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1.
EXECUTIVE SUMMARY

1.1. BACKGROUND

1.1.1. The Review meeting for the Bioenergy programme was held on the 17th June 2003 at the Scarman Building in the University of Warwick Conference Centre, Coventry.  The current programme includes research on perennial grasses, short-rotation forestry and analyses of the potential effect bioenergy crops may have if grown as a commercial crop in the UK.  The current Defra policy client for this work is the Agri-Industrial Materials Branch of the Organic Farming and Industrial Crops Division within the Land Use and Rural Affairs Directorate General.

1.1.2. The external assessors attending the review meeting were: Dr Gillian Alker, Dr Iain Donnison (IGER), Dr Wolter Elbersen (ATO, Netherlands), Dr John Gibbs, Mr Harry Gilbertson, Prof. Neil Jones (University of Wales), Mr Sebastian Kilburg (CARMEN.EV, Germany), Dr Richard Murphy (Imperial College), Dr David Parry (HRI), Prof. John Porter (Department of Agricultural Sciences, Denmark) and  Dr Monique Simmonds (Royal Botanic Gardens, Kew).

1.1.3. The following projects were formally presented and reviewed:

Policy analyses and reviews

NF0418
Bioenergy crops and carbon sequestration in soils – a review (Cranfield)

NF0417
Bioenergy crops and bioremediation – a review (ADAS)

NF0416
The effect of energy crops on hydrology (Cranfield)

NF0419
A review of the potential of giant grasses for UK agriculture (SAC)

Perennial grasses

NF0412
Field scale establishment of miscanthus from rhizomes (ADAS)

NF0411
Molecular investigation of diversity in wild source germplasm to support a miscanthus breeding programme (ADAS/Kew)

NF0405
Continued assessment of the agronomy and yield potential of miscanthus for industrial cropping in the UK (ADAS)

NF0415
Investigation of stem rooting in miscanthus – a determination of the optimal conditions for root induction (ADAS)

NF0413
A trial of the suitability of switchgrass and reed canary grass as biofuel crops under UK conditions (TOPGRASS) (ADAS/SCRI)

Short-rotation forestry

NF0409
Yield models for energy coppice of poplar and willow – phase IV (Forestry Commission)

NF0408
Poplars – a multiple use crop for surplus arable land (ADAS)

NF0410
Research support for developing short rotation coppice (SRC) poplar (Southampton)

NF0406
Integrated crop protection in SRC willow production (Rothamsted)

NF0414
Pest population behaviour in relation to the biological chemistry of willows: toward optimisation of non-chemical control (CSL/Long Ashton/Rothamsted)

NF0421
Integrated control of fungal diseases in willows and poplars for bioenergy (Rothamsted)

Additional information on the projects is provided within this review report.

1.2 APPRAISAL OF RESEARCH: QUALITY AND RELEVANCE

1.2.1 It was noted that the portfolio of research on bioenergy had concentrated upon the perennial grass and short-rotation forestry species which were believed to have the greatest potential for biomass production.  In addition to focusing upon a limited number of crop species the projects presented at the review were concentrated upon research into increasing the crop yield.  It was acknowledged that improving the yield of bioenergy crops is essential to enable commercial production. It was suggested that other traits determining quality such as combustion characteristics should also be considered in future research work to ensure that the crops meet all of the requirements of the energy industry. 

1.2.2 The research was predominantly judged to be of a high standard.

1.2.3 The assessors agreed that the policy analyses and reviews were useful sources of information and represented good value for money.  

1.2.4 The suppport of industrial innovation was highlighted as being of particular importance to support commercial production of this emerging crop category.  It was believed that a number of projects would benefit from a publicity strategy to enhance the communication of information to farmers and members of the energy industry.  For example, it was suggested that projects involving field trials should serve as demonstration sites showing the potential for bioenergy propagation through the organisation of a number of open days.  The collation of feedback from visitors to such events was believed to be imperative to gauge the attitudes of growers and industry to bioenergy crops, thereby enabling any issues preventing their uptake to be highlighted.

1.3 POLICY OBJECTIVES

1.3.1 The research was judged to be relevant to the policy objectives outlined in the 1998 Policy Rationale and Scientific Objectives statement (ROAME A) presented to the assessors of the review. (See Annex A).

1.3.2 The review team strongly endorsed the current Defra R&D strategy for this work. Informed by this review, the Policy Rationale and Scientific Objectives document has been revised.  (See Annex B).

1.3.3 The programme continues to support work that will enable the yields of bioenergy crops to double and will raise the quality of crop management.  Comprehensive research projects underpinning the public sector breeding of these crops will consolidate existing information and draw together a wide range of expertise in the field to address common targets.  The environmental objective to develop bioenergy production systems with minimal pesticide, fertiliser and energy inputs remains clearly relevant.

1.4 FUTURE RESEARCH REQUIREMENTS

1.4.1 Defra concluded that there was a continuing need for a strategic R&D programme on bioenergy to support the attainment of government targets for renewable energy production.  Commercial viability is the key to development.  The programme will be aimed at improving the yields and quality of bioenergy crops to support the development of a competitive, sustainable, bioenergy sector.   Defra research will concentrate on primary production  complementing post-farm research funded by the DTI.

1.4.2 The underpinning scientific work supporting breeding will be consolidated by two projects concentrating on miscanthus and short rotation coppice crops.  These pieces of work will use genomic and molecular assisted marker techniques to target key traits determining yield and other desirable characteristics.  The miscanthus collection represents a considerable resource of miscanthus germplasm which can be exploited by future research work.

1.4.3 The findings from current research on non-chemical disease and pest resistance work will help to inform breeding research.  The development of varieties which are both high yielding and disease resistant have the potential to minimise the risks to commercial production, thereby encouraging uptake by growers.  

1.4.4 Bioenergy is a fledgling industry which will continue to be principally reliant upon publicly funded research to support crop development.  Research proposals from industry submitted through LINK will be fully supported when opportunities are presented. 

2. CURRENT R&D PROGRAMME ON BIOENERGY

2.1. The Bioenergy research programme was last reviewed in 1998.  Fifteen projects in the Defra R&D programme, accounting for a total of ca. £500,000 per annum, were presented at the review.  The Defra programme forms part of an approximately £3 million public research effort across the UK.  Summaries of current and completed research projects are outlined below.  These have been derived from the project summaries submitted by contractors as part of the documentation for the review.

2.2. POLICY ANALYSES AND REVIEWS

NF0418 Bioenergy crops and carbon sequestration in soils – a review

Project Dates: 01/02/01 – 10/04/01

Project Cost: £12,545

Lead Organisation: Institute of Water and Environment, Cranfield University

The aim of the project was to develop a model of carbon cycling within bioenergy plantations.  This was then utilised to evaluate the relative contributions to carbon mitigation by bioenergy crops from fossil fuel replacement and soil carbon sequestration by identifying the controls dictating the level of carbon sequestration in the soil.  A comparison of the relative efficiency of soil carbon sequestration of miscanthus and short-rotation coppice willow was made.

The key results from the project are:

· A model of carbon cycling was developed based on inferences obtained from an analogous system, namely woodland.  Soil carbon records taken from a natural regeneration woodland site near Rothamsted for over a century were used in conjunction with the principles of soil carbon sequestration to generate the model.  The parameters of the model were altered to account for the differences between regenerated woodland, short rotation coppiced willow and miscanthus systems including the harvesting interval of the bioenergy crops, the leaf area index as well as soil inputs from the canopy and roots of plantations.

· The sources of input to soil carbon were determined as being the decomposition of canopy litter and structural roots in addition to fine root turnover.  These are all influenced by the growth rate of the plantations.  The losses of soil carbon were identified as resulting from microbial respiration during the decomposition of organic material.

· The model predicted that both willow and miscanthus plantations have significant potential to sequester carbon in the soil at comparable or greater levels than naturally regenerating woodland.  In the case of SRC willow the removal of biomass from plantations was more than compensated by the faster growth rate of trees and higher planting densities of plantations than the woodland site.  The potential for soil carbon sequestration by miscanthus was believed to be even greater due to the higher carbon input from senesced leaves.  The model highlighted an inverse correlation between the yield of bioenergy crops and carbon sequestration.

· It was concluded that the simple model would require quantification of actual soil carbon sequestration rates by bioenergy crops to generate a revised version which could account for the dynamics of the systems within each season, as well as regional variations in yield, soil carbon inputs and outputs.

NF0417 Bioenergy crops and bioremediation – a review

Project Dates: 01/09/00 – 31/08/02

Project Cost: £20,025

Lead Organisation: ADAS Consulting Ltd

A comprehensive literature review and expert analysis of published research was carried out to evaluate the benefits and hazards of growing energy crops on low-value “brown-field” sites and of using these crop plantations for the disposal of agricultural, municipal or industrial wastes.  The objective of the project was to review the opportunities for bioremediation with energy crops considering:

1. Available land and waste application rates

2. Nutrient and metal uptake and leaching losses

3. Atmospheric emissions of CH4, N2O and CO2
4. Impacts on biodiversity

5. Potential for use of GMOs

6. Legal considerations

The following conclusions were reached:

· 50,000 to 300,000 hectares of contaminated land were identified in the UK, of which 39,000 ha were defined as being incapable of beneficial use without treatment.  It was estimated that the UK produces 428 million tonnes of waste per year of which 20% is agricultural, 12% industrial and 7% municipal.  EU and UK legislation regulates the amount of waste, sludge and manure that can be applied to bioenergy crops; a ban on the application of untreated sewage will come into force in January 2006.

· Bioenergy crops have low nutrient requirements and therefore organic wastes with low nutrient content, particularly with respect to nitrogen, should be applied prior to planting and in the establishment year of the crops to avoid leaching.  The potential exists for the build-up of nutrients and contaminants from organic waste such as nitrogen, phosphorus and heavy metals which would present a risk if the site was subsequently returned to conventional agriculture.  High yielding biomass crops offer good potential for the phytoremediation of sites contaminated with heavy metals with the efficiency of uptake dependent upon the species and the variety.  Metals removed from sites in bioenergy crops would primarily be concentrated in the ash after combustion, with the exception of mercury which would most probably be discharged into the atmosphere.

· The application of organic wastes to bioenergy crops would increase the flux of nitrogen and sulphur.  Ammonia losses were expected from manure and slurries as the means of reducing volatilisation, soil injection, was not possible in biomass crop production.  Organic waste application after harvest, when the soil is compacted, would lead to the increased loss of nitrous oxide, a greenhouse gas.  Regular applications of waste would enhance the organic matter content of the soil.

· No information detailing the impact on biodiversity of waste application to bioenergy crops could be found.  It was thought that the organic matter could serve as an extra food source, but there was also the possibility that waste materials with a slow decomposition rate would have a ‘mulching’ effect which would suppress ground flora.  The accumulation of heavy metals, toxins or pathogens would present a potential risk to animal species.

· The potential for the use of genetic modification to enhance the effectiveness of bioremediation by bioenergy crops by improving their uptake and tolerance of pollutants was considered to be high. The genetic transformation of poplar has received significant research effort but little was known of the potential for willow and miscanthus.  It was concluded that this route offered the possibility to dramatically increase phytoremediation capabilities but the environmental consequences of such action would have to be carefully evaluated.

NF0416 The effect of energy crops on hydrology

Project Dates: 01/09/00 – 31/03/01

Project Cost: £8,553

Lead Organisation: Institute of Water and Environment, Cranfield University

The objectives of this project were to conduct a literature review to assess the likely effects of energy crops on hydrology, and to compare the simulated hydrological effects of energy crops, winter wheat and permanent grass at four sites in England (Silsoe, Cirencester, Selby and Diss) using WaSim, an existing one-dimensional water balance model.

The findings of the project are:

· Growing bioenergy crops in place of winter wheat or grass reduced the simulated hydrologically effective rainfall at all sites.  This was attributed to the large canopy area duration of bioenergy crops, high interception losses, potentially large evapotranspiration losses and the ability to dry the soil out to depths of 2–3 m.  The level of reduction was less for miscanthus (100 to 120 mm annum-1 at Silsoe and Cirencester respectively) than for short-rotation coppice willow (140 to 180 mm annum-1), due to the shorter canopy duration and shallower rooting of miscanthus. 

· If the production of bioenergy crops occurred on a national scale, cultivation of 100,000 ha could result in a decrease of hydrologically effective rainfall equivalent to 1% of the freshwater abstracted for agriculture annually.  The yield of biomass crops would be below potential in East Anglia due to water limitations.  The planting of bioenergy crops upstream of sensitive habitats such as wetlands could present a significant environmental risk.

· A ‘clothesline’ effect was predicted to occur when small linear blocks of bioenergy crops, in particular short-rotation coppice, are planted.  Such a formation can result in transpiration levels that are more than twice the rate of reference values for evapotranspiration due to the effects of relatively warm dry air from surrounding areas, particularly in late summer when arable crops have been harvested.

· The growth of bioenergy crops on areas at risk from flooding would be beneficial as the plantations would increase the capacity of the soil to absorb rainfall.

NF0419 A review of the potential of giant grasses for UK agriculture

Project Dates: 01/12/00 – 31/03/01

Project Cost: £10,000

Lead Organisation: Scottish Agricultural College

The research used short-rotation coppice, miscanthus and wheat as benchmark bioenergy crop species for comparison with novel biomass grasses to evaluate their potential for cultivation under UK conditions and analyse their economic prospects based on production in moderate farm scale conditions using standard discounting techniques to generate an equivalent annual value (EAV) for each crop.

The outcomes of the project are:

· The agronomic assessment identified reed canary grass and switchgrass as the most suitable alternatives to current biomass crops.  Other species, including bamboo and giant reed, were also believed to be suitable alternatives, but insufficient information existed to fully assess their performance in the UK.  Species such as pampas grass, big bluestem and prairie sandreed required research to identify their suitability for energy production and enable their potential as a biomass crop to be fully evaluated.  However, no indication was found that differences existed in the calorific value on combustion between giant grasses.

· The economic analysis was conducted under conditions simulating receipt of establishment grants and set-aside payments, as well as without any financial assistance.  Reed canary grass and switchgrass, two seeded grasses, gave the most rapid return on investment.  Reed canary grass attained a breakeven point after one year when grants and set-aside payments were taken into account, and three years when they were omitted from the calculations.  It was predicted that short-rotation coppice would never deliver a financial return to the grower in the absence of grant aid.

· When the establishment costs of production are omitted from the economic analysis, those species cultivated from rhizomes, miscanthus and spartina, in addition to short-rotation coppice, which has a high establishment cost, perform competitively with the seeded grasses.  Calculations show that they have a higher equivalent annual return than switchgrass, and all but miscanthus have a better EAV than reed canary grass.

· It was concluded that without financial support short-rotation coppice willow and miscanthus were not economically viable at current biomass yields and production costings.  It was believed that the reduction of establishment costs would significantly improve the economic outcome for bioenergy producers.  However, support for giant grasses in the form of subsidies and grants would probably be required to encourage significant uptake by growers.  Improvement of yield, particularly of lesser researched species of giant grasses, and efforts to reduce the moisture content at harvest were vital to ensure the future of a biomass energy industry.

2.3 PERENNIAL GRASSES

NF0412 Field scale establishment of miscanthus from rhizomes

Project Dates: 01/04/00 – 31/07/01

Project Cost: £81,650

Lead Organisation: ADAS Consulting Ltd

The aim of the project was to identify the key parameters influencing the success of establishment of miscanthus from rhizomes at a field level.  The establishment phase of miscanthus production consists of a number of stages including lifting, splitting, grading, storage and replanting of rhizomes.  The project investigated two of these steps: the conditions for rhizome storage and techniques for replanting.

The results obtained by the research are as follows:

· The performance of three planting systems with different mechanisms for delivering rhizomes to the ground were compared using two sources of rhizomes.  Machinery which adopted a system of precision planting (using an unmodified potato planter and a planter developed by Hvidsted Energy Forest in Denmark) produced significantly better establishment of miscanthus, as measured in terms of planting depth, plant spacing, plant emergence and yield of rhizome after a season’s growth, than a broadcast system of planting (with a farmyard manure spreader).  The potato planter system, which required graded rhizomes, resulted in the most efficient use of rhizomes although the targeted planting rate of 20,000 plants per hectare was exceeded by all methods.  The slow work rate of the potato planter (approximately 2.7 km hr-1 as opposed to approximately 7.6 km hr-1 for the other systems) and high operator costs meant that the lower rhizome cost per hectare was offset by higher establishment costs overall for this system.

· Rhizomes of the same species originating from two distinct sources, the UK and Denmark, were planted to investigate the effect of provenance on regrowth. Significantly lower rates of emergence for the rhizomes from Denmark were observed which was attributed to differences in the duration and conditions of storage.

· Variations in the lifting date of rhizomes (from mid December until mid March) had a measurable effect on the nutrient composition of the rhizome but no corresponding effect on plant regrowth was identified.

· The experiments studying the effect of storage conditions (temperature, moisture and soil presence) on rhizome re-emergence indicated that the most important factor was the temperature of storage with rhizomes stored at 3OC showing the greatest emergence potential even when not re-wetted.  The least viable treatments were those of storage under ambient conditions with infrequent (every three days) or no re-wetting.  Such treatments resulted in no emergence after two weeks when soil had been removed and some viability for up to four weeks where soil remained.
NF0411 Molecular investigation of diversity in wild source germplasm to support a miscanthus breeding programme

Project Dates: 01/07/00 – 31/08/02

Project Cost: £126,853

Lead Organisation: Royal Botanic Gardens

The principle objectives of this project were:

1. Maintenance and expansion of the miscanthus gene bank to include wild source germplasm.

2. Analysis of genetic diversity and affinities of species using molecular techniques.

3. An investigation and assessment of field performance characteristics.

The key results of the work are:

· The collection activity of the project focussed on the mostly northerly sections of the areas in which miscanthus grows to ensure that plants would be able to thrive under UK conditions. The material, which was collected as seed, was germinated and established at the genebank location of the ADAS Arthur Rickwood Centre.  The genebank, formed from wild source material collected in South East Asia between 1997 and 2001, during this and other projects, consists of 203 accessions from wild sources belonging to 4 species.

· The focus of the molecular work was on two species, M.sinensis and M.sacchariflorus, the parents of M.giganteus, although small samples of the other species, M.floridulus and M.lutarioriparius, were included for comparison.  AFLP (Amplified Fragment Length Polymorphism) and nuclear microsatellite fingerprinting techniques were used to study the genetic variability within and between species.  These experiments showed that M.sinensis and M.sacchariflorus are distinct but they share many alleles.  Within each species similarities tend to cluster according to geographical provenance.  Principle Co-ordinates Analysis of the data generated by AFLP showed that M.sinensis and M.sacchariflorus were separated into two groups but were linked by a number of intermediates.  M.giganteus, a known hybrid, occurred equidistant from the two groups, which led the researchers to conclude that the other intermediates may be naturally occurring hybrids.

· A phenotype study of the genebank was conducted to examine the range of diversity in wild populations of miscanthus using two years of field data from material of predominantly Japanese and South Korean origin.  The parameters of plant height, stem number, base diameter, flowering, leaf area/number and canopy closure were measured to assess the impact of each parameter on biomass yield and yield components.  The material within the genebank displayed broad phenotypic variation with greater variety displayed by M.senensis than M.sacchariflorus, although a smaller number of accessions were assessed in the latter species.  A number of superior traits were identified but no particular plant or parameter was identified as being exclusively high yielding.

NF0405 Continued assessment of the agronomy and yield potential of miscanthus for industrial cropping in the UK

Project Dates: 01/04/99 – 30/06/03

Project Cost: £464,579

Lead Organisation: ADAS Consulting Ltd

The aim of the project was to monitor the agronomic performance of miscanthus at 7 ADAS sites which had been established in 1992 (Rosemaund, Arthur Rickwood, Buckfast Abbey) and 1994 (Boxworth, Bridgets, Gleadthorpe, High Mowthorpe) in the period 1999 to 2003. Miscanthus had been planted at two densities, 10,000 and 40,000 plants per hectare, on each site.  Measurements were taken of crop morphology, emergence date, yield and crop nutrient off-take at all of the sites.  Additional measurements of light interception and crop canopy development were taken at the Arthur Rickwood, Boxworth and High Mowthorpe sites to construct a yield model for miscanthus which was subsequently used to develop maps estimating the yield potential across England and Wales.

The results obtained by the project showed that:

· Following a yield building phase of approximately five years, yield stability was reached at all sites.  Low plant densities took longer to achieve their full yield potential indicating that planting at higher density confers an advantage in the first few years.  The sites planted in 1992 obtained an average yield plateau of 20 oven dry tonnes (odt) per hectare per year.  The sites planted in 1994 separated into sites with slightly lower yield potential of 18 odt ha-1 yr-1 (Bridgets, Boxworth) and those with much lower yield averages of 12 odt ha-1 yr-1 (Gleadthorpe and High Mowthorpe).  The particularly low yields were attributed to a lack of available soil moisture at Gleadthorpe and altitude or exposure at High Mowthorpe.  In the period of the project all miscanthus plantations had reached a yield plateau phase and displayed relatively stable yields.

· The model showed that miscanthus is widely suited for cultivation in England and Wales.  Refinements were made to account for reductions to yield under conditions of water limitation, which were expected to occur in areas with sandy soils and the chalk areas of southern central England.

· The yield model was used in conjunction with the UK Climate Impact Programme (UKCIP) to estimate the productivity of miscanthus under predicted altered environmental conditions of drier summers with rainfall less evenly distributed throughout the year.  Using these scenarios the model predicted good yields for miscanthus in areas of England and Wales which have deep moisture retentive soils.  It was expected that areas with shallow, light soils would not achieve potential yields due to water limitation.

NF0415 Investigation of stem rooting in miscanthus – a determination of the optimal conditions for root induction

Project Dates: 01/08/00 – 31/08/02

Project Cost: £48,361

Lead Organisation: ADAS Consulting Ltd

This project investigated the potential of stem rooting as a means for the commercial propagation of miscanthus.  The objectives of the research were to determine if it is possible to induce adventitious stem rooting (ratooning) in miscanthus, the optimal environmental conditions under which it is stimulated, the most favourable type of stem for cuttings and the potential for the use of exogenous hormones to enhance stem rooting.  The project sought to investigate the acclimation period necessary for controlled-environment cultured plants through field tests of transplants.

The key results of the work are:

· Stem rooting is possible in miscanthus.  Factorial experiments investigating the effect of temperature, growth medium and humidity established the optimum conditions for stem rooting as a temperature of 30oC with compost growing media and high humidity.  These conditions induced the greatest number of both root and shoot development in propagules.

· The position of the node has an effect upon development, particularly of the root, with a marked decrease in development occurring after the second node.  The application of auxins facilitated the production of roots and shoots up to node 4, and shoots only up to node 6.  Ratoons with both roots and shoots displayed the greatest potential for propagule survival.  Plant growth hormones were also seen to affect the quantity and speed of root production.

· Field trials of propagules showed that they did not survive direct planting during both spring and summer (with irrigation) conditions.  This indicated that a period of acclimatisation requiring stages of weaning, involving heat, was necessary before field planting to enhance the chances of survival.

NF0413 A trial of the suitability of switchgrass and reed canary grass as biofuel crops under UK conditions (TOPGRASS)

Project Dates: 01/08/00 – 28/02/05

Project Cost: £176,502

Lead Organisation: Rothamsted Research

The project, which is jointly funded by Defra and the DTI, has established field trials for the three perennial grasses, switchgrass, reed canary grass and miscanthus, at ten sites across the country through collaboration with ADAS Consulting, Duchy College and SCRI.

The objectives of the work are:

1. To identify, by measuring yield, varieties of switchgrass and reed canary grass for biomass production in areas of the UK where they could be expected to grow and produce commercially viable yield.  The performance of the two species will be compared to miscanthus.

2. To identify the best varieties for scaled-up planting and the location for this work.

3. Document the costs of establishment and biomass production, and the work required to maintain the crops.

4. Crops will be regularly monitored for the incidence of pests, disease and weeds.

The results to date are:

· Switchgrass and reed canary grass were established from seed at a rate of 500 per m2, miscanthus was established from rhizomes at a density of 2 plants per m2.  All three crops displayed variable degrees of establishment in the first year with some crop failures.  Switchgrass establishment proved more problematic than reed canary grass when counts were made in July 2001 although seedlings emerged later in the year and in spring/summer 2002 for both grasses.  Miscanthus showed the greatest degree of variation of establishment; rhizome fragments were planted in spring 2002 to fill the gaps caused by poor establishment in the previous year.

· Yield estimates made from samples in the first year were low, with the crops producing approximately one tonne per hectare at most sites.  It was assumed that the low yields in the first year would not justify harvesting.  The receipt of Arable Area Payments covered the costs of establishment for reed canary grass and switchgrass, with a small contribution remaining for the farm’s fixed costs.  The high cost of miscanthus establishment, in excess of £2000 per hectare, was not covered by a combination of AAPs and the planting grant payable via the Energy Crops Scheme.

· The grasses were first harvested between December and February at the end of the second year.  The moisture content of the harvested material was established and used to convert the yield of the crop to a dry matter weight.  In general the yield of reed canary grass was greater than switchgrass, which in turn was greater than miscanthus. The yields of approximately 4 to 7 tonnes of dry matter per hectare for reed canary grass were sufficient to recover establishment costs in the second year when assuming a value of £25 per tonne of dry matter.  Data from other studies suggests that switchgrass and miscanthus will become competitive in later years as their yield increases up to the fifth year after planting when a stable high yield state is reached.

· The results of the variety tests were not presented to the review.

2.4 SHORT-ROTATION FORESTRY

NF0409 Yield models for energy coppice of poplar and willow – phase IV

Project Dates: 01/06/99 – 31/05/05

Project Cost: £397,976

Lead Organisation: Forestry Commission Research Agency

The overall objective of Phase IV of this long-running project (1996-2005) is to develop models which relate the yield obtained from energy coppice of poplar and willow to site factors and clonal characteristics.  The project is co-funded by Defra, DTI, Forestry Commission and DARD-NI

To date the project has achieved the following:

· Plantations of 16 poplar and 16 willow clones were established at 51 sites across England, Wales, Scotland and Northern Ireland to simulate commercial plantings of short rotation coppice with no artificial irrigation, nutrition, fungicide or insecticide inputs.  Growth performance and biomass accumulation have been monitored in the clones over two 3-year rotation cycles using destructive and non-destructive techniques.  Environmental data detailing the conditions of the sites will be used to determine the relationship of site characteristics to growth and yield.

· The data collected from the sites will be used to develop empirical models which summarise the growth and yield variability at a clonal level across the UK.  A process-based model will subsequently be developed to account for the variation of growth response observed between clones.  The predictive performance of the model will be evaluated using the empirical modelling system.

· A preliminary yield model has been produced which can be used to predict annual biomass yields as an UK average or specifically for the eight regions.
NF0408 Poplars – a multiple use crop for surplus arable land

Project Dates: 01/04/99 – 31/03/02

Project Cost: £70,595

Lead Organisation: ADAS Consulting Ltd

The aims of this pan-European project were to determine the viability for growing poplars on surplus farmland by examining the availability of suitable land, the markets for poplar wood, the economics of different production systems, potential environmental impacts, and the perceptions of farmers and environmentalists.

The key results of the work include:

· Poplar is viable on all farm types given suitable conditions for high yields.  The minimum farm size for production of poplar is in the region of 40 hectares, areas planted should be proportional to the farm size.  The bioeconomic model used in the agricultural and economical analysis proposed an alternative planting and felling regime, with small poplar stands planted in successive years and harvested after 25 years, to minimise financial risks to the producer.  This strategy is only possible if grant aid is awarded during the first ten years of establishment.

· Main planting areas for poplar in Great Britain were identified as the English Midlands, spanning from Gloucestershire and Herefordshire in the west to Lincolnshire in the east.  A much wider region, encompassing Southeast England was also considered to have suitable soils but analysis indicated that large-scale poplar production would have a significant, detrimental impact on water resources.  Geographical analysis across Europe showed that suitable soils for poplar growth coincided approximately with the main areas of intensive agriculture from northern France to north-east Germany, southern Sweden and areas in Ireland.

· A soil survey to determine the effects of poplar removal on nitrogen losses showed that fertiliser application and weed treatments applied to the plantation between 1990 and 1994 continued to have a measurable effect on soil composition when the trees were removed in 2001, with higher levels of N, P, K and Cu detected.  Nitrate losses by leaching were low compared to values for arable land, calculated losses were higher where trees had been removed but abnormally low drainage values meant that firm conclusions could not be drawn.

· Ground flora comparisons between poplar plantations and nearby agricultural fields showed that neither habitat was floristically diverse, but the poplar plantation was more species rich.  The ground invertebrate fauna of young plantations was lower than that of agricultural fields.  

· A survey to assess the attitudes of farmers and environmentalists to poplar farming showed significant differences in opinion among the European countries.  In general, farmers in the UK and Ireland exhibited greater acceptance of the potential of poplars than in other countries.  The majority of those questioned showed low levels of knowledge and a negative perception towards poplar production.

NF0410 Research support for developing short rotation coppice (SRC) poplar

Project Dates: 01/04/00 – 30/09/05

Project Cost: £416,179

Lead Organisation: University of Southampton

The principle objective of this work is to support the UK biomass industry by providing a supply of high yielding, genetically improved poplar material suitable for cultivation as short rotation coppice.  The aim of the project is to provide the underpinning science for future developments in molecular breeding and improvement.  

The project has achieved the following thus far:

· Five populations of poplar have been established.  Three populations will be used for assessing suitable breeding material and two populations, family 331 and the Belgium family, are to be used as mapping families.

· Family 331 has been used to look for relationships between traits to study which measurements indicate high yield under SRC production.  The phenotypes of the F2 generation were compared with their genotypes to identify QTL markers for the traits of interest with the intention to use these markers to accelerate breeding.  To date 67 QTL have been mapped for 33 traits.  Comparisons made with other studies have shown many QTL to co-locate across different environments.  DNA has been extracted from the 300 individuals in family 331 to map SSR and AFLP markers to improve the ability to map QTL more accurately.

· The project has identified the most heritable traits related to SRC yield in poplar and, using this information, has developed an ideotype for high yield.  Several QTL linked to yield have been identified.  An initial screening of new genotypes across Europe and the USA has identified 12 high yielding genotypes for further trial.

NF0406 Integrated crop protection in SRC willow production

Project Dates: 01/01/98 – 31/03/01

Project Cost: £448,453

Lead Organisation: Rothamsted Research

The main aim of the project was to provide the scientific foundation for an integrated, non-chemical strategy of disease and pest management, and associated best practice protocols for UK renewable energy willow production.  The research focused upon the two major causes of yield loss: rust and chrysomelid beetles.

The results obtained by the research are:

· The rust pathogen is variable and often gives rise to new pathotypes, however gene exchange is confined within a form species.  The use of mixtures of SRC willow clones in plantations can serve to suppress rust disease and the yields of mixed clone plantations were greater than the average yield of monoclonal plantings.  High yielding willow types performed better in mixtures while low yielding clones showed reduced yields in mixtures, this was attributed to competition effects.

· Studies investigating the ecology of the insect pests showed that the rate of larval development, weight gain and mortality differ according to the genotype of the willow host.  Blue willow beetle adults were found to be spatially aggregated on favourable clones.  

NF0414 Pest population behaviour in relation to the biological chemistry of willows: toward optimisation of non-chemical control

Project Dates: 01/06/00 – 31/03/03

Project Cost: £175,000

Lead Organisation: Rothamsted Research

Willows have highly variable secondary metabolism leading to significant differences in the levels of specific compounds which determine whether the variety attracts or repels pest herbivores from feeding.  The aim of the project was to investigate these interactions to develop pest control strategies that exploit natural variation in willow rather than pesticide use.

The specific objectives of the project were to:

1. Identify physiologically active components in willow leaf and bark

2. Assess variation among beetle populations

3. Compare preferences of rabbits and beetle

4. Further characterise host/pest interactions including annual/seasonal variation, heritability of beetle population differences and host tolerance

The findings of the research work are:

· Volatiles and phenolics are the metabolites in willow to which beetles and rabbits respond.  Significant differences were observed in the profile of these compounds between willow varieties during the growth stage which is associated with initial beetle colonisation.  When the physiologically active compounds methyl salicylate and (E,E)-α-farnesene were applied to an attractive variety of willow, S.dasyclados, in air entrainment experiments the attraction to beetles was eliminated suggesting the potential for augmentation as a protection strategy for susceptible varieties of willow.

· Microsatellite markers indicated high variability between beetle populations sampled from different plantations throughout the UK.  Experiments showed differences in the choice of preferred varieties between populations; this did not seem to be heritable and therefore was attributed to conditioning. The willow feeding preferences corresponded to the natural occurrence of willow breeds in the wild.  Non-preferred willow varieties remained unattractive to beetles regardless of where the pest was sampled from.

· Strong negative correlation between willow palatability to rabbits and the level of the phenolic glucosides was observed when the level of the metabolite was over 4/5 mg g-1.  The research indicated that parallels between pest species exist; three varieties of willow that were least preferred by rabbits were also disliked by beetles suggesting the possibility of developing an integrated approach to pest management in SRC willow.  Where differences in behaviour between pest species occurred it was suggested that the pests were either responding to different compounds, responding differently to compounds or feeding on different parts of the plant where significant variance of secondary metabolites, including phenolic glucosides, can occur.

NF0421 Integrated control of fungal diseases in willow and poplars in bioenergy

Project Dates: 01/04/01 – 31/03/05

Project Cost: £547,075

Lead Organisation: Rothamsted Research

This project aims to provide the science for the development of measures for non-chemical control of fungal disease in willow and poplar plantations in the UK by fulfilling the following objectives:

1. Determine pathogenicity of rusts on new and potential SRC willow and poplar

2. Determine sources and inheritance of rust resistance

3. Determine spread of the pathogen and the mycoparasite in plantations

4. Provide the science for disease management guidelines, selection and breeding for durable resistance.

The principle results obtained after the first 24 months are:

· Pathogen spore production is one of the most important parameters in disease epidemiology as the disease develops through multiplication and the spread of pathogen propagules.  A simplified model has been developed to characterise rust resistance/pathogen virulence based upon the measurement of rust pustules which could be used on other crop systems.  

· The five most prevalent pathotypes on biomass willow in the UK are genetically differentiated, several DNA markers are specific to certain pathotype populations.  This indicates that specific primers could be developed for pathotype identification.

· UK poplar rust populations possess the same virulence genes found in rust populations on continental Europe.  The devastation that has occurred to the UK poplar population since 1996 is caused by rust of similar race to E4, which was first found on the continent in 1994.

3.
SUMMARY OF THE APPRAISAL OF QUALITY OF RESEARCH IN THE CURRENT PROGRAMME
3.1
GENERAL POINTS

· The bioenergy research portfolio had focussed upon two potential biomass sources of energy, perennial grasses and short-rotation forestry.  In addition, a number of desk studies had been commissioned to evaluate the impact of bioenergy production on the rural environment and to review the biomass potential of other crops.
· The Defra bioenergy programme is relatively modest in size, receiving funding of ca. £500,000 per annum up to the financial year 2002/03.  Across the UK, public research on bioenergy is worth approximately £3 million a year.  Defra is the leader of primary production research which complements the post-farm research programme funded by the DTI.
· It was noted by the assessors that, in addition to focusing upon a few crop species, the projects presented to the review had almost exclusively concentrated on research supporting an increase in yield without the use of pesticides.  While it was agreed that yield is a crucial factor in determining the economical viability of a crop, other quality traits might also be considered to ensure that bioenergy crops meet the requirements of the energy industry.
· The reviews of the Defra Non-Food Crops research programme were open to the public. Despite this, the review meeting attendance comprised the relevant research teams, invited assessors and Defra representatives.
· The focus of the current Policy Rationale and Scientific Objectives statement (ROAME A) for the bioenergy programme, last reviewed in 1998, is upon effective surplus land use.  Following the review the Policy Rationale and Scientific Objectives will be revised, and it was believed that a distinct emphasis on bioenergy production should be encompassed in the amended version.  
3.2
POLICY ANALYSES AND REVIEWS

NF0418 Bioenergy crops and carbon sequestration in soils – a review

· The assessors agreed that this was a good and well considered review, particularly considering the resources and the availability of background information.

· It was stated that research into the carbon sequestration potential of bioenergy crops was extremely important.  The project had created a model of carbon cycling using existing data from a woodland system that was modified to account for the parameters of bioenergy systems.  The use of woodland as a baseline from which to judge bioenergy crops was questioned.  Some assessors considered that grassland would have been a more suitable analogous system, particularly for bioenergy grasses.

· It was noted that carbon sequestration data from the USA and Canada on similar bioenergy plants had not been utilised in the project, although it was believed that the incorporation of this extra information would not have significantly altered the conclusions generated by the model.  

· The model created by the study made a number of assumptions which, while suitable for a project of its size, are nonetheless controversial.  It was recommended that further work be conducted in this area to generate a more detailed, validated model.  The model should consider soil carbon levels beyond a depth of 20 cm to account for the deep rooting systems of bioenergy crops.  The soil carbon plateau content, assumed by this model to be 7%, requires verification. 

NF0417 Bioenergy crops and bioremediation – a review
· This was considered to be a good, comprehensive literature review that had collated important information at relatively low cost to Defra.

· The evaluation of the impact of regulatory and legal policy was highlighted as an especially good aspect of the project.  It was believed that, where relevant, Defra research reports would benefit from the inclusion of a section detailing the relevant legislation in their area of research.  

· The review had necessitated a certain degree of superficiality in the subjects that it had covered.  It was agreed that a number of areas would have benefited from a detailed evaluation of the issues involved, including quantification.  For example the project did not address the extent of the demand to dispose of organic waste on energy crops.  The review did not address the issue of balance between organic waste nutrient loadings and crop uptake; no discussion of the possible effects of waste application on crop quality had been made.  The assessors believed that a comparison of the potential for bioremediation of organic wastes using bioenergy crops with other waste disposal methods would have been beneficial.  

NF0416 The effect of energy crops on hydrology

· The assessors described this project as an excellent piece of research that had been well executed and had derived clear conclusions. The project represented exceptional value for money.

· Efforts should be made to disseminate the conclusions drawn from the model widely.  The model highlighted that the planting of bioenergy crops upstream of sensitive habitats such as wetlands could present a significant risk and therefore the results had considerable implications for land policy.  Speculation had also been made that the growth of bioenergy crops on areas at risk from flooding would be beneficial as plantations would increase the capacity of the soil to absorb rainfall.  

· Further development of the model could be undertaken to include a feedback mechanism to account for yield reductions due to water limitations.  This would help determine the feasibility of establishing plantations in areas such as East Anglia where the yields of biomass crops will be below potential due to a lack of available water.

NF0419 A review of the potential of giant grasses for UK agriculture
· A broad subject matter had been covered competently by this work.  It was considered a worthwhile exercise that will serve as a useful piece of reference material to aid decision-making, especially considering the contract size, the scope of the exercise undertaken and the lack of reliable background data.  The inclusion of interviews with relevant experts in the project was emphasised as a useful research tool.  

· The economic comparison of species for bioenergy production was judged to be particularly useful.  It was highlighted that the calculations for short rotation coppice were based on a four-year rotation rather than the recommended three year production span.  

· Suggestions were made that the review would have benefited from a discussion of the combustion characteristics and general quality of the giant grass species.  

3.3
PERENNIAL GRASSES

NF0412 Field scale establishment of miscanthus from rhizomes

· One of the factors limiting the uptake of miscanthus production is the high level and inconsistency of establishment of the crop.  This project had investigated two steps in the establishment phase of miscanthus production: the conditions for rhizome storage and techniques for replanting.  The work was competent practical research that had generated useful knowledge, particularly on rhizome storage, for the public domain.  

· The experimental treatments were a package of treatments based on practice which incorporated some uncontrolled variables that may have affected the rate of establishment.  For example pre-planting cultivation was not carried out on plots subsequently planted using the broadcasting technique, and rhizome grading was only applied to those rhizomes established using the potato planter.  The effect that these differences might have had on establishment and yields was not examined in the review report or the presentation.  Speculation was made that the work would have profited from the addition of expertise in agricultural engineering.  

· The dissemination of information to industry was good.  At the review it was reported that three companies have developed planting machinery addressing the need for a combination of the accuracy displayed by the potato planter and the speed of the broadcaster system following the recommendations resulting from the project. 

NF0411 Molecular investigation of diversity in wild source germplasm to support a miscanthus breeding programme

· The assessors agreed that a taxonomic approach had been adopted to establishing the germplasm collection which differed from the type of strategy that geneticists or plant breeders would employ to collect material for use in breeding. Uncertainty existed as to the suitability of the material in the genebank for the forthcoming miscanthus breeding programme.  

· It was decided that the work would have benefited if the seed collection had been carried out with the co-operation of research institutes in the collection areas.  

· Although the work was highlighted as being expensive, and despite the reservations detailed above, the assessors agreed that the miscanthus collection created during this, and other projects, was an invaluable resource for breeding efforts.  The aims of the project had been adequately achieved.  

· Attention was drawn to the relationship between the source wild switchgrass clones and their yield performance as crops in North America and Europe.  Late or low flowering species are the highest yielding.  From this, it was postulated that material from a location 400 miles south of the area of cultivation should be targeted for production to guarantee late flowering and therefore high yield.  It would be useful if the parameter of time to flowering in determining yield levels was subjected to investigation.

NF0405 Continued assessment of the agronomy and yield potential of miscanthus

· It was recognised that ten years of field data from seven individual sites had been collected by this project.  This represented an valuable source of information regarding miscanthus yields.  It was agreed that sound agronomy work had been achieved. 

· The mathematical modelling to determine the yield potential of miscanthus in England and Wales did not account for all important growth parameters.  This means that the predicted yields may not have the required level of accuracy.  

· A large financial commitment had been made to miscanthus through the support of this project.  It was agreed that the competent agronomic research work had obtained important yield data.  Further public support for such work could not be justified given the maturity of this research and the knowledge already in the public domain.

NF0415 Investigation of stem rooting in miscanthus – a determination of the optimal conditions for root induction

· It was acknowledged that the objectives of the project were soundly based.  It was unlikely that ratooning would be used as a commercial propagation technique for miscanthus.  The project had served as a worthwhile, low-cost investigation into a potential method to reduce miscanthus establishment costs.  

· Suggestions were made that the research could have involved bodies with expertise in plant propagation techniques.  

· The cost of crop establishment is a limiting factor for miscanthus production.  During the discussion sessions at the review, establishment by seed was mentioned on several occasions as a method that could be considered and investigated.  Propagation from tissue culture should also be considered for the mass propagation of elite material.  

· It was proposed that the identification of the optimum conditions for stem rooting in a controlled environment could lead to the practical application of the technique in breeding programmes.  

NF0413 A trial of the suitability of switchgrass and reed canary grass as biofuel crops under UK conditions (TOPGRASS)

(Co-funded with the DTI – DTI led)

· The value of examining the field performance of the three perennial biomass grasses believed to have the greatest potential for production in trials on the same sites under various UK conditions was stressed.  

· However, concern was expressed by the assessors that each of the ten trial sites was independently managed.  No information had been given in the material presented to the review about standard operating procedures or quality control measures to limit the variation in data which was not attributable to the site. The assessors also doubted whether the results obtained from the trials would be able to provide insight into the cause of variation in yield performance across sites. 

· Longer-term results may give new insight into the differences in yield stability, maintenance and quality between the three grasses.  The work had highlighted the high cost of establishing miscanthus from rhizomes.

· It was agreed that a robust demonstration strategy should be devised to ensure that the opportunity to use the trials for demonstration sites is fully exploited.  It was suggested that feedback from open days should be collected to produce a valuable source of information on the attitudes of growers and industry to bioenergy crops.

3.4
SHORT-ROTATION FORESTRY 

NF0409 Yield models for energy coppice of poplar and willow – phase IV 
(Co-funded with the DTI – DTI led)

· The assessors agreed that this was a very large project, both in scale and in finance, which had the potential to generate useful outputs, particularly with the development of predictive mechanistic models, for a short rotation coppice breeding programme.  Concern was expressed by some that the work had not been focused well on the delivery on some key objectives.  The assessors acknowledged that the programme had a long history and some of the site resources across the UK had been established early in the project for a wide range of reasons.

· A high degree of integration with European researchers active in the sector was emphasised as a particularly good aspect of the work.  

· The project was summarised as having the potential to make a valuable contribution to public-domain science provided the objectives to develop understanding of mechanisms was pursued; doubt was raised as to whether the work addressed the needs of industry.  The need to disseminate the practical applications of information obtained from the project to the industry was stressed.  

NF0408 Poplars – a multiple use crop for surplus arable land

· This was considered to be a broad piece of soundly executed research that was part of an EU FP6 funded partnership.  The work has provided scope for future comprehensive investigations.  

· It was observed that the primary focus of the project had been to assess various aspects determining the feasibility of single stem poplar production, the future of which is uncertain.  Issues such as the higher harvesting costs of single stem poplar versus short rotation coppice had not been addressed in the work.  

· A survey of farmer and public attitudes towards poplar production was taken which brought to a light a number of interesting perceptions that are commonly held, including the belief amongst farmers that poplars have lower wildlife and landscape value than grassland.  Ecology experiments partially corroborated this belief, showing that poplar plantations, while more species rich had a lower ground invertebrate fauna than nearby agricultural fields.  However, these results were suggested to be anomalous because the sampling method trapped the active proportion of the population that would result in abnormally high results for unfavourable environments.

· Further work to connect the results of projects NF0408 and NF0409 could be performed.  It was suggested that the data from NF0409 could be used to validate the conclusions reached in NF0408.  

NF0410 Research support for developing short rotation coppice (SRC) poplar

· The assessment panel judged this work to be excellent underpinning research using modern molecular techniques that will effectively support a poplar breeding programme.  Some concern was expressed that no evidence had been presented to justify the adoption of the QTL approach.  It was noted that no linkage to yield improvement had yet been made.  The project was focussed at a genetic level; overlooking crop physiology involving simpler scientific experiments.

· The strong project team was praised for the links that they had forged with international researchers in the field to form a global network.  The report that had been presented to the review was well written.  

· Active dissemination efforts to publicise the research were also noted.

NF0406 Integrated crop protection in SRC willow production

· It was acknowledged that this was very high quality research.  The research had delivered significant scientific insight into poplar and willow pests and rust supporting the development of non-chemical methods of control.  

· Networking efforts by the scientists involved in the research had been of real benefit.  The dissemination of the results was singled out as being particularly good and the outcomes of the work are already being successfully implemented by the industry.  

· However, there was concern that a high level of research funding had been invested in a crop which had not yet been put into commercial production. 

NF0414 Pest population behaviour in relation to the biological chemistry of willows: toward optimisation of non-chemical control

· This wide-ranging project, which is still in progress, was considered to be a highly interesting and significant study.  The multi-disciplinary approach risks reduced focus although each component had been competently executed.  It was hoped that the different aspects of the work would be brought together during the remainder of the project.

· Significant knowledge of pest attraction and repellence on a molecular level had been provided.  Further development of the outcomes of the work could be used to generate non-chemical means of pest control for the benefit of the bioenergy industry.  

· It was suggested that the substitution of pesticides by phenolics or volatiles, even at low doses, might be subject to negative public perception in terms of the environmental effects of the compounds.

NF0421 Integrated control of fungal diseases in willows and poplars for bioenergy
· As with project NF0406 this was deemed to be excellent scientific research by a strong team with a superb publication record.  

· Suggestions were made that the work would benefit from an interpretation of results in terms of the effect on poplar and willow yields and disease risk.  It was hoped that the eventual outcome of the work conducted in this project and in NF0406 would be practical biological methods to control fungal infections.

· To achieve this overall aim it will be necessary for the research to be effectively communicated to farmers.

4.
CONCLUSIONS AND RECOMMENDATIONS
4.1
GENERAL

· It was concluded that the current science objectives are relevant to industry needs; the programme is suitably positioned to complement the post-farm research funded by the DTI by providing essential knowledge on bioenergy crop improvement and production techniques.  The new Policy Rationale and Scientific Objectives statement (ROAME A) should emphasise the present requirement to fulfil the Government’s renewable energy targets.

· The programme is, of necessity, focused on a few select species; short rotation coppice willow and poplar, and the perennial grasses miscanthus, switchgrass and reed canary grass, which are believed to be the biomass crops with the greatest potential for bioenergy production under UK conditions.  

· The research has established a substantial knowledge base on the growth and management of bioenergy crops for UK producers.  Further work is still needed to develop the research results already obtained to bridge the gap between actual and potential yields of bioenergy crops.  

· The importance of increasing the yield of bioenergy crops to sufficient levels to enable economic viability was acknowledged.  However, the assessors agreed that a widening of the parameters of the research effort to address other factors such as combustion characteristics and moisture content could be considered to ensure that bioenergy crops meet all of the market’s requirements.  

· The effective dissemination of research findings to industry is of particular importance to encourage the uptake of bioenergy crop production.  It was suggested that demonstration initiatives should be included within the programme and the collation of feedback from open days at sites conducting field trials of bioenergy crops should be encouraged to determine the attitude of growers and the wider public towards biomass production.  It was believed that projects in the current research portfolio would benefit from a dissemination strategy. 

· The significance of Government policy on the uptake of bioenergy production was also recognised.  Research may be utilised to inform and justify future policy decisions.

4.2
POLICY ANALYSES AND REVIEWS

· The desk studies that were included in the bioenergy research portfolio have enabled data from a variety of sources to be collated and analysed at low cost to Defra.  The projects, which are all complete, have been well executed and have collected useful information for the public domain.  They represent very good value for money.  The assessors supported further exploitation of this research technique to consolidate existing knowledge.

· A number of the reviews had utilised data from international sources which helped to ensure that UK research efforts were not duplicating work which had already been conducted in other countries.  

· Carbon sequestration, which was the subject of project NF04018 ‘Bioenergy crops and carbon sequestration in soils – a review’, is an area which may warrant further work.  The output of the research was a model of carbon cycling based upon an analogous system, woodland, for which data existed.  A long-term study to determine the actual level of carbon sequestration occurring in bioenergy crop plantations would be a useful addition to the sector.

· Prompted by the value of Project NF0417, the inclusion of regulatory and legal work into future research, where relevant, was recommended.  

4.3
PERENNIAL GRASSES

· The suite of work funded on perennial grasses had provided a valuable source of agronomic data detailing the performance and husbandry of biomass grasses, particularly miscanthus, under various conditions prevalent in the UK.  The miscanthus collection represented a significant resource for future research efforts. 

· The proposed research supporting a miscanthus breeding programme was welcomed as it was believed that this was the most probable route to successfully address the issues obstructing the commercial production of miscanthus.  

· A number of assessors suggested that the potential for the establishment of miscanthus by seed should be investigated.  It was acknowledged that the non-flowering of miscanthus was beneficial as it enabled more vegetative growth, and correspondingly higher yields.  It was suggested that it might be possible for a clone to be developed which produces seed under specific conditions but does not come to flower under UK conditions.  Alternatively, a method of creating sterile triploids at the end of the breeding cycle could be devised.  

· Non-chemical disease and pest resistance work, which had concentrated on short rotation coppice willow and poplar thus far, could be expanded to encompass perennial grass crop species and address the need for weed control methods for a variety of bioenergy crops.

· Some research potential exists for the examination of the other giant grasses for bioenergy production in the UK.  It was suggested that an assessment of bamboo could be made utilising the work undertaken in EC funded research investigating the potential for energy and fibre production in Belgium and Spain.  

4.4
SHORT-ROTATION FORESTRY

· The assessors approved of the proposed research supporting a short rotation coppice breeding programme.  The research on willow and poplar that had been funded to date by Defra had provided underpinning genomic information to enable the use of marker assisted selection to occur which has the potential to make significant advances in improving the yield of these crops.  The leading role taken by Southampton University and Rothamsted Research in this area was noted.  The use of expertise and knowledge from traditional tree breeders was encouraged to assist in the identification of key traits for molecular breeding efforts to pursue.
· The integration of disease resistance, particularly to rusts, and pest control targets within the breeding programme should be encouraged.  The research has had significant impact, increasing the understanding of the factors determining attraction and susceptibility.  It is believed to be important that varieties developed by the breeding programme are both high yielding and disease resistant.
· Consideration could be made for the diversification of efforts on woody biomass crops to investigate the potential of species such as eucalyptus and alder for bioenergy production in the UK.
ANNEX A

PROGRAMME SUMMARY – 1998 POLICY RATIONALE AND SCIENTIFIC OBJECTIVES 

BIOENERGY (NF04)

Policy Rationale and Scientific Objectives

Policy problem

To find an alternative, profitable uses for land released from surplus production.

Policy objective

To provide the basic knowledge to aid the development of a competitive sector of the farming industry which can produce crops for energy and industrial used, without additional subsidy, whilst protecting the environment and reducing chemical and energy inputs.


Scientific and technical objectives

To identify those crops and their varieties which are most suitable for the economic production of biomass in the UK.

To determine the most economical systems for growing, harvesting, storing and processing biomass consistent with protection of the environment, whilst using no more chemicals or energy, than existing crops.

To evaluate potential environmental benefits to be gained by replacing fossil fuels with biofuels.

Alternative research means

No agricultural research means are excluded.  An economics component will be incorporated in the scientific research.

Alternative non-research means

The only non-research alternative would be to allow basic knowledge to accumulate on a trial and error basis.  However, in the present entirely new situation with the sudden availability of new resources of land, labour and machinery being released, as a result of set-aside, trial and error methods would take too long to yield the benefits necessary to maintain UK agriculture’s competitive position.

Purchase of research from other countries

Although research results from other countries will be used, the particular requirements of the UK in terms of climate, availability of land and other natural resources and environmental constraints necessitate a research programme tailored specifically to our needs.

Reason for funding

The research is necessary to inform Defra policy with regard to alternative crops, new markets.  Strategic research is needed to reach the point at which crops for energy or industrial use can be seen to have the potential to be profitable without Government support.

AGRICULTURE AND FOOD TECHNOLOGY DIVISION

January 1996

ANNEX B

PROGRAMME SUMMARY – 2003 POLICY RATIONALE AND SCIENTIFIC OBJECTIVES

BIOENERGY (NF04)

Policy Rationale and Scientific Objectives

Policy problem

The overall objective is to enable the sustainable development of non-food crops as feedstocks for energy. This activity supports Defra objectives to protect and improve the global environment; promote sustainable, diverse and modern farming; and promote the sustainable management and prudent use of natural resources. The Government is committed to generating 15.4% of power from renewable sources by 2015.  To achieve this and deliver large energy and greenhouse gas benefits, on-farm production must be efficient; based on high yielding crops delivering to the required quality standard.  In addition, this new industry requires continued public financial support set with regard to a strong evidence base.  Evidence is also required to ensure that policy measures minimise adverse impacts on the rural environment. 
Policy objective

To provide the knowledge required for the development of a new competitive sector of the farming industry that can produce crops for energy, whilst minimising adverse impacts on the  environment and reducing chemical and energy inputs.


Scientific and technical objectives

Efficient primary production is essential to the development of a viable energy crops sector. Research on increasing the efficiency of primary production will be a priority.  A doubling of commercial yields of biomass crops (from 8 to 16 t/ha) over the next ten years is required.  These higher yielding crops should ideally be protected using host resistance and biological techniques rather than conventional pesticides. 

Growers now have access to the output of modern industry-supported willow breeding, underpinned by BBSRC, DTI and Defra funded research.  Parallel to research investment in other crops, Defra funded research will underpin an expansion in the breeding of willow and poplar by drawing on a range of UK-based research teams.  These teams will work together in Networks to deliver new breeding material in the public domain up to the point where private sector exploitation is possible.  The Networks will draw upon recently developed genomic techniques to provide a broader genetic base in new planting material that combines the exploitation of elite genes to maximise yield potential with the use of a diverse range of resistances to fungal diseases and pests. The genetics of host/pathogen interactions will be studied to support the development of non-pesticide control strategies based on cultivar resistance.

Defra, with other government partners, will continue the support of the study of site factors affecting the yield of willow and poplar cultivars with emphasis on understanding the processes determining coppice willow and poplar clone growth as affected by soil, climate and other location factors. This understanding will provide a tool for both production planning and crop genetic improvement. 

To date, DTI has led on the funding of environmental impact studies of bioenergy production and supply chains. Defra will continue to work closely with the DTI and other sponsors to ensure good coverage of rural environmental issues.   Our understanding of the impact of the production of short rotation coppice willow and poplar and miscanthus on biodiversity will be reviewed and Defra will fund research to ensure we have a complete understanding of likely impacts of commercial planting.


The scientific objectives are summarised as follows:

· To deliver the breeding programme and plant materials that will allow further improvement of short rotation willow and poplar crops, focussing on the generation of high yielding, pest and disease–resistant elite breeding material that is optimal for UK environmental conditions. A targeted breeding programme underpinned with molecular marker and genomic research will be developed to achieve this goal. The research work will extend up to the point where commercial exploitation of new planting material is possible  (by 2012)   
· To provide a complete agronomy package for miscanthus (2006). 

· To establish a research based public sector breeding programme for miscanthus by 2006 on the existing knowledge and resources and deliver a miscanthus breeding programme for the UK (by 2006).
· To deliver modelling tools based on the understanding of the factors affecting willow and poplar yields to support site selection, production planning, and crop breeding  (by 2006).

· To provide practical crop protection strategies based on host resistance and biological control (by 2006).

· To determine and demonstrate the most economical systems for growing biomass crops consistent with the protection of the environment with minimal use of pesticides and fertilisers (by 2006). 

· In conjunction with DTI, to ensure that impacts on the rural environment are fully understood. 

Alternative research means

No agricultural research means are excluded.  An economics component will be incorporated in the scientific research.  The biomass sector is at the early stages of commercial development.  The sector has no levy body so the scope for private sector investment into the improvement of bioenergy crops is very limited.

Alternative non-research means

The development of high-yielding energy crop cultivars, which is essential to the long-term viability of the sector, requires a sustained programme that can draw upon a range of UK-based research expertise to contribute to the achievement of a doubling of yields through a target-led network.  The only non-research alternative would be to allow basic knowledge to accumulate on a trial and error basis.  However, such methods would not achieve the necessary increase in yields required to ensure the economic feasibility of the sector and to maintain UK agriculture’s competitive position.  They lack the strategic approach needed for development of this sector.
Purchase of research from other countries

Research results and resources from other countries will be used.  Accessing this and adapting it to the particular requirements of the UK in terms of climate, availability of land and other natural resources and environmental constraints necessitate a research programme tailored specifically to UK needs.

Rationale for Defra funding

Strategic research is needed to reach the point at which crops for energy can deliver against sustainable development, climate change and renewable energy targets at a price which is competitive in the market for renewable energy.  The research is also necessary to inform Defra policy with regard to the potential impact of bioenergy crops.
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August 2003

ANNEX C

SUMMARY OF PROJECTS REVIEWED

The following projects were formally presented and reviewed:

	
	97/98


	98/99
	99/00
	00/01
	01/02
	02/03
	03/04
	04/05
	05/06
	Contractor(s)
	Start date
	End date

	
	£k
	£k
	£k
	£k
	£k
	£k
	£k
	£k
	£k
	
	
	

	NF0418
	Bioenergy crops and carbon sequestration in soils – a review
	
	
	
	
	12.5
	
	
	
	
	Cranfield
	01/02/01
	10/04/01

	NF0417
	Bioenergy crops and bioremediation – a review
	
	
	
	19.0
	1.0
	
	
	
	
	ADAS
	01/09/00
	31/08/02

	NF0416
	The effect of energy crops on hydrology
	
	
	
	8.6
	
	
	
	
	
	Cranfield
	01/09/00
	31/03/01

	NF0419
	A review of the potential for giant grasses for UK agriculture
	
	
	
	10.0
	
	
	
	
	
	SAC
	01/12/00
	31/03/01

	NF0412
	Field scale establishment of miscanthus from rhizomes
	
	
	
	65.2
	16.4
	
	
	
	
	ADAS
	01/04/00
	31/07/01

	NF0411
	Molecular investigation of diversity in wild source germplasm to support a miscanthus breeding programme
	
	
	
	28.3
	62.4
	36.2
	
	
	
	Royal Botanic Gardens

ADAS
	01/07/00
	31/08/02

	NF0405
	Continued assessment of the agronomy and yield potential of miscanthus for industrial cropping in the UK
	
	
	111.6
	92.5
	113.7
	144.3
	2.5
	
	
	ADAS
	01/04/99
	30/06/03

	NF0415
	Investigation of stem rooting in miscanthus – a determination of the optimal conditions for root induction
	
	
	
	39.6
	8.8
	
	
	
	
	ADAS
	01/08/00
	31/08/02

	NF0413
	A trial of the suitability of switchgrass and reed canary grass as biofuel crops under UK conditions (TOPGRASS)
	
	
	
	
	39.7
	42.1
	43.1
	35.2
	16.4
	ADAS

SCRI
	01/08/00
	28/02/05

	
	97/98
	98/99
	99/00
	00/01
	01/02
	02/03
	03/04
	04/05
	05/06
	Contractor(s)
	Start date
	End date

	NF0409
	Yield models for energy coppice of poplar and willow – phase IV
	
	
	84.7
	100.2
	103.1
	94.6
	15.4
	
	
	Forestry Commission Research Agency
	01/06/99
	31/05/05

	NF0408
	Poplars – a multiple use crop for surplus arable land
	
	
	55.0
	15.6
	
	
	
	
	
	ADAS
	01/04/99
	31/03/02

	NF0410
	Research support for developing short rotation coppice (SRC) poplar
	
	
	
	106.7
	47.8
	88.1
	87.6
	86.0
	
	Southampton
	01/04/00
	30/09/05

	NF0406
	Integrated crop protection in SRC willow production
	32.1
	128.3
	143.3
	144.7
	
	
	
	
	
	Rothamsted
	01/01/98
	31/03/01

	NF0414
	Pest population behaviour in relation to biological chemistry of willows: toward optimisation of non-chemical control
	
	
	
	75.0
	56.3
	43.8
	
	
	
	CSL

Rothamsted

Long Ashton
	01/06/00
	31/03/03

	NF0421
	Integrated control of fungal diseases in willows and poplars for bioenergy
	
	
	
	
	119.9
	132.1
	146.2
	148.8
	
	Rothamsted
	01/04/01
	31/03/05


ANNEX D

SUMMARY OF ASSESSOR’S SCORES FOR DEFRA PROJECTS PRESENTED TO THE REVIEW

Marks out of 5, 1 being high

	
	Relevance to Defra’s, society’s and industry’s needs – will this project benefit these research ‘customers’?
	Scientific merit: soundness of scientific approach and methodology
	Contractor attributes and capabilities
	Rate of progress to date
	Conclusions soundly based?
	Probability of successful outcome of project
	Value for money to Defra
	Overall average score for project

	
	
	
	Personnel
	Facilities
	Publication/

dissemination of results
	In achieving scientific aims
	In achieving policy aims
	
	
	
	

	NF0418
	1.75
	2.13
	2.00
	1.83
	2.17
	2.13
	2.13
	2.25
	2.57
	1.69
	2.06

	NF0417
	1.69
	2.57
	2.33
	2.50
	3.19
	2.43
	2.43
	2.25
	2.31
	2.44
	2.41

	NF0416
	1.36
	1.56
	1.50
	1.67
	3.14
	1.86
	2.00
	1.81
	1.75
	1.38
	1.80

	NF0419
	1.36
	2.19
	2.33
	2.33
	3.56
	2.14
	2.29
	2.25
	2.43
	2.14
	2.30

	NF0412
	1.63
	2.00
	2.00
	1.67
	2.50
	1.86
	2.00
	1.63
	1.88
	2.06
	1.92

	NF0411
	2.31
	2.56
	2.50
	1.83
	3.06
	2.50
	2.69
	2.50
	3.29
	2.63
	2.59

	NF0405
	2.00
	2.57
	2.40
	2.33
	2.43
	2.43
	2.14
	2.71
	2.83
	3.07
	2.49

	NF0415
	2.88
	3.13
	2.33
	2.67
	3.43
	2.86
	2.86
	2.50
	3.57
	3.25
	2.95

	NF0413
	2.39
	2.94
	2.57
	2.43
	3.38
	2.56
	2.38
	2.44
	2.33
	3.00
	2.64

	NF0409
	1.89
	2.11
	2.13
	2.13
	2.67
	2.50
	2.50
	2.25
	2.75
	3.14
	2.41

	NF0408
	1.78
	2.25
	2.33
	2.33
	2.81
	2.29
	2.43
	2.13
	2.00
	2.06
	2.24

	NF0410
	2.00
	1.78
	1.57
	1.57
	1.88
	2.25
	2.57
	2.00
	2.43
	2.44
	2.05

	NF0406
	1.50
	1.43
	1.40
	1.20
	1.14
	1.67
	1.83
	1.29
	1.83
	1.79
	1.51

	NF0414
	1.43
	1.86
	1.60
	1.60
	1.67
	2.00
	2.00
	1.83
	2.00
	1.83
	1.78

	NF0421
	1.29
	1.50
	1.17
	1.33
	1.43
	1.71
	2.00
	1.57
	1.50
	1.86
	1.54


1
34

