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Abstract 

Recent claims about the potential of UK land to support significant biofuels production for transport are bold, if not surprising.  British renewable energy policy appears to be focussed on electricity production, at the expense of the heat and transport sectors.  However there are environmental and strategic reasons for reducing the carbon intensity of UK road transport.  This paper reviews past and recent studies of the feasibility of liquid biofuels production in Britain.  Many earlier studies may have underestimated this potential, and the policy context has shifted significantly, but it would still be difficult to meet current UK gasoline needs from arable and set-aside land.  In conclusion, a realistic short-term goal may be 2-3% of UK transport fuel needs from domestic resources by 2010.

1. INTRODUCTION

In a formal response last year (April 2003) to a Communiqué from the International Energy Agency (IEA), which focussed on the need to maintain supplies of conventional fuels, Dr. Hermann Scheer, General Chairman of the World Council for Renewable Energy, complained that the IEA underestimated the potential of fuel alternatives.  Whereas the IEA had dismissed the ‘limited potential for fuel substitution’, Dr. Scheer noted that ‘a British study shows that just 25% of the arable acreage of the UK could grow enough biomass for fuelling British cars’, adding that ‘the needed area will be substantially less if intelligent public transportation systems and more energy efficient engines are implemented’ [1].  These remarks prompted the author, a long-time advocate of bioenergy [2,3,4,5], to attempt this brief review and commentary.  

Dr. Scheer’s claim is certainly surprising, if only because conventional wisdom in the biomass field has been hitherto more cautious, generally centred on a more modest target such as meeting a few per cent of liquid fuels demand from biomass residues and energy crops.  Britain is a (relatively) densely populated place in world terms, and our agriculture, though productive, is expensive compared to many other countries.  UK per capita transport energy needs (about 42 GJ per annum, or one tonne of oil equivalent) are substantial in world terms, roughly in line with those of other large EU economies, though less than half those of the average North American citizen [6,7].

Britain now has short and medium-term targets, and even some longer-term “goals” for renewable energy – but too much of the focus has been on electricity production, at the expense of the equally-important heat and transport sectors.  Transport is growing rapidly, and already accounts for over a quarter of UK energy use, and a similar proportion of our national carbon emissions.  Road transport comprises about 85% of total transport demand [8].  The UK’s offshore oil assets, once unique within the EU, have been depleted rapidly – and so, like much of Europe, our transport is therefore mostly dependent upon imported petroleum products.  It follows that this lack of fuel supply diversity may pose a security-of-supply problem in the longer term, and so there are several good environmental and strategic reasons for reducing the carbon intensity of Britain’s road transport sector.  However, it is just as important to consider the routes (or “road-maps”, to use a currently popular term) by which this will be achieved, as it is to decide upon an optimal combination of alternative resources and technologies.

In fact, there is a diverse range of feasible routes to biomass transport fuels.  Ethanol and biodiesel are relatively well-known options, but other possibilities include biomass gasification, followed by Fischer-Tropsch synthesis of either gasoline or diesel substitutes, dimethyl ether (a gaseous diesel fuel, also from methanol), and lastly hydrogen from biomass gasification and reforming, for consumption in either an internal combustion engine or a fuel cell [9, 10].  Laying aside the more exotic conversion pathways, let us first consider the most technically-proven liquid biofuels.  Alongside renewable electricity, these fuels offer an alternative pathway to a low-carbon economy which can deliver carbon savings relatively quickly.

2. ETHANOL AND BIODIESEL TODAY

Ethanol fuel, distilled from fermented grain or sugar crops, has been blended with petrol (gasoline) since the 1930s.  Several large national programs (Brazil, USA, several African countries) have been operating since the late 1970s, and France and Spain have emerged as the leading European producers since the late 1990s.  Most recently, production in many countries has been going up and costs have been coming down - and there have been breakthroughs in technologies to make ethanol from a variety of biomass raw materials such as maize stalks or even energy crops such as fast-growing trees.  Worldwide annual production is currently around 30 billion litres – including around 14 billion litres in Brazil (where most cars run on a 22% blend), and 11 billion litres in the USA [10,11].  World fuel ethanol consumption is projected to grow rapidly with a range of countries now legislating for ethanol mandates and/or tax incentives, and may reach 61 billion litres by 2010 [11]. 

Likewise, vegetable oil fuels are nothing new – since the 1970s, many long-term engine trials have demonstrated the feasibility of diesel/vegetable oil blends, but the recent excitement in Europe and the USA has been over the large-scale deployment of biodiesel (vegetable oil methyl ester).  Current world production is about 3 billion litres per annum [10].

Both ethanol and biodiesel can be used in conventional engines with little modification.  Volumetric blends of up to 85% ethanol with gasoline are compatible with modern flexible-fuel vehicles, of which millions have been sold worldwide in the past decade.  Most diesel fuel sold in France over the past few years has contained up to 5% biodiesel: indeed, most 5% biodiesel blends available in Europe already comply with the EU standard for diesel fuel, EN 590.  But the history of liquid biofuels goes back a long way: Henry Ford expected his first Model T car to be powered by grain-derived ethanol in the rural USA, and Rudolf Diesel designed his prototype engine to run on peanut oil.  Such has been the power of the oil industry that it has completely taken over our perception of the internal combustion engine.

Consideration of biofuels is usually limited to road transport only, ignoring not only the more modest demands of railways and shipping, but also the fast-growing aviation sector.  However, bioethanol has been subjected to long-distance trials in piston-engined light aircraft, and several US aircraft engines have received Federal Aviation Administration certification to use ethanol [12].  Engineering studies have even been carried out on biodiesel/jet fuel blends for aviation [13].  

3. PAST ASSESSMENTS OF BRITAIN’S LIQUID BIOFUELS POTENTIAL  

At first sight, it is remarkable how little has been published on this subject.  The “classic” Energy Technology Support Unit (ETSU) studies for the UK Government concerned the position in the mid-to-late 1980s, and are a bit dated now.  In the mean time, the industries for both ethanol production and the processing of vegetable oils to biodiesel have attained some real large-scale operating experience - at least in other countries – but British government reports and official policy have not reflected this until just recently.  

In ETSU Report R-44 on bioethanol, Marrow et al. [14] concluded that production from surplus food crops was not economically viable, based upon late-1980s raw material prices.  However, this report also determined that 5% of UK petrol demand could be met by bioethanol from grain without disturbing existing agricultural markets.  In the mid-1980s, UK wheat and barley production was around 4 million tonnes (Mt) in surplus, sufficient to make 1.2 Mt of ethanol.  The total area planted to these crops was about 3.8 million hectares (Mha), yielding an average of roughly 5 t/ha, so around 800,000 ha could be said to be “surplus land”.  Sugar beet was suggested as an alternative feedstock, at higher cost, involving a doubling of the planted area from 200,000 ha to 400,000 ha.  Considering yet other feedstocks in Volume 2 of this report, Marrow and co-authors suggested that up to 1 Mt ethanol could be produced from modified conventional forestry or energy crops, 1.9 Mt from surplus straw and 0.4 Mt from wood waste – together, enough to meet a further 14% of national petrol demand.

In a later, and much shorter, report on biodiesel (ETSU R-71), Culshaw and Butler [15] suggested that 6% of the UK diesel market could be replaced with biodiesel from rapeseed, assuming oil yields of about one tonne per hectare on 630,000 ha of set-aside land.  Rapeseed yields were assumed to range from 2.2-3.2 t/ha, depending upon season (spring or summer).  However, they also concluded that set-aside land would be better used for low-input higher-yielding energy crops (i.e. woody crops for heat and electric power), assuming that the aim was to reduce overall CO2 emissions.  

The pessimistic official position on liquid biofuels was further compounded by ETSU Report R-92, which attempted a preliminary life-cycle analysis of alternative road transport fuels.  In this report, now regarded as somewhat flawed in its conclusions, Gover et al. [16] suggested that UK production of biodiesel was barely worthwhile due to its poor energy and carbon balance.  These authors used a rather high estimate of the energy cost of oilseed processing, which was later strongly disputed by other authorities on biodiesel.  There remain persistent doubts about the general validity of the results of life-cycle analysis for liquid biofuels, often due to uncertainties about data quality, despite recent attempts to standardise methodologies [17].

A more contemporary review of renewable transport fuel options for the UK Department of Trade and Industry [10] acknowledges that existing methods for commercial production of bioethanol and biodiesel are able to deliver limited short-term benefits.  In the medium term, fuel options like ethanol from lignocellulosic feedstocks and Fischer-Tropsch diesel from gasified biomass offer better carbon savings, and hydrogen is the best long-term bet, but unlikely to make much impact before 2020.  Altogether, Woods and Bauen [10] suggest that the total UK renewable resource base (i.e., biomass supplemented by other renewables) could contribute some 40-80% of future transport needs.  

4. RECENT OPTIMISM

Overall, then, the official British government approach towards renewable energy in transport has been cautious, perhaps excessively so.  But the balance of opinion can change.  It is now generally accepted in the bioenergy research community at least, that many earlier EU studies of the potential for liquid transport fuels from biomass (usually limited to <10% of total gasoline/diesel supply) were underestimates - see for example a recent Swedish study [18].

More significant in changing hearts and minds was a report released in early 2003 by the Energy Saving Trust, the Institute for European Environmental Policy, and the National Society for Clean Air [19].  This suggested not only that biomass could be the biggest (and most sensible) source of hydrogen as a transport fuel, but also that electricity-producing renewables should be used not for transport, but to displace fossil-fuel generation.  These conclusions are not entirely shared by others – for example, Azar et al. [20] have since suggested that biomass is more cost-effectively used in the heat and process heat sectors, and not in transport, where according to their worldwide model analysis, petroleum fuels remain dominant over the next 50 years before switching to hydrogen fuel cells.

However, the most remarkable point made by Eyre et al. [19] is as follows: “As an indication of the potential contribution, 25% of UK agricultural land planted with indigenous wood crops converted to methanol, ethanol or hydrogen could in the long term satisfy most or even all UK road transport fuel demand”.  

This is indeed a bold claim - but the authors add a cautionary note: “this outcome would be dependent on relative costs and a large number of technical factors.”  Their calculations are based upon the hypothetical utilisation of 4 million hectares (Mha) of land to provide some 800-1000 PJ of energy [19].  This is actually about 90% of all arable land, not two-thirds, as the authors state.  Road transport technology would have to shift to high-efficiency vehicles based on hybrid and fuel cell technology, and transport demand would have to be towards the low end of plausible growth projections.  The report also acknowledges that biodiesel and ethanol may play a modest role in the short to medium term (12% or more of current demand), although they are unlikely ever to satisfy a large proportion of transport fuel demands.

So perhaps Dr. Scheer and others have been a little hasty in quoting this study – in fact, it concerns an area of land about 4 times larger than they claim (25% of ALL UK agricultural land as opposed to a quarter of the arable area), and it already assumes many of the energy-efficiency improvements and management of transport demand that Scheer suggests would be additive.  Nevertheless, the growing acceptance of this figure as an upper bound on the technical potential of liquid biofuels can only help the credibility of biomass energy (I have since found it quoted again and again, from top civil servants at the UK Department for Transport to general information leaflets on biodiesel).

However, it seems that liquid biofuels will be only a niche market for the near future in the EU, albeit a significant niche market, contributing maybe 5-10% of total transport needs.  More substantial market penetration may be expected in certain specialised applications where additional environmental or other factors are important, such as city buses and public sector vehicle fleets, waterways, military vehicles or deep mining operations.  Similar conclusions were reached by Williamson and Badr [21], who estimated that rape methyl ester biodiesel could satisfy a maximum of 4% of UK diesel road transport demand, and recommended that biodiesel be used preferentially in urban areas and waterways where its environmental benefits would be maximised.

These findings are consistent with those of US-based studies.  Kheshgi et al. [22] suggested that the displacement of carbon emissions from US transport energy use is unlikely to exceed 10% of the total using domestic biofuels and current technology, while the life-cycle analysis by MacLean et al. [23] found that biodiesel and ethanol have limited prospects while using food-based feedstocks.  Both these studies agree with the latest update [24] in suggesting that further US market penetration (e.g., beyond 25-30 billion litres/year) is possible with improved technologies such as lignocellulosic fermentation to ethanol, electric drivetrains, etc.  

However, this is largely a hypothetical debate.  Perhaps the most important question is not "what is the ultimate size of the resource?" but rather "what paths might be taken to develop an indigenous liquid biofuels industry, and THEN how large might it grow?" (in competition with other land use, etc.)

Devoting 10% or even as much as 25% of UK agricultural land to liquid biofuels or other energy crops would have a significant impact on existing agricultural markets (in many cases a positive one!), but it is more important to consider how we get from near-zero to perhaps 5% of agricultural land - what could be done with that kind of land area?  The immediate concern should be how to kick-start markets in biomass-derived liquid fuels.  The devil is in the details of exactly which technological pathway displays marginal environmental advantages over the others, and it is a devil that we can all do without.  As implied by the latest report from the UK Low Carbon Vehicle Partnership [25], market stimulation is really required across a range of options, with further interventions only after practical experience has been attained in the various feedstock supply chains.

5. SOME NUMERICAL ESTIMATES

In order to comprehend better the validity, or otherwise, of Dr. Scheer’s claim [1], it is worthwhile performing a few back-of-the-envelope calculations.  Total transport use of petroleum products in Britain in 2001 was 49 million tonnes (Mt), of which aircraft consumed 10.5 Mt (99% as jet fuel), rail used 0.4 Mt (diesel) and road 37.5 Mt (21 Mt gasoline and 16.5 Mt diesel) [26].

Let a conservative estimate of “British cars' energy use” comprise just the gasoline part of road transport - i.e. 21 million tonnes at 43.5 GJ/t (gigajoules per tonne) = 913.5 PJ (petajoules).  Ethanol has an energy content of 21.1 MJ/litre, so the equivalent amount of ethanol fuel would be 43.3 billion litres.  This is not an utterly ridiculous number, but still one that would be hard to attain in Britain.  To put it into context, this is only about 1.7 times current world production, or 5 times the production of the US ethanol industry, a business built up by (albeit subsidised) farmers over the past 20 years, but still dwarfed by the US petroleum refining business.  

However, to produce 43 billion litres of ethanol every year in the UK from grain (based upon the same figures as Marrow et al. [14]) would require a colossal 114 million tonnes of wheat and barley, grown on about 23 million hectares of arable land – roughly the whole of the UK!  But nobody is suggesting that this volume of biofuels production would come from such a conventional source – instead, higher-yielding cellulosic energy crops would be used, such as switchgrass, miscanthus or willow.  Again, to produce this volume of ethanol from cellulosic biomass would require 104-137 million tonnes of feedstock per annum (based on estimated ethanol yields of 315-415 litres/tonne).  Given conservative annual yields of 12 tonnes/hectare, this would require between 9 and 12 million hectares.

Now this is still a substantial area of land - certainly not 25% of anything in Britain today.  Total UK arable land area is about 4.5 million hectares (set-aside land is about another 600,000 hectares) out of total agricultural area of 18.5 million and total national land area of 24 million hectares.  It looks like Britain would be hard-pressed to meet even a modest proportion of its road transport needs, but the future availability of land should also be considered.  Potential land surpluses have been estimated by the former UK Energy Technology Support Unit at between 1 and 5.5 million hectares, dependent upon many factors which are hard to predict, including a range of national and international agricultural and environmental policy measures such as further reform of the EU Common Agricultural Policy [10].  Both surplus land and possibly even additional reclaimed land could be used for growing energy crops.  But even with 50-100% increases in biomass yields, and maybe some further improvements in ethanol processing yields, we will find it difficult to meet current UK gasoline (petrol) needs from arable and set-aside land.

Doing the calculation again for 16.5 million tonnes of diesel, assuming a 1:1 replacement and enhanced vegetable oil yields of 1.5-2.0 tonnes oil per hectare, we still need 8-11 million hectares (an interesting coincidence, based upon slightly lower energy demand and reduced energy yields).  Some additional waste vegetable oils are already available at lower cost than virgin oils, but the UK resource is modest (estimates range from 100,000 to 280,000 tonnes per annum, or about 1-2% of total diesel demand).

These findings are consistent with those of Woods and Bauen [10], who concluded similarly that a substantial portion of UK arable land would be required to meet a notional 5% of road transport fuel supply – with most of the feedstock/conversion options requiring between about 10% and 45% of arable land area.  However, they suggested that the technical potential of renewable transport fuels could be as much as half of all road transport needs.

6. HOW TO GET THERE

Meanwhile, the policy context has already moved on.  The EU Biofuels Directive (proposed November 2001, adopted May 2003) requires that member states introduce targets for domestically produced liquid fuels by the end of 2004.  Indicative targets are 2% of liquid fuel supply (energy content basis) by December 2005, and 5.75% by the end of 2010.  It is unlikely that Britain will even approach the suggested 2005 target, certainly not with domestically-sourced feedstocks; present indications are that the UK will set a target of just 0.3% [27].  Williamson and Badr [21] previously suggested that to encourage the uptake of biofuels in transport, the UK Government needed to adopt the earlier EU recommendation to reduce excise duties on biofuels to 10% of the rate applied to lead-free petrol to stimulate markets in the short term.  Similarly, a 2003 report for the East of England Development Agency called for tax cuts on biofuels or government grants to kickstart the ethanol industry, which would require 12 regional processing plants to meet the 2010 target [28].  However, Britain’s current and proposed tax breaks for biodiesel (20p/litre) and bioethanol (20p/litre from January 2005) are considered insufficient to support the production of fuels from virgin feedstocks, despite the 2004 Budget commitment to a “framework” for supporting biofuels, including a three-year certainty on fuel duty rates.  Nevertheless, stakeholder groups have few doubts about the availability of land (P. Clery, pers. comm.).

If some detractors are to be believed, liquid biofuels for transport have a very limited future in Britain - perhaps for small niche markets where they can be grown and distributed locally (e.g. agricultural vehicles, inland waterways).  But though there may never be enough agricultural land available to meet more than a modest fraction of transport energy demand (at least using current technology), that is not sufficient reason to shun the entire biofuels sector.  The important issue today is to build up confidence and demonstrate viable supply chains for renewable energy resources.  Once we are approaching the EU Biofuels Directive target for 2010, we will have a better idea of what second or third generation technologies are available, and what further advantages they offer.  This is consistent with other renewable energy policy objectives for the UK.  One of the most important conclusions drawn by Eyre et al. [19] is that liquid biofuels should be used for low-carbon transport until such time as there is a surplus of renewable electricity.  They suggest that a too-rapid expansion of hydrogen as a transport fuel could divert renewable electricity away from displacing fossil-fired power generation, where it is more effective at reducing carbon emissions.

Britain need only look to France, where bioethanol and ETBE have been produced from sugar beet for decades, and from wheat and other starch feedstocks since the 1990s [29].  France is working towards a 5% renewable energy target for the transport sector, with a more vigorous level of market support (about 30p/litre).  Diesel and domestic heating fuel blended with up to 5% rape methyl ester was authorised for routine distribution without special publicity several years ago. 

In conclusion, I propose a more realistic interim target for liquid biofuels in Britain.  A modest portion, say 5%, of UK arable land (225,000 hectares - probably supplemented by a similar area of energy crops on set-aside land) could meet an attainable short-term goal – perhaps 2-3% of UK transport fuel needs.  Already up to 300,000 ha of UK wheat-growing land is devoted to exports – some of which is already destined for ethanol production in Spain (J. Woods, pers. comm.).  Our ultimate objective should be to build up capacity and credibility in a range of low-carbon technologies that are less damaging to our planet.  Those options that fail to deliver environmental benefits (or cost far too much) will be superceded by better alternatives, but only after we have tried them out.  To try to anticipate the outcomes and "pick winners" now is to engage in the kind of silly technical forecasting that our own government departments of energy and agriculture have done so badly in the past.
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