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Structure of the talk

• Introduction and background

• Key points relating to potential effects of biofuels 

on climate

• Current state of knowledge on these key points
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• Current state of knowledge on these key points

– Technical assessments

– Coverage by Media and Policymakers

• Conclusions



Introduction
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What are biofuels?

• Biofuels are, generally, materials of plant (and 
sometimes animal) origin used as a source of 
energy

• They are not  a new development !

– Wood, peat and whale oil are all traditional 
biofuels.

– However, the term currently gets applied mainly 
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– However, the term currently gets applied mainly 
to liquid fuels for transport:

– Bioethanol, as a substitute for petrol, 

and

– Biodiesel, as a substitute for fossil-fuel-derived 
diesel.
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Biofuels and global warming

• Concern about global warming in the EU and elsewhere has 

stimulated the search for alternatives to fossil fuels, to reduce 

greenhouse gas emissions (mainly carbon dioxide).

• Crop-based biofuels have an obvious appeal, at first sight, 

because the CO2 released when burned was derived from the 

atmosphere in the first place,

-- and so these fuels are said
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-- and so these fuels are said

to be “carbon-neutral”.

-- however, the reality is 

somewhat different.
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(Source: IPCC)



These fall into two categories, and both come from 
agricultural crops:

Bioethanol from sugar- or starch-containing crops, 
produced by same process as used for alcoholic drinks: 
fermentation and distillation.

So-called “first generation biofuels”
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fermentation and distillation.

– Used in mixture with petrol in car engines.

Vegetable oils from oilseed crops, converted in simple 
chemical process to methyl esters, and used as 
biodiesel in any diesel engine.

– Less commonly, the oil can be used directly.
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Biodiesel: not so new!

• In one sense, developing biodiesel is just putting the 

clock back by a century:

– Rudolph Diesel, inventor of the diesel engine, 

intended it to run on vegetable oil; 

– he demonstrated it at the World Exhibition in Paris 
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– he demonstrated it at the World Exhibition in Paris 

in 1900, fuelled by peanut oil.
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Major biofuel crops

• Rapeseed: main source of biodiesel in EU (illustrated);

• Maize: main biofuel in US – source of bioethanol for use in petrol;

• Sugar cane: source of bioethanol in Brazil. Industry well established 

for decades;

• Oil Palm: another major source of biodiesel. Grown mainly in SE 

Asia.
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What about so-called “2nd generation biofuels”?

• These can come from “biomass crops” with 

woody stems

– coppiced willows, or other tree species , e.g. 

poplar

– forest thinnings, e.g. from Sitka spruce 
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– forest thinnings, e.g. from Sitka spruce 

plantation forests

– wood waste (sawdust) from sawmills

• and from other cellulosic plant material, e.g.

– cereal straw, 

– Miscanthus (elephant grass), 

– switchgrass.
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Biomass crops and waste products

• These can be burned in power stations for electricity 

and/or heat, or 

• Converted to ethanol (or possibly butanol) to produce 

desirable liquid fuel 

– this requires processing to convert cellulose to 
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– this requires processing to convert cellulose to 

sugars, for fermentation to alcohols

–– but this may take 5but this may take 5--10 years to become large10 years to become large--

scale.scale.

• Also, can often be grown on marginal land, 

– avoiding competition with food crops, unlike the 

situation with corn- or oilseed-based fuels.
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Potential effects of biofuels on 

climate
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The question of how benign biofuels really are has been 

intensively discussed in recent months
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From The Times, 22 Sept 

2007
Rapeseed biofuel ‘produces 

more greenhouse gas than oil or 

petrol’

Lewis Smith, Environment 

Reporter 
A renewable energy source designed to 

reduce greenhouse gas emissions is 

contributing more to global warming 

than fossil fuels, a study suggests. 

Measurements of emissions from the 

burning of biofuels derived from 

rapeseed and maize have been found to 

produce more greenhouse gas 

emissions than they save. 
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Why is there this debate?
• It is now clear that there are substantial greenhouse gas 

emissions associated with production of, particularly, the “first-
generation” biofuels.

• CO2 emissions come from the fossil fuels used directly and 
indirectly in crop production, e.g.

– Natural gas in nitrogen fertiliser production.

– Transport of fertiliser, pesticides to the farm and the crop from 
farm to refinery.
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farm to refinery.

– Fuel for tractors, combine harvesters, dryers on the farm.

• Use of nitrogen fertiliser gives rise to emissions of nitrous oxide 
(N2O), that is about 300 times more effective as a greenhouse 
gas than CO2  (see later slides).

• Where new farmland is created from natural forest or grassland to 
produce the fuels, large amounts of CO2 are  released from 
destroyed vegetation and soil.



How much global warming do 

biofuels cause?
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Report by Royal Society (2008)

• Ethanol produced in Brazil reduces GHG emissions by 80%, 

compared with petrol;

• In contrast, “US maize-based ethanol struggles to deliver reductions 

in GHG emissions of 10%”.

• Within the UK, projected that reductions in GHG emissions can be 

anywhere between 10 and 80% for ethanol from wheat.

• “Current policy frameworks and subsidies for biofuels are not 
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• “Current policy frameworks and subsidies for biofuels are not 

directed towards reducing GHG emissions, but rather provide 

incentives for national supply targets. As a result there is no 

incentive to invest in the ystems that would deliver low GHG 

biofuels.”

-------------------------------------------------------------

• None of the figures above takes full account of the likely effect of 

nitrous oxide emissions (next slides).



The impact of nitrous oxide (N2O)

New research suggests that the amount of nitrous oxide 

(N2O) that is emitted when a biofuel crop is grown can 

cancel out any global warming benefit achieved by 

replacing fossil carbon by carbon from the atmosphere.

The N2O is formed by microbes in the soil, and in waters 

into which surplus nitrate fertiliser drains from the land.

N O is about 300 times more effective as a greenhouse 
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N2O is about 300 times more effective as a greenhouse 

gas than CO2.

See:

P. J. Crutzen, A. R. Mosier,   K. A. Smith and W. Winiwarter, N2O 

release from agro-biofuel production  negates global warming 

reduction by replacing fossil fuels. 

Atmospheric Chemistry & Physics  Discussions, Vol. 7, pp 

11191-11205, 2007,  and 

Atmospheric Chemistry & Physics , Vol. 8, pp 389-395, 2008.

Paul Crutzen, Nobel 

laureate, 1995



Increasing production of “reactive N” (mainly through fertilisers) since 1860 

– growing biofuels can be expected to result in still greater fertiliser N production 

and thus greater N2O emissions

From UNEP/WHRC Report, “Reactive Nitrogen in the Environment”, 2007



The Crutzen et al. analysis

• Emissions of the potent greenhouse gas N2O are higher than 
previously assumed: 3-5% of the nitrogen fertiliser applied to land

– The crucial relationship is the amount of synthetic nitrogen 
fertiliser used per unit of biofuel produced.

• Globally, much nitrogen is wasted: only 40% ends up in the crop 

– the N2O emissions can match or exceed all the CO2 savings.

• Even where 60% of the applied N is utilised by the crop, the global 
warming induced by the N2O, for rapeseed biodiesel or maize 
ethanol, is still between 60 and 100% of the CO2 savings

– and this is without including the CO2 emitted by fossil fuel use 
during biofuel production.



Plant nitrogen content, “N”, and relative 

global warming

Plant nitrogen content, “N”, and relative 

global warming

• For each of the biofuels below , if “N” in the plant matter is above 
the critical range, this implies that use of the fuel causes more 
global warming than the fossil fuel it replaces.

Crop/product Critical range 

for”N”

Actual “N” Relative warming

(ratio to that for 
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for”N” (ratio to that for 

fossil fuel)

Rapeseed/

biodiesel

22-37 39 g/kg 1.0-1.7

Maize/

Bioethanol

10-17 15 g/kg 0.9-1.5

Sugar cane/

Bioethanol

8-14 7.3 g/kg 0.5.0.9
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Emissions from land clearing and 

the biofuel carbon debt
(Fargione et al., Sciencexpress, 7 Feb 2008)

• Converting rainforests, peatlands, savannahs or 

grasslands to produce food-based biofuels in Brazil, 

Southeast Asia and the USA creates a “biofuel carbon 

debt”

– By releasing 17-240 times more CO2 than the annual 
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– By releasing 17-240 times more CO2 than the annual 

greenhouse gas reductions these biofuels provide by 

replacing fossil fuels.

• “In contrast,” say Fargione et al., “biofuels made from 

waste biomass or from biomass grown on abandoned 

agricultural land with perennials incur little or no carbon 

debt and offer immediate and sustained GHG 

advantages.”
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So, what can be achieved by 

1st generation biofuels?

• No serious prospect of meeting demand, as vehicle numbers 

increase and engine efficiency gains are largely cancelled out 

by increases in vehicle size and weight.

• US National Corn Growers Association (2006): bioethanol from 

starch and sugar can meet no more than 10% of North 
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starch and sugar can meet no more than 10% of North 

America’s fuel consumption. The current level is 3%. 

• UK: even if we use ALL our arable land, we can still only 

produce half the fuel we need, as bioethanol.

• The benefits from reduced global warming are at best 

marginal, and at worst the use of biofuels will significantly 

INCREASE greenhouse gas emissions.
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EU rethink?

• “Europe's environment chief has admitted that the EU did not 

foresee the problems raised by its policy to get 10% of 

Europe's road fuels from plants.

• “…..EU Environment Commissioner Stavros Dimas said it would be 

better to miss the target than achieve it by harming the poor or 

damaging the environment.”

(BBC News website, 14 Jan 2008)
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The UK’s  DEFRA, too::
•• “Prof. Robert Watson, Chief Scientist at DEFRA, said it “would “Prof. Robert Watson, Chief Scientist at DEFRA, said it “would 

obviously be totally insane” to have a scheme aimed at reducing obviously be totally insane” to have a scheme aimed at reducing 

greenhouse gases by using biofuels if fears they caused even more greenhouse gases by using biofuels if fears they caused even more 

powerful emissions proved true.’ Prof. Watson called for the initiative powerful emissions proved true.’ Prof. Watson called for the initiative 

to be postponed while a review of the impact of biofuels was carried to be postponed while a review of the impact of biofuels was carried 

out.”out.”

•• ((The Scotsman The Scotsman newspaper, 25 March 2008)newspaper, 25 March 2008)
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Conclusions

• Biofuels were virtually the only source of energy until the 

industrial age.

– They were replaced overwhelmingly by fossil fuels in the 

developed world, first by coal and then by oil and gas, 

– but the demand for liquid fuels and concerns about global 

warming have led to a new biofuels industry with a 

spectacular growth rate.
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spectacular growth rate.

• This development has run ahead of the science, 

– and the idea that 1st-generation biofuels from agricultural 

crops are carbon-neutral or nearly so, and thus combat global 

warming, has now been  shown to be wrong.

– CO2 emissions during biofuel production and from land use 

change, combined with nitrous oxide emissions, can result in 

more warming than that caused by fossil fuel.
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Conclusions (continued)

• The competition for arable land with food crops is 

endangering global food supplies. 

• Expansion of land for biofuel production is causing 

further loss of pristine forests and other natural 

environments, and using up precious irrigation water.
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• So-called 2nd-generation fuels, made from non-food 

crops, wastes and residues, are a much better bet, 

– particularly as they can be grown on marginal land 

with little or no nitrogen fertiliser input.

• We need to delay the biofuel revolution until these 

alternative fuels are in mass production.
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