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There needs to be a range of crops for economic production of “second generation” biofuels involving conversion of lignocellulose to ethanol or other products via fermentation or thermochemical processes. This is because of the diversity of environments where feedstock production is required and where biorefineries can be sited successfully. Also biorefineries and farmers may seek multiple crops to minimize the risks associated with feedstock production in any one location. 

Feedstock costs at the biorefinery gate account for some 50% of the cost of biofuels production. Thus optimization of the biomass yield and minimizing harvesting and transport costs are key objectives for research, product development and industrial implementation. Vigorous, state-of-the-art plant breeding programs to select optimum strains in multiple crops are essential to meet these objectives. Some of the most important breeding objectives include optimization of yield under environmental stresses and minimal inputs. It is also desirable to breed plants with specific chemical compositions that enable the most cost-effective biomass-to- biofuel conversion processes. 
 
Fortunately, progress in understanding the molecular genetics of these traits in relevant plant species and high throughput methods to speed up selection of desirable progeny in breeding programs using molecular markers can be deployed. Also, the deployment of transgenes to make particularly valuable improvements will help speed up the improvement progress.
 
 A perspective on plant biotechnology, promising “second generation” biomass crops and progress towards meeting the feedstock needs for “second generation” biofuels will be given. 
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The critical questions for a biomass bioenergy production system are: 

· What are the economics?

· Is energy from biomass net energy positive? 

· Is production system information available and verified?

· Is the system sustainable?

To address these questions, ten farmers in the mid-continental USA were contracted to grow switchgrass in full fields for a five year period and manage it as a biomass energy crop using available cultivars and management practices during the period 2000-2005.1
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Switchgrass field in NE South Dakota.  

Based on farmer input and production records, switchgrass biomass feedstock could have been produced in this region at a cost of about $50 Mg-1 at the farm gate, which translates to about $0.13 per liter of ethanol.  

Net energy yield on the established switchgrass fields was 60 GJ ha-1 y-1.  Switchgrass in these farmer trials produced 540% more renewable energy than nonrenewable energy consumed. Switchgrass monocultures managed for high yield had greater net energy yield and produced 93% more liquid fuel per unit area than previous estimates from man-made prairies that receive low agricultural inputs. 

These baseline studies represents the technology that was available for switchgrass in 2000 and 2001 when the fields were planted but clearly demonstrate that for switchgrass a full array of production system technology is available for its use for biomass energy.  Improved genetics and agronomics will further enhance energy sustainability and biofuel yield of switchgrass.

Carbon sequestration research is still in progress, but the initial results are very encouraging. 

1Cooperative Research of USDA-ARS and the University of Nebraska-Lincoln. K.Vogel, R. Mitchell, M. Schmer (USDA-ARS),  R. Perrin (Univ. of Nebraska).
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Bioenergy research is required, both to improve the efficiency of energy conversion and to reduce the delivered cost of the fuels used. The Government has programmes in place to support this, including the Supergen Bioenergy consortium, a new Energy Technologies Institute and Environmental Transformation fund. More details can be found in the UK’s biomass strategy at http://www.defra.gov.uk/environment/climatechange/uk/energy/renewablefuel/pdf/ukbiomassstrategy-0507.pdf 

The UK Government is particularly keen to see the development of advanced biofuel technologies which offer the prospect of very high greenhouse gas savings and more efficient use of land. The long term nature of the UK’s Renewable Transport Fuel Obligation (details below) is intended to stimulate investment in these technologies. 
There are currently two primary routes to ‘second generation’ biofuels production: (1) advanced fermentation techniques for the production of ethanol and (2) the thermochemical Biomass to Liquids (BTL) technique.  Of the two routes, it is considered that the BTL route will be realized more rapidly – this is because there are fewer technological challenges remaining and because the process produces very high quality and desirable products including synthetic diesel.

  
This year, the Government and industry sponsored National Non-Food Crop Centre commissioned Nexant Chem Systems to assess the feasibility of a Biomass To Liquids (BTL) facility in the UK.  Nexant developed a detailed financial model of a 200,000 tonnes/year BTL facility processing bio-oil produced by eleven bio-oil facilities processing straw, wood or miscanthus.  The conclusions from this study indicate that second generation BTL processes are starting to look financially attractive at the current oil price.  Despite this, the high capital costs are deterring take-up.  However, these commercial barriers may be overcome as sustainable biofuels gain in importance.  NNFCC now plan to take this concept forward into further research and will work to establish the development of second generation biofuels in the UK with the goal of seeing a second generation facility established in the UK in the short to medium term.

The feasibility report is available at http://www.nnfcc.co.uk/doqsearch.cfm 

Bioenergy research is also being conducted to improve the efficiency of energy conversion within agriculture. The UK’s Biological Sciences Research Council has received additional funding to help build up research on how bioenergy can help replace fossil fuels with renewable, low-carbon alternatives http://www.bbsrc.ac.uk/science/Welcome.html .
Sustainable biofuels development
The UK is working to ensure the development of an environmentally sustainable biofuels industry both in the UK and elsewhere. The Government has already stated that setting increased targets for biofuel use in the UK beyond the 2010 target of 5% is dependent upon the biofuels being sustainable.

In common with a number of other Member States of the European Union, the UK is keen to move as soon as possible to a system under which only those biofuels which are produced in a sustainable way and deliver high levels of carbon saving are rewarded under national support systems.  It is not possible to achieve this at present due to the lack of internationally agreed standards in this area.  However, the UK is currently consulting on a sustainability reporting framework and methodology to be used alongside the UK’s Renewable Transport Fuel Obligation.  This framework will enable companies to measure the full lifecycle greenhouse gas benefits of the fuels that they supply and assess the environmental impacts of their production on issues such as carbon stocks, water and soil. 

From April 2010 the Government aims to move on from reporting to directly reward biofuels under the RTFO according to the amount of carbon they save. This will be subject to compatibility with EU and WTO requirements and future consultation on the environmental and economic impacts. From April 2011 the Government aims to reward biofuels under the RTFO only if they meet appropriate sustainability standards. For this reason environmental reporting is being developed as an integral part of the RFTO.

The UK consultation on the draft sustainability guidance are available at http://www.dft.gov.uk/consultations/open/rtforeporting/ 

Commercialisation of biofuels

The RTFO requires that by 2010, 5% of all fuel sold on UK forecourts should come from biofuels. This is expected to save around 1 million tonnes of carbon a year.. Sales of biofuels, blended with conventional fuel, are on the increase at UK forecourts with one leading supplier converting all of its filling stations in the South-East and North-West to fuel blended with either 5% biodiesel or bioethanol, a blend that requires no engine modifications.  Another supplier has become the first UK retailer to offer E85 – a mix of 85% bioethanol and 15% petrol.  A number of manufacturers are making flex-fuel cars capable of running on varying blends of petrol and bioethanol available in the UK.
Latest sales figures for biodiesal and bioethanol

	2007 sales (million litres)
	Bio-diesal and bio-blended *
	Bio-ethanol

	January
	21
	9

	February
	25
	14

	March
	25
	9

	April
	31
	17

	May
	27
	10

	* Data shows only that proportion of the fuel liable at the biodiesel duty rate.  


Most UK bioethanol is currently imported, but several major production facilities are in the construction or planning stages. These are anticipated to use the UK wheat ‘surplus’ which is typically 2-3 million tonnes.  A number of major biodiesel facilities are already in operation, the biggest of which is a 250,000 tonne facility in the North East. Feedstocks are a mixture of palm, soya, rapeseed and used cooking oils and tallow. Further facilities are planned. 
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