

Crop Yield (t/ha) Land use (ha) Tonnage (Mt) Biofuel (t) PJ biofuel 

wheat 9 530640 4.8Mt 1401600 37.3 
Oilseed rape 
(winter) 

3.7 273,360 1.01Mt 412585 15.3 

Sugar beet Crop used from British Sugar 0.65 48,880 1.3 

 

In addition the surplus crop production in Table is also assumed to be available in 2030. 

Table 15 Summary of energy crops production in 2030- Total available for bioenergy 

Scenario SRC/ 
miscanthus (PJ) 

Wheat and SB 
(PJ) 

OSR (PJ) Total all 
crops (PJ)  

1-Maximum wheat/ 
OSR/SB 

76 60 15 151 

2-Maximum SRC/ 
miscanthus 

231 28 1.2 260 

 

Table 16 Summary of energy crops production in 2030- Total unconstrained potential for 

bioenergy 

Scenario SRC/ 
miscanthus (PJ) 

Wheat and SB 
(PJ) 

OSR (PJ) Total all 
crops (PJ)  

1-Maximum wheat/ 
OSR/SB 

76 60 15 151 

2-Maximum SRC/ 
miscanthus 

282 28 1.2 311 
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Constraints on first generation biofuels crops 

HGCA (2005) examined the constraints on the use of UK first generation feedstocks to produce 
biofuels and came up with three sets of constraints: 

 Uptake of biofuels is dependent on 

 Market demand, itself a function of Government policy and the production capacity of the UK 

 The extent to which UK crops will supply biofuels depends on: 

 Profitability relative to food markets 

 Cost of competitor feedstocks 

 Import levels of raw materials and biofuels 

 The production of UK feedstocks for biofuels is dependent on the land available, rotational 
constraints, and the demand for food and feed in the UK (which is a function of the price of food 
and feed).  These issues could be overcome if high prices were available. 

 Another important issue is how the market is perceived, particularly if varieties grown for biofuels 
production are required. 

Constraints on OSR production 

From the literature we have identified a number of constraints on OSR production: 

 Yield increases ï in general it is agreed that OSR yield increases rely on increased fertiliser 
input.  If biodiesel is to be produced sustainability we are only interested in yield increases 
achieved without additional fertiliser input.   

 Food demand ï OSR is also a food crop.  Its diversion into the biodiesel market may result in 
increased import of other crop oils into Europe (e.g. palm oil). 

 Land availability: we have limited availability of land on the assumption that OSR production 
for food and other uses would remain and that not all ex-set aside land is suitable for profitable 
OSR at margins sufficient for farmers.   

Constraints for Sugar beet 

We have identified a number of constraints on expansion of sugar beet for bioethanol.  These include: 

 The higher cost compared to wheat bioethanol 

 Logistics ï both transport, short harvest season and storage difficulties 

 Cost of extracting sucrose. 

 Yield (improved yields might decrease costs) 

 Closure of UK processing facilities 

 Value of sugar beet to farmer compare to value of alternative crops  

 Low value of co-products 

General constraints 

One major constraint relates to what the oil companies may decide to do in terms of biofuels 
production. For example, they may prefer the hydrogenation route for diesel and to use biobutanol 
instead of bioethanol.  However, these are demand side constraints are not included in this analysis. 

Summary 

The most important constraints on the availability of first generation crops for biofuels in the UK are: 

 Farmer margins and the competition with other crops that may present better margins for the land 
available 

 Regulation and policy uncertainty, both for agricultural policy and transport fuel policy 

 The technical and environmental constraints on yield and whether or not yields improve over the 
next 20 years. 

 Competition from imported feedstock, which may be cheaper than UK feedstock. 
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Results 

The results are shown below in the following order: 

Biodiesel ï Scenario 1 

Biodiesel ï Scenario 2 

Bioethanol ï Scenario 1 

Bioethanol ï Scenario 2 
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Results ï Biodiesel Scenario 1 
Feedstock name: Category:

Biofuel produced/Te feedstock (GJ/Te): 14.64 Current use for energy (MTe): 0.07 MTe

Current use for energy (TJ): 79 TJ

Energy applications: Data source:  RFA

Scale:

2010 2015 2020 2025 2030

0.50 0.65 0.80 0.95 1.09

7 10 12 14 16

0.0 0.0 0.0 0.0 0.0

0% 0% 0% 0% 0%

0.50 0.65 0.80 0.95 1.09

7 10 12 14 16

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

80% 45% 28%

20% 7% 2%

20% 13% 10%

40% 25% 16%

63% 37% 8%

10% 5% 0%

18% 12% 0%

35% 20% 8%

33% 10% 5%

3% 0% 0%

15% 0% 0%

15% 10% 5%

2010 2015 2020 2025 2030

7 10 12 14 16

Constrained potential at low price: 1 4 6 9 11

1 1 1 1 0

1 2 2 2 2

3 3 3 3 3

Constrained potential at medium price: 3 5 7 11 15

1 1 1 0 0

1 1 1 1 0

3 3 2 2 1

Constrained potential at high price: 5 7 11 13 15

0 0 0 0 0

1 1 0 0 0

1 1 1 1 1

Electricity, Heat, Biofuels, Advanced biofuels

Domestic, Commercial, Industrial

Other: yield increases assumed from literature.  Increase in land available due to increase in yields of food and feed crops assumed from 

literature.

Upper resource cost limit, if applicable: Limits are set by price for OSR on the open market.  

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock that 

are independent of price.

éof which % that are independent of price:

Biodiesel - OSR scenario 1 UK tradeable

Source of data: SAC (2005), HGCA (2005) Kilpatrick (2008), Fisher et al (2009)

Physical constraints: Crushing facilities in UK

Main conversion technology: Transesterification

Unconstrained feedstock potential (Feedstock, MTe):

Unconstrained feedstock potential (PJ final biofuel):

Competing feedstock uses at £4/GJ (MTe):

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

1) Food

Environmental constraints assumed: For good yields fertilisers are required, but these may influence the carbon balance of the biodiesel 

Any assumptions re competing land use: Have assumed that non-food crop land is used (based around wheat rotation on ex set aside 

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

2) Other industrial uses

3) Export to elsewhere in EU for production of biodiesel.

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base/low feedstock price:

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at high feedstock price:

Constraints that are easy to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Competition from alternative biodiesel feedstock in UK

2) Land availability for OSR

3) Margins for farmers

4) Suitable biodiesel production capacity in UK

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at medium feedstock price:

Constraints that are hard to overcome

Constraints that are medium to overcome
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Constraints  ɀ Biodiesel Scenario 1  

Ability to 

overcome
low medium high low medium high low medium high low medium high low medium high

Easy 0% 0% 0% 20% 10% 3% 0% 0% 0% 0% 0% 0% 20% 10% 3%

Medium 0% 0% 0% 20% 18% 15% 0% 0% 0% 0% 0% 0% 20% 18% 15%

Hard 25% 20% 5% 5% 5% 0% 10% 10% 15% 0% 0% 0% 40% 35% 20%

Sum 25% 20% 5% 45% 33% 18% 10% 10% 15% 0% 0% 0% 80% 63% 38%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price 

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 0% 0% 0% 20% 7% 2% 0% 0% 0% 0% 0% 0% 20% 7% 2%

Medium 0% 0% 0% 20% 13% 10% 0% 0% 0% 0% 0% 0% 20% 13% 10%

Hard 25% 15% 10% 5% 2% 0% 10% 8% 6% 0% 0% 0% 40% 25% 16%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

Biodiesel - OSR scenario 1
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Results ï Biodiesel Scenario 2 
Feedstock name: Category:

Biofuel produced/t feedstock (GJ/Te): 14.64 Current use for energy (MTe): 0.07 MTe

Current use for energy (TJ): 79 TJ

Energy applications: Data source:  RFA

Scale:

2010 2015 2020 2025 2030

0.08 0.08 0.08 0.08 0.08

1.2 1.2 1.2 1.2 1.2

0.0 0.0 0.0 0.0 0.0

0% 0% 0% 0% 0%

0.08 0.08 0.08 0.08 0.08

1.2 1.2 1.2 1.2 1.2

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

80% 45% 28%

20% 7% 2%

20% 13% 10%

40% 25% 16%

63% 37% 8%

10% 5% 0%

18% 12% 0%

35% 20% 8%

33% 10% 5%

3% 0% 0%

15% 0% 0%

15% 10% 5%

2010 2015 2020 2025 2030

1 1 1 1 1

Constrained potential at low price: 0 0 1 1 1

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

Constrained potential at medium price: 0 1 1 1 1

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

Constrained potential at high price: 1 1 1 1 1

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

Electricity, Heat, Biofuels, Advanced biofuels

Domestic, Commercial, Industrial

Upper resource cost limit, if applicable: Limits are set by price for OSR on the open market.  

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock that 

are independent of price.

éof which % that are independent of price:

Biodiesel - OSR scenario 2 UK tradeable

Source of data: SAC (2005), HGCA (2005) ADAS (2008)

Physical constraints: Crushing facilities in UK

Main conversion technology: Transesterification

Unconstrained feedstock potential (MTe):

Unconstrained feedstock potential (PJ):

Competing feedstock uses at £4/GJ (MTe):

Annual resource potentials

Available for bioenergy use (MTe):

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Competing uses for this feedstock:

1) Food

Environmental constraints assumed: For good yields fertilisers are required, but these may influence the carbon balance of the biodiesel 

Any assumptions re competing land use: Have assumed that non-food crop land is used (based around wheat rotation on ex set aside 

Other: 

Constraints that are hard to overcome

% reduction at high feedstock price:

% reduction at medium feedstock price:

2) Other industrial uses

3) Export to elsewhere in EU for production of biodiesel.

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base/low feedstock price:

Constraints that are hard to overcome

1) Competition from alternative biodiesel feedstock in UK

2) Land availability for OSR

3) Margins for farmers

4) Suitable biodiesel production capacity in UK

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constraints that are medium to overcome

Constraints that are easy to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome
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Constraints ï Biodiesel Scenario 2 

Ability to 

overcome
Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High

Easy 0% 0% 0% 20% 10% 3% 0% 0% 0% 0% 0% 0% 20% 10% 3%

Medium 0% 0% 0% 20% 18% 15% 0% 0% 0% 0% 0% 0% 20% 18% 15%

Hard 25% 20% 5% 5% 5% 5% 10% 10% 5% 0% 0% 0% 40% 35% 15%

Sum 25% 20% 5% 45% 33% 23% 10% 10% 5% 0% 0% 0% 80% 63% 33%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price 

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 0% 0% 0% 20% 7% 2% 0% 0% 0% 0% 0% 0% 20% 7% 2%

Medium 0% 0% 0% 20% 13% 10% 0% 0% 0% 0% 0% 0% 20% 13% 10%

Hard 25% 15% 10% 5% 2% 0% 10% 8% 6% 0% 0% 0% 40% 25% 16%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

Biodiesel - OSR scenario 2
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Results ï Bioethanol Scenario 1 
Feedstock name: Category:

S1 is scenario 1

Biofuel produced per tonne feedstock (GJ/Te): 7.714 Current use for energy (MTe): 0.03 MTe

Current use for energy (TJ): 1 TJ

Energy applications: Data source:  RFA 2010

Scale:

2010 2015 2020 2025 2030

5.4 6.3 7.0 7.8 8.5

42 48 54 60 65

1.5 1.6 1.6 1.7 1.7

0% 0% 0% 0% 0%

5.4 6.3 7.0 7.8 8.5

42 48 54 60 65

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

77% 51% 33%

43% 27% 23%

32% 22% 10%

2% 2% 0%

55% 30% 20%

26% 15% 12%

27% 15% 8%

2% 0% 0%

27% 11% 5%

7% 1% 0%

20% 10% 5%

0% 0% 0%

2010 2015 2020 2025 2030

42 48 54 60 65

Constrained potential at low price: 10 17 26 35 44

18 17 14 15 15

13 13 12 10 7

1 1 1 1 0

Constrained potential at medium price: 19 28 38 45 52

11 10 8 8 8

11 10 8 7 5

1 0 0 0 0

Constrained potential at high price: 30 39 48 55 62

3 2 1 0 0

8 7 5 4 3

0 0 0 0 0

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Lack of long-term stable policy environment

2) Insufficient processing capacity in UK

3) Price of overseas feedstocks cheaper than UK feedstocks

4) Insufficient margin for farmers

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at medium feedstock price:

Constraints that are hard to overcome

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at hight feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

2) Feed (export)

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base/low feedstock price:

Competing feedstock uses at £4/GJ (MTe):

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

1) Food (export)

Environmental constraints assumed: none

Any assumptions re competing land use: Have assumed that UK wheat produced for export is available and that only land that is not in current 

 Biofuels

Other: 

Upper resource cost limit, if applicable: Price of feedstock will be dependent on price of wheat for feed and food

The unconstrained potential 

includes total feedstock 

arisings. The "accessible" 

potential removes any 

competing uses of the 

feedstock that are 

independent of price.

éof which % that are independent of price:

UK bioethanol crops (wheat and sugar beet) S1 UK tradeable

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: HGCA (2010), ADAS (2008), NNFCC (2007)

Main conversion technology: Fermentation

Unconstrained feedstock potential (Mte Feedstock):

Unconstrained feedstock potential (PJ final biofuel):
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Constraints ï Bioethanol Scenario 1 

Ability to 

overcome
Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High

Easy 30% 15% 2% 10% 8% 5% 3% 3% 0% 0% 0% 0% 43% 26% 7%

Medium 0% 0% 0% 25% 20% 15% 7% 7% 5% 0% 0% 0% 32% 27% 20%

Hard 2% 2% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 2% 0%

Sum 32% 17% 2% 35% 28% 20% 10% 10% 5% 0% 0% 0% 77% 55% 27%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 30% 20% 18% 10% 7% 5% 3% 0% 0% 0% 0% 0% 43% 27% 23%

Medium 0% 0% 0% 25% 17% 10% 7% 5% 0% 0% 0% 0% 32% 22% 10%

Hard 2% 2% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 2% 0%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

UK bioethanol crops (wheat and sugar beet) S1
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Results ï Bioethanol Scenario 2 
Feedstock name: Category:

S2 is scenario 2

Biofuel produced/Te Feedstock  (GJ/Te): 7.714 Current use for energy (MTe): 0.03 MTe

Current use for energy (TJ): 1 TJ

Energy applications: Data source:  RFA 2010

Scale:

2010 2015 2020 2025 2030

3.65 3.65 3.65 3.65 3.65

28 28 28 28 28

3.7 3.7 3.7 3.7 3.7

0% 0% 0% 0% 0%

3.65 3.65 3.65 3.65 3.65

28 28 28 28 28

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

77% 51% 33%

43% 27% 23%

32% 22% 10%

2% 2% 0%

55% 30% 20%

26% 15% 12%

27% 15% 8%

2% 0% 0%

27% 11% 5%

7% 1% 0%

20% 10% 5%

0% 0% 0%

2010 2015 2020 2025 2030

28 28 28 28 28

Constrained potential at low price: 6 10 14 16 19

12 10 8 7 6

9 8 6 5 3

1 1 1 0 0

Constrained potential at medium price: 13 16 20 21 23

7 6 4 4 3

8 6 4 3 2

1 0 0 0 0

Constrained potential at high price: 21 23 25 26 27

2 1 0 0 0

6 4 3 2 1

0 0 0 0 0

 Biofuels

Upper resource cost limit, if applicable: Price of feedstock will be dependent on price of wheat for feed and food

The unconstrained 

potential includes total 

feedstock arisings. The 

"accessible" potential 

removes any competing 

uses of the feedstock that 

are independent of price.

éof which % that are independent of price:

UK bioethanol crops (wheat and sugar beet) S2 UK tradeable

Availbale for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: HGCA (2010), ADAS (2008), NNFCC (2007)

Main conversion technology: Fermentation

Unconstrained feedstock potential (Mte feedstock):

Unconstrained feedstock potential (PJ final biofuel):

Competing feedstock uses at low price:

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

1) Food (export)

Environmental constraints assumed: none

Any assumptions re competing land use: Have assumed that UK wheat produced for export is available and that only land that is not in 

Other: 

2) Feed (export)

3) 

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base/low feedstock price:

Constraints that are hard to overcome

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at high feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Lack of long-term stable policy environment

2) Insufficient processing capacity in UK

3) Price of overseas feedstocks cheaper than UK feedstocks

4) Insufficient margin for farmers

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at medium feedstock price:
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Constraints ï Bioethanol l Scenario 2 

Ability to 

overcome
Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High

Easy 30% 15% 2% 10% 8% 5% 3% 3% 0% 0% 0% 0% 43% 26% 7%

Medium 0% 0% 0% 25% 20% 15% 7% 7% 5% 0% 0% 0% 32% 27% 20%

Hard 2% 2% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 2% 0%

Sum 32% 17% 2% 35% 28% 20% 10% 10% 5% 0% 0% 0% 77% 55% 27%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price 

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 30% 20% 18% 10% 7% 5% 3% 0% 0% 0% 0% 0% 43% 27% 23%

Medium 0% 0% 0% 25% 17% 10% 7% 5% 0% 0% 0% 0% 32% 22% 10%

Hard 2% 2% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 2% 0%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

UK bioethanol crops (wheat and sugar beet) S2
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Tallow and Used cooking oil (UCO) 

Tallow - Summary of assumptions and results 

Unconstrained Potential 

0.3Mt/y (10PJ/y)  

 

Accessible potential 
0.23Mt/y, of which 0.064t is 
price dependent. 

Assumptions 

- Total quantity of tallow produced in UK is 200,000-290,000t.  
We have used 290,000t in this work. 

- 34.46GJ fuel is produced per tonne of feedstock. 
- Assumed that some 50,000t/y are used in feed and food, 

which are high value markets, but that the rest could be 
used for energy.  Energy uses include heat and power on 
the producerôs site as well as a feedstock for biofuels.   

- Biofuel production will be limited by conversion facilities, but 
this is not considered here.  

- Price range used in analysis is pegged to the price of biodiesel 
from OSR. 

Cost  The factors that determine how much is available at three different cost 
points are: 

- The competition for tallow and the price people are willing to 
pay for the competing supply. 

- The amount of tallow going to the high value food and feed 
markets. 

Competing uses Assumptions on competing uses:  

- The 50,000t used in food and feed will only be used for 
biofuels if the price is high enough. 

- Tallow (category 3) can also be used for oleochemicals 
- We have assumed these uses are price dependent. 

Constraints Low: 

- Price of feedstock dictates the use of the feedstock. 
- Regulatory and policy uncertainty, particularly with respect to 

the combustion of tallow for heat on rendererôs site 
- Restricted processing capacity in the UK. 

Hard to overcome: 

- Cheap imports of biodiesel may undermine the price that can 
be obtained for tallow biodiesel. 

Results 

Graphs of results for tallow 
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UCO ï Summary of assumptions and results 
Unconstrained 
Potential 

0.25Mt/y (10PJ/y) 

Accessible potential 
0.25Mt/y, of which 
0.03t is price 
dependent. 

Assumptions 

- Main sources of UCO are catering, food factories and households.  
The latter represents the greatest resource, but would need to be 
collected separately from households if it is to be used. 
- Figures for UCO arisings are from WRAP (2008).  Current use is 
for animal feed (food factory UCO only).  The UK resource is limited by 
its use in food preparation.  There is considerable potential to import, 
but this is not considered here. 
- The price range examined is pegged to the price of OSR-biodiesel. 

Cost  The factors that determine how much is available at three different cost 
points are: 

- The competition for UCO from food factories. 
- Alternatives for its disposal 

Competing uses Assumptions on competing uses:  

 
Competing markets for this energy use include export and oleo chemicals 
(totalling 25,000t/y). 
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UCO can also be exported. 

Constraints Low: 

- Regulatory and policy uncertainty. 
 
Hard to overcome: 

- Incomplete or immature supply chain (domestic UCO in particular) 
Results 

 

Graphs of results for UCO 
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Additional details 

Tallow and Used cooking oil (UCO) 
Tallow is a by-product of meat processing.  It is a limited resource in the UK, depending on the 
production of meat.  As produced tallow is classified into a series of categories, dictated by the Animal 
By-products regulations: 

 Category 1 can only be used for burning or fuel production 

 Category 2 can be used for industrial applications 

 Category 3 can be used for human contact (e.g. in soaps and cosmetics). 
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No tallow is disposed to landfill and all tallow produced has an economic use at present.  The 
competing uses are mainly relevant to category 2 and 3 tallow and relate to its use in the 
oleochemicals industry.  More information on this is available in AEA et al (2008). 

The main sources of UCO in the UK are: catering premises, food factories and households.  According 
to WRAP (2008) the quantities produced in each of these sectors are: 

 Catering: 108,000t/y 

 Food factories: 20,000t/y 

 Households: up to 130000t/y  

Most UCO is waste and was, until recently, sent to landfill or poured down the drain.  The exception is 
food factory UCO, which attracts a premium price as an ingredient for animal feed.   

WRAP (2008) estimated that across all sources total UCO arisings are at least 250Kt/yr. Their data 
shows that around 82,000 t/y goes to small scale biodiesel and around 1000t/y is incinerated.  
Competing markets for this energy use include export and oleo chemicals (totalling 25,000t/y). 

Table 17 Summary of unconstrained resource of UK tallow and UCO for biofuels 

Feedstock Quantity (Mt/y) Biofuel potential Comments 

Tallow 0.2 ï 0.29 (AEA 
et al 2009). 
Amount assumed 
for unconstrained 
resource in this 
analysis: 0.3. 

0.26Mt, 

assuming I t 
tallow produces 
0.875t biodiesel 

 

Not all of this is category 1 tallow, but the 
amount of category 1 tallow produced will vary 
with the price that users are willing to pay.  We 
have assumed that, for the unconstrained 
resource, all of this tallow could be available 
and then constrained it by considering 
competing uses and price. 

Currently there is only one plant where tallow is 
converted to biodiesel in the UK, at Motherwell 
(45,000t/y), which also uses waste vegetable oil 
and can use virgin oil; and there is one plant in 
planning at Ellesmere Port, which will have a 
capacity of 170,000t biodiesel/y when it is built.  
This plant will use 150,000 t of cooking oil and 
tallow (Argent 2010). 

UCO 0.25. 

 

0.21Mt, 
assuming 

0.875t biodiesel/t 
UCO 

Figures from the RFA for year
2
  and year 2 of 

the RTFO indicate that 36617 and 34937t of 
UCO were used for biodiesel production in 
these years.   In addition to this it is likely that 
small producers also produce a significant 
quantity of their biodiesel from UCO. 

 

Constraints on tallow and UCO 

We have considered the following constraints on the use of tallow for biodiesel: 

                                                           

2
 See: http://www.renewablefuelsagency.gov.uk/sites/renewablefuelsagency.gov.uk/.  The RFA report that 36Ml biodiesel was 

supplied from UK UCO in 2008-9 and their unverified figures for 2009-10 indicate that supply was around 40Ml biodiesel from 

UK UCO.  Assuming conversion factors of 0.875t biodiesel/t UCO and 0.89 kg biodiesel per litre (RFA C&S Guidance), this 

converts to 46230 and 51364t UK UCO respectively.   

http://www.renewablefuelsagency.gov.uk/sites/renewablefuelsagency.gov.uk/
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 The amount of tallow produced in the UK is limited by the production of meat and is not likely to 
increase significantly between 2010 and 2030.  This is taken into account in our unconstrained 
resource. 

 Competition: Tallow is already successfully used as a fuel by renderers.  The major restriction on 
this use is the need for disposal in a WID-compliant combustion system.   This is not restricting 
current combustion, but may restrict expansion in the future. 

 Competition: The price the customer is willing to pay for tallow has a strong influence on how it is 
used and the competition from alternative uses.  In other words, although there is an alternative 
market for tallow in feed, food and oleo chemicals, if the price being offered for tallow for biodiesel 
increases substantially (to £10/GJ), no category 2 and 3 tallow would be produced for these 
alternative purposes.  The price for tallow in the UK is the major constraint for the use of this 
feedstock from UK sources. 

 The price of biodiesel imported from abroad has a strong influence on the development of 
biodiesel plants in the UK and could restrict the development of further tallow biodiesel plants in 
the UK.  This means that there are limited conversion facilities for tallow biodiesel at present in the 
UK.  This is a downstream affect and is not considered in this analysis, but it does have important 
implications for the use of this feedstock. 

We have considered the following constraints for UCO: 

 The amount of UCO produced in the UK is limited by its use in food preparation.  We have taken 
this into account by limiting the unconstrained resource in this analysis. However, under the 
animal by products regulations a significant amount of UCO which is contaminated with meat 
cannot be used as animal feed. 

 Competition: there are a number of potential competing uses, such as use for heat and production 
of oleo chemicals.  WRAP (2007) estimate that these uses represent a total of 26,000t/y. 

 Production of UCO is not always straight forward.  A significant resource (130,000t/y) is produced 
by households, which means that it is difficult to separate from general waste.  However, local 
authorities are undertaking pilots to see if it is possible to collect UCO separately.  In this analysis 
we have assumed that, given the right price, this is feasible. 

 The use of UCO for biodiesel is limited by production facilities in the UK.  We consider this a 
downstream constraint and have not considered it in this analysis. 

 

 

 

 

 

 

 

 

 

 

 



UK and Global Bioenergy resource - Annex 1 report: details of analysis   
AEA/ED56029/Final 

80 AEA 

Results ï Tallow  
Feedstock name: Category:

Biofuel produced per tonne feedstock (GJ/Te): 32.74 Current use for energy (MTe): 0.2 MTe

Current use for energy (TJ): 7,400 TJ

Energy applications: Data source:  AEA et al  2008

Scale:

2010 2015 2020 2025 2030

0.3 0.3 0.3 0.3 0.3

10 10 10 10 10

0.10 0.10 0.10 0.10 0.10

0% 0% 0% 0% 0%

0.3 0.3 0.3 0.3 0.3

10 10 10 10 10

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

85% 57% 45%

75% 37% 47% 35% 35%

0% 0% 0% 0% 0%

10% 10% 10% 10% 10%

35% 25% 10%

25% 15% 15% 15% 0%

0% 0% 0%

10% 10% 10% 10% 10%

0% 0% 0%

0% 0% 0% 0% 0%

0% 0% 0% 0% 0%

0% 0% 0% 0% 0%

2010 2015 2020 2025 2030

10 10 10 10 10

Constrained potential at low price: 1 3 4 5 5

7 6 5 4 3

0 0 0 0 0

1 1 1 1 1

Constrained potential at medium price: 6 7 7 8 9

2 2 1 1 0

0 0 0 0 0

1 1 1 1 1

Constrained potential at high price: 10 10 10 10 10

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Production of meat in UK

2) Need to treat category 1 tallow in WID compliant combustion systems

3) Limits in facilities available for conversion to biodiesel.

4) At low prices alternative uses are important constraint 

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at medium feedstock price:

Constraints that are hard to overcome

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at high feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

2) Animal feed

3) Soap and oleochemicals

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base/low feedstock price:

1) Heat use competes with biodiesel production at low prices

Environmental constraints assumed: none

Any assumptions re competing land use: none

Unconstrained feedstock potential (PJ final biofuel):

Competing feedstock uses at £4/GJ (MTe):

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

Electricity, Heat, Biofuels, 

Commercial, Industrial

Other: Based on analysis in AEA et al (2008) we have assumed that as the price increases the production of tallow is switched from category 2 

Upper resource cost limit, if applicable: Price of oil/gas (for heat); price of imported biodiesel.

The unconstrained potential 

includes total feedstock 

arisings. The "accessible" 

potential removes any 

competing uses of the 

feedstock that are 

independent of price.

éof which % that are independent of price:

Tallow UK wastes and residues non-tradable

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: AEA et al 2008, Uniquema, 

Physical constraints: Total tallow production is constrained by meat production in UK.

Main conversion technology: combustion for heat, although biodiesel production may be significant at higher prices.

Unconstrained feedstock potential ( Feedstock MTe):
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Constraints ï Tallow  

Ability to 

overcome
Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High

Easy 35% 10% 0% 5% 5% 0% 35% 10% 0% 75% 25% 0%

Medium 0% 0% 0%

Hard 10% 10% 0% 10% 10% 0%

Sum 45% 20% 0% 5% 5% 0% 0% 0% 0% 35% 10% 0% 85% 35% 0%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price 

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 35% 35% 35% 5% 2% 0% 0% 35% 10% 0% 75% 47% 35%

Medium 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Hard 10% 10% 10% 0% 0% 0% 0% 0% 10% 10% 10%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

Tallow
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Results ɀ UCO 
Feedstock name: Category:

Biofuel produced/t feedstock (GJ/Te) 36.456 Current use for energy (MTe): 0.08 MTe

Current use for energy (TJ): 3,034 TJ

Energy applications: Data source:  WRAP and Environment Agency (2008)

Scale:

2010 2015 2020 2025 2030

0.25 0.25 0.25 0.25 0.25

9 9 9 9 9

0.03 0.03 0.03 0.03 0.03

0% 0% 0% 0% 0%

0.25 0.25 0.25 0.25 0.25

9.11 9.11 9.11 9.11 9.11

This is known as the "acessible potential" and excludes the price-independent competing uses

Impact of supply side contraints on resource potential available to energy market

2010 2015 2020 2025 2030

62% 50% 40%

10% 0% 0%

52% 50% 40%

60% 50% 27%

8% 8% 5%

52% 42% 22%

40% 30% 20%

0% 0% 0%

40% 30% 20%

2010 2015 2020 2025 2030

9 9 9 9 9

Constrained potential at low price: 3 4 5 5 5

1 0 0 0 0

0 0 0 0 0

5 5 5 4 4

Constrained potential at medium price: 4 4 5 6 7

1 1 1 1 0

0 0 0 0 0

5 4 4 3 2

Constrained potential at high price: 5 6 6 7 7

0 0 0 0 0

0 0 0 0 0

4 3 3 2 2

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

1) Regulatory constraints which make price of using UCO for heat or power expensive

2) Immature supply chain.

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

Constrained resource potentials (PJ)

"Accessible" resource potential (PJ)

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction at medium feedstock price:

Constraints that are hard to overcome

Constraints that are hard to overcome

Constraints that are easy to overcome

Constraints that are medium to overcome

Constraints that are hard to overcome

% reduction at high feedstock price:

Constraints that are easy to overcome

Constraints that are medium to overcome

2) oleochemicals and soap

Constraints that are easy to overcome

Constraints that are medium to overcome

% reduction of accessible potential

List the top four constraints:

% reduction at base (low) feedstock price:

1) Animal feed

Environmental constraints assumed: none

Any assumptions re competing land use: none

Unconstrained feedstock potential (PJ final biofuel):

Competing feedstock uses at low price (MTe):

Annual resource potentials

Available for bioenergy use (MTe):

Competing uses for this feedstock:

Electricity, Heat, Biofuels

 Commercial, Industrial

Other: There are few details on this resource and little information on its CV.  We have assumed a high CV that reflects the lower range of 

Upper resource cost limit, if applicable: none

The unconstrained potential 

includes total feedstock 

arisings. The "accessible" 

potential removes any 

competing uses of the 

feedstock that are 

independent of price.

éof which % that are independent of price:

Used cooking oil, UK only UK tradeable

Available for bioenergy use (PJ):

List the qualifications and assumptions used to derive the unconstrained potential:

Source of data: WRAP and Environment Agency protocols on waste vegetable waste

Physical constraints: collection of some of the feedstock (particularly from households) will be costly and difficult.

Main conversion technology: biodiesel.  Could be used in combustion but would generally come under WID.

Unconstrained feedstock potential (MTe feedstock):
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Constraints ï UCO  

Ability to 

overcome
Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High

Easy 10% 8% 0% 10% 8% 0%

Medium 0% 0% 0%

Hard 52% 52% 40% 52% 52% 40%

Sum 52% 52% 40% 10% 8% 0% 0% 0% 0% 0% 0% 0% 62% 60% 40%

Feedstock name: Impact of maturing market on supply constraints at base feedstock price 

Ability to 

overcome
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Easy 0% 10% 0% 0% 0% 0% 10% 0% 0%

Medium 0% 0% 0% 0% 0% 0% 0%

Hard 52% 50% 40% 0% 0% 0% 52% 50% 40%

Totals

Market Policy/Regulatory Technical Infrastructure Totals

Market Policy/Regulatory Technical Infrastructure

Used cooking oil, UK only
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Chapter 4: Waste Fuels 
 

UK waste fuels considered in this report included: 

 Waste wood 

 Solid waste: Municipal, industrial and commercial waste 

 Wet waste suitable for anaerobic digestion 

A description of the methodologies used for each of these is provided below. 

Waste wood  

Summary of assumptions and results 

Unconstrained 
Potential 

 

5Mt waste wood 

(85.3 PJ) from 
2010 to 2030. 

 

Available for 
energy use: 

3.5Mt (67PJ) 2010-
2020. 

 

 

Assumptions 

 

Resource studies for recycling and recovery were used for statistics on waste 
wood production.  Of these the most recent (WRAP 2009 and Defra 2009) 
contain the most up to date information on potential availability.  Their figures 
only examine resource that could be accessed and not total resource.  

Assume whole resource is available to bioenergy and all types of waste wood 
could be used. 

Assume resource is available dry. 

Results: 

Resource comprises: 
Packaging ï 1.2Mt 
Commercial &Industrial waste wood: 0.46Mt 
Construction and demolition waste wood: 2.32Mt 
MSW: 1.06Mt 
Resource remains stable from 2010 to 2030. 

Competing uses Assume that 1.2Mt of waste wood that goes to panel board industry and 0.3Mt 
that goes to high value products such as horticulture and animal bedding, 
leaving 3.5Mt  

Yield rates Currently only access easy to sort waste wood.  However, all resource could 
be available. 

Requires investment and infrastructure to make this feasible. 

Cost  Waste wood is by definition a discarded product and has traditionally been 
available at zero or negative price.  However, as demand is outstripping supply 
the price has risen to up to £30/t or just under £2/GJ.  The lowest price 
examined in this study should make all resource, except for highest value 
fraction (some 185,000t) available for bioenergy. 

Constraints Low: 

- Location of feedstock compared with demand 
- Substantial investment required for processing and handling. 
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- Lack of standards for wood fuel ï particularly for waste wood that comes 
under WID

3
for purposes of combustion 

- Planning and licensing requirements for WID feedstocks. 

Total constraint: 25% in 2010 @ £4/GJ, reducing to 0% by 2020 

Medium: 

- Lack of suitable conversion equipment for difficult feedstocks 
- Lack of cost effective advanced conversion systems. 

Total constraint: 20% in 2010@ £4/GJ, reducing to 0% by 2020 

High: 

- Concerns about impact on prices of competing uses. 
Total constraint: not included as it is a function of price and at £4/GJ the price 
is already sufficient to out price competition. 

Competing uses Assumptions on competing uses:  
Only very high value products are not affected by price being offered for 
bioenergy. 
 
Competing uses are: 

Use Tonnage 

Panel board 1,119,000 

Animal/poultry bedding 350,000 

Equine surfaces 73,000 

Mulches, soil conditioners and composting 95,000 

Pathways and coverings  17,000 

 

 

 

Results 

- The accessible resource rises around threefold between 2010 and 2030, due mainly to the 
reduction of waste landfilled.  The constraints are not strongly sensitive to the energy price 
and are mainly hard to overcome. 

 

 

 

 

 

Graphs showing results for waste wood 

 

 

 

 

 

 

                                                           

3 WID: Waste Incineration Directive, which requires strict emissions compliance, which is adds cost to energy recovery. 
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Additional information - Waste wood 
 Introduction 

The UK waste wood potential is not clearly known.  There are no statistics on waste wood and the 
information that is gathered tends to be for recycling and recovery use or derived from surveys of the 
composition of various waste streams.

4
   From this data the latest information for the UK is: 

 

 

 

 

 

                                                           

4
 The amount of waste wood has been estimated in a number of studies.  As the bulk of the waste wood stream arises in the 

industrial and construction and demolition sectors and these sectors are not subject to routine surveys of the composition of 

their waste all of these studies have had to rely on surveying of a relatively small proportion of sites and extrapolation of the 

results.  This means that the results are subject to uncertainty.  The data we present here shows the range of figures obtained.  

In a recent report CONFOR (2010) summed this up ñEstimates of the size of the waste wood market vary quite considerably 

indicating that there are considerable uncertainties about the true size of the market because of the lack of accurate information 

about the quantity of material going into the different waste streams.ò 


















































































































































