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THE FUTURE OF BIO-FUELS: A BLEND OF HOPE AND CONCERNS
BY
RICHARD S COURTNEY

Synopsis

Biomass is biological material used as fuel, and biofuel is biorhas$iés been converted into a
form that makes it useful as a displacement for a fossilfiloeéxample, petroleum. Biomass is
solar energy collected by photosynthesis over a small area and a femgjs®asons in plants
that are not compressed and not dried. Simple calculations of the sel@yecollection at the
Earth's surface demonstrate that no developments of biomass can ignifieant amounts of
energy because the energy required to farm and harvest it is a sudigtamportion of the
collected solar energy. And biomass cannot be economic because themet ahenergy
harvested can only be small. Indeed, governments would not need to sufisidisss if it were
an economically competitive fuel. But the production of biomass hagipbter environmental
damage by reducing biodiversity, and reliance on the use of biomaatetisenergy security.

1. Biomass and Biofuels

ike wind power, bio-mass is an ancient idea which hasitlgcagain found favour. Simply,

bio-mass consists of harvesting crops for use as — or canvéns- fuel. Coppicing and
charcoal manufacture were standard forms of bio-masthusughout much of Europe for
centuries. But — also like wind power — biomass lost favounilne high energy intensity in
fossil fuels became available by use of the steam engine.

Biomass is solar energy collected by photosynthesis overlhssgmand a few growing seasons
in plants that are not compressed and not dried. Fostlare solar energy collected by
photosynthesis in plants over large areas and very manythpeais in a compressed and dried
form.

Energy is consumed by farming, harvesting and transpdhegio-mass to its point of use.

There is a net loss if the farming, harvest and tramgpasume as much energy as the use of the
bio-mass provides. This sets a limit on the area of laissrwhich can be grown for profitable

use in any one place.

The term ‘biofuel’ is applied to biomass that has been ctenvénto a form that makes it useful
as a displacement for a fossil fuel; for examplergbe@tim. But, in principle, all biomass is
biofuel when it is burned to obtain heat.

Some countries have increasing concern at their neegtwtifioels, especially oil, and are
promoting the use of biomass as an alternative to such impligs, the use of bio-mass
circulates carbon through the carbon cycle while the ugessil fuels returns carbon to the
cycle. Hence, concerns at anthropogenic global warming (A&We induced some people to
call for use of bio-mass to displace use of fossistud@ his paper explains that any such
displacement could only be very small.

Additionally, the use of biomass has been advocated in resfmocsks for ‘sustainable
development’. But this paper explains why such ‘sustainabldapeaent’ is not possible.



2. The natures of Energy, Sustainable Energy and Fuels

Energy

nergy is the ability to do work. All usable energy derivesithe “big bang” which initiated
the universe. It cannot be created or destroyed.

Energy flows from regions where it is in high concentratioretpons where its concentration is
lower. For example, heat flows from hot to cold aread veater runs downhill not up.
Ultimately, the universe will be filled with a uniformatiiibution of energy and everything will
cease. Scientists call this ultimate end of everything heat death of the universe”.

The flow of energy can be reversed in localised regimnsxample, water can be heated to
make steam. But the net effect of a system which coratestenergy in one place is to increase
the overall distribution of energy (scientists call thisctieasing entropy”).

The natural flow of energy from a high concentration toveel concentration may be used to
conduct work. This is demonstrated by all energy systesns lisg fires to nuclear power
stations. But the original state of higher energy concémtradn never be replaced: it is lost for
ever. In other words, no source of energy can be ragbledionce it is used.

Only three processes provide energy flows which can be sabpladgnanity. They are
» the residual energy which was concentrated in anciemv-dead - stars,
» the residual energy from the formation of the solar sy<ieiah,
» the energy flowing from the sun.

Processes which initiated during the lives of ancitarsshave generated radioactive substances
notably uranium. Amounts of these substances were part ofatezial which accreted to form
the Earth, and they may be utilised as fuel in nugearer plants.

Residual energy from the formation of the solar systerhssrved in the power of the tides and
geothermal forces. Indeed, it can be argued thatahé# Bnd Moon system is still forming
because these processes still continue.

Energy flowing from the sun consists of radiations and pesticTo date, only sunlight and solar
heat have been used as energy sources by humans. B®mwasof the ways that solar energy
is used.

Sustainable Energy

It has become fashionable to promote “sustainable developnmiEn€’ media in the developed
western countries have accepted that it is a desiohigetive. Indeed, in 1992 at the Rio
Summit, several governments committed themselves to encourage i

But — despite the noises from the environmentalist lobby —isabta development is not
possible for energy.

There are over 100 definitions of sustainable developfidnit most can be summarized to be
therestriction of the use of resourcesto the rate at which those resources arereplenished. This
implies that energy sources should be replaced assfdstyaare used. The laws of physics



decree that — in absolute terms — this is not possibleniengy because all energy was created at
the ‘Big Bang’ and no more can be created. Hence, thbedalk about sustainable
development in energy usually maae restriction of the removal of energy from a place to the
rate at which energy arrives at that place ®. This may seem pedantic, but it is very important
when considering the use of biomass.

Biomass is a method to collect solar energy. The energglaleafor collection is limited by the
rate at which photosynthesis can collect it.

Bio-mass is a renewable energy source when the annuga
crop which is harvested is not more than the annual crop
which is grown. The harvesting of wood for fuel in mw¢hhe third world is not a renewable
source because the harvest is depleting the stock of ffeesdemonstrates the severe limits to
the energy available from biomass without severe damage émvirenment.

Fuels

Fuels are stores of energy. They are commodities whicheatored, transported when and
where desired, and used as required. Thus, they aaseddo provide energy which can be
distributed as electricity when and where it is wanted.

3. Theoretically Available Energy from Biomass

he various common sources for biomass are summariseduire Big Ristinen & Kraushaar
4 consider the energy available from biomass in terms afi@they call the ‘biomass

efficiency’ (€): € = [biomass energy/fiday] / [solar energy / f day].

Clearly, the collected solar energy will depend on the dimdsare grown for fuel and the
geographical location. Ristinen & Kraushaar calculateraéeases. One of their cases is
provided here as illustration because it provides an egtiofidhe maximum available energy
from biomass crops.

Ristinen & Kraushaar derive an estimate of the biomassgg /ni/ day of 20 grams / f day
from measurements of dry mass produced in a corn figltid summer in Indiana. The solar
intensity in Bloomington in summer is 262 watt&/rience, for this case, they determined that
biomass energy /mday = [20 gms/fiday] * [674 Kcal] = 74.9 Kcal/ (fiday)

[180 gms].

And, the solar energy Arfday is: Solar Energy /mday = [262 W/rf] * [86,400 sec] * [1
Kcal] = 5408 Kcal/(rfrday) [1 day] [4186 J].

The summer corn-field efficiency is theh= 74.9/5408 = ~1.5%.

This illustration is used here because it provides an exaofplery high collection efficiency.
The paper by Ristinen & Kraushaar provides a number of sfflaiencies for other crops. A
pine forest, for example, has an efficiency of 0.5%.

It is important to note that the high estimate of ~1dsHection efficiency is very high. It
estimates the daily collection of solar energy by a cri¢ip igh collection efficiency in Summer



(i.e. the growing season). Thus, a very, very high egtifioa the maximum available energy
obtainable from a crop could utilize this value as beingiadlde for every day of the year.

Biomass
Resources

1 1
Cellulosic Grains for Fats & oils
ethanaol for biodiesel
(Emerging) (Commercial) {Commercial]
| 1
- " e
Dry Residues Wet Residues Energy Crops Caorn, wheat, Qil seeds
barley |- Sy, rape,
cancla, others
S—
T
Woody Ap waste Herbaceous Wiaste grease
- Digiry manure | - Switchgrass b - 2l grease
- Swine manure - Mischanthus - Trap greass
T | S
e, = ~
Forest residues Field residue Human waste il\foud_![ Fats
b - Tirnoer harvest - Caorn Stower - Sewage b - Poplars bt - Animial taliow
- Forest thinming - Wheat straw - Landfill gas - Willows - Rendering fat
- = . . A
. ]
Dry manure
|— - Primary & - Poultry Etter b - fubure resource
secondary mills - Catile fesdiois
- J

A
Urban wood
b - Lrban forestry

- CED & MSW )

Figure 1. Summary of common biomass feedstocks.

Adopting this indication as the maximum available energy ofidenfrom biomass per year
gives [5408 Kcal/(rftday)] = [5408 Kcal/(ni*day) * 365] = 1,970 Mcal/(rftyear)

= 8.27 x 16MJ/(nmf*year). But a hectare is 10 knso this equates to

8.27 x 16MJ/(hectare*year).

Put another way, the 1.5 collection efficiency for selaergy provides a maximum available
energy from biomass of (262 Wirh1.5%) = 3.93 W/rh And a hectare is 10 KmSo, very
optimistically it can be estimated that the maximwailable energy from biomass is

40 kW/hectare and in a year this would total (40 * 365 * 28hkhectare = 350 MWh/hectare.

Of course, this indication ignores energy losses due tairigr harvesting and transporting the
biomass. Expending more than 8.27 XMIO of energy on the farming, harvesting and
transporting of the biomass from & af land in a year would result in a net loss of enerigo,
the collected solar energy is in wet plant materialeretgy would be used to dry this material
when the biomass was used. The US Department of Energgl@samie of the most optimistic
estimates of these energy losses: it estimatesnha?©% of the collected energy would be lost.
Furthermore, converting the biomass, for example, to trankmdnivould consume additional
energy.

However, this indication of the maximum limit to
available energy from biomass is so extremely high
that there is no possibility of it being reasonably
disputed.




The US is the most productive agricultural producing countitye US Department of
Agriculture estimates that in year 2000 the total agitical land in the US was 943 million acres
which equates to 382 million hectares. As estimated abdovenaximum available energy
obtainable from biomass per year is very optimistica®7 & 10 MJ/(hectare*year). Hence the
maximum possible available energy from biomass as & stonversion of all US agricultural
land to production of biomass is 780 quadrillion J.

This seems much. According to the EIA the US total eneoggumption was 94.27 quadrillion
BTU in 1998 with 36.57 quadrillion BTU of this being oil. Tliguates to US total energy
consumption in 1998 of 89.4 quadrillion J with 34.7 quadrillion thisf being oil. Hence, total
conversion of US agricultural production to biomass productiordqmalvide more than 8 times
US energy needs. But it is important to note thatesisnate of the maximum available biomass
energy collection in the US is very optimistic. It ignoeegrgy losses from farming, harvesting,
transporting, drying and converting the biofuel while assurfiegenergy collection efficiency is
~1.5% (although it would probably be less than half that),eesumes the collected solar energy
would be at summer levels all year. In practice, leas & tenth of this hypothetical maximum is
likely to be achieved. If a tenth of this hypotheticalxmum were achieved, then these figures
indicate that conversion of 10% of US agricultural productidmi@amass production would
provide less than 10% of US energy needs.

This conclusion agrees with European experience. ThepEan Union (EU) Environment
Commissioner, Stavros Dimas, says the EU would hauedd 4-27% of its agricultural land to
reach its target for replacing 5.75% of its fossil fuelgeswith bio-fuels (see Section 5).

4. Special uses of Biomass

t is not possible for bio-mass on its own to compete ecaradijniwvith oil, coal or nuclear

power because they are fuels containing high concentratieeofy. Indeed, some
governments are encouraging use of biomass by use of subsitiesuldinot be needed if
biomass were economically competitive. However, waste biooaasbe a profitable fuel in
some cases because the waste has disposal cosexafpie, wood chippings from saw mills
can be burned as a no-cost fuel for the mill and thisalds@tes their disposal cost.

The European Commission has advocated use of bio-massadtsrnative to paying farmers for
producing nothing under the “Set-Aside” scheme of the Commoiculiiyiral Policy™.
However, on its own this would be very uneconomic.

The Set-Aside Scheme does provide a special case for biamtassEuropean Union (EU).
The large capital cost of a power station cannot bdiggfior the returns from use of bio-mass.
But bio-mass from very near to an operating power statiomddmia small amount of cheap
fuel. Hence, a power station could increase its fadafity if it could substitute bio-mass for
some of its fuel at the height of the harvest season.fllilesed bed combustion (FBC)
technologies and air blown gasification combined cycle (ABfBCinaking electricity from coal,
and the liquid solvent extraction (LSE) process for makihffom coal have sufficient fuel
flexibility to do this. The economics of one of these systamuld be improved by substitution
of the small amount of bio-mass which was cheaperithaoal feed, but the benefit would be
very modest.



5. Developing problemswith desired use of Biofuel

Some countries are concerned at their need to impomrditdnsport fuel and have
governments that desire to reduce this need by growing biomasmifgersion to transport
fuel. Indeed, the production of ethanol from sugar canaederas a transport fuel is a major
industry in Brazil.

The EU ‘Biomass Action Plan’ published December 28a&t a target for the EU to replace
5.75% of its fossil fuel usage with bio-fuels by 2010. Atrta@nual spring summit in March
2006, EU heads of states and governments suggested thatgdistald be increased to 8% by
2015, pending further impact analysis. The stated intentitdmsofarget is to reduce carbon
dioxide emissions as part of a policy to avoid AGW incagance with the Kyoto Protocol.
According to the EU-sponsoraftiell to Wheelstudy®, Europe would have to use 14-27% of its
agricultural land to reach this 5.75% target. The study adeslthat this amount of agricultural
land is too large for the target to be met by domesyigmtdduced biofuels alone. Hence,
meeting the target would require significant importsnficountries like Brazil and Indonesia.

The EU ‘Biomass Action Plan’ has worried some environniisitga They are concerned that the
reduction to carbon emissions will be negligible and thatoegsts will be replaced by
mononcultures for efficient production of biomass.f
Imports could cause not only shipping and land
transport emissions but also destroy the rainfore
make way for plantations, thus reducing the carbok
sink that rainforests provide.

Non-Governmental Organisations (NGOs) are not alone inngpibiese concerns. On 7 June
2006 at a biofuels conference organised by three leadingpemantal NGOs in Brussels, the
EU Environment Commissioner, Stavros Dimas, said a balawodetion needs to be found in
developing biofuels. “The Commission needs to consider ¢yrbafuwv policies can best
increase use of biomass without damaging the environmenthiandust also cover biofuels,”
Dimas said, conceding that the Commission’s policy in taid fs “still very much under
development”. Dimas said the current techniques usedfudié production, which are mainly
derived from agricultural crops (so-called ‘first genenaitbiofuels), means the EU will likely
not meet its 5.75% target. “So-called ‘second generationdigfseem to have much lower
overall greenhouse gas emissions and other environmental irtipeacthe first generation
biofuels that dominate production in the EU today,” Dirsagl. “They also offer higher
potential for production and cost reductions, as theyedmased on biowaste with fewer
competing end-uses”.

While Dimas’ comments may have pleased the environmentalisite Conference, they point to
an innate problem with biofuels. The so-called ‘secondrgéinae biofuels’ are merely the
profitable disposal of waste material by using it as. fdlere is not much suitable waste
available for its conversion — in gasifiers and liqugierto enable its use in internal combustion
engines, and the conversion would have very high cost.

Importantly, Dimas stated the obvious in his speecénaite said of energy derived from biomass
(whether in the form of waste, wood or energy crop), “Usilegnass for heating and electricity

is cheaper and provides far greater avoidance of fassigy and C&(carbon dioxide) than
converting biomass to biofuels”. But, at the same timesaitemore biofuels should be called for
to help the transport sector out of its “oil addiction”.h&TEU stands to become almost 90%



dependent on imported oil in 2030. The present target of Sbf&uels by 2010 ensures a basis
for development efforts in this sector,” Dimas said.

Imports of biomass to the EU from large producing countiteshe US or Brazil will be needed
while the EU waits for a significant contribution of secondegation biofuels to the EU's
transport sector needs. These imports have potentikfger-term problems. The governments
of the potential supplying countries are also promoting ub#oafass, and they can be expected
to put priority on their internal supply. Hence, a growlitd) dependence on imports from these
countries would threaten EU energy security.

The low solar collection efficiency of biomass providesilsinproblems of energy security to
any country that adopts significant use of biomasdlelfitel can be grown within any country
(see Section 3) and, therefore, imports of biomas
would be required.

In addition, growth of biofuels could drive up food -
prices by diverting crop yields to produce fuel, and thisccaudke it more difficult to feed urban
poor. This is especially true for developing countries.

6. Environmental Effects of Biofuel

s stated in Section 5, environmentalists are becoming cwttat the potential effects of

biomass use although environmentalist desires for ‘sustainalBodment’ were among
the original reasons for a return to use of biomass. Howasexplained in Section 3, there is
little energy available from biomass unless the crop has gmlad collection efficiency and it is
farmed very efficiently. These efficiency requiremamtguire large areas of land to be turned
over to monoculture if useful amounts of biomass are to lzénalat, and the monoculture would
reduce biodiversity. Alternatively, the need for efficiearming may be avoided by using cheap,
natural biomass — for example, rainforest — with resultargafje to the natural environment.
Environmentalists desire reduction to use of fossil fbetsause they fear AGW, but the possible
destruction of biodiversity and the natural environment alsoi@gthem.

Reduced Biodiversity

BirdLife International is an NGO with concern for bspecies. It has welcomed the EU
Commission’s ‘Action Plan’ for promoting use of biomass atep forward in the fight against
climate change, but has expressed serious concerns alu@livitsy ‘on the ground’. The EU
proposals acknowledge the threats posed by the developmeaoimaidsi to biodiversity but fail to
outline a clear strategy to address them. BirdLifesisray the European Commission to set clear
environmental standards to ensure that biomass productiotsriesalsignificant decrease in
greenhouse gas emissions while preventing harmful impadi®diversity. The desire for
significant decrease in greenhouse gas emissions isfdrdmause biomass cannot provide
significant displacement of fossil fuel usage (see Se8&jipbut the effects on biodiversity would
inevitably be significant where biomass is farmed.

BirdLife wants an accreditation system that traces bmmass and biofuels have been produced
and screens them against environmental standards. iBig theeting strong resistance from
Europe’s farm lobby. Clairie Papazoglou, BirdLife’s HedidEuropean Division, said: “We are
concerned that the new proposals remain too generic toreffleguarantees that wildlife will not
be harmed. The EU can ensure it doesn’t go this way lingin place a strong system of
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safeguards. These proposals provide a step in the rigbtialivebut only the bare bones of
environmental protection are currently there.”

Reasons for the conflict between European environmentafigté&armers are obvious. BirdLife
recently conducted an assessment of the overall stalbirslefin Europe. According to this
survey, 43% of all bird species are declining and the dewalansened between 1995 and 2005.
Farmland birds in the EU-15 countries have fared partigutedlly and experienced a decline of
32% between 1980 and 2002. Many common farmland birds such as @ammgB/ilaria
calandrg YellowhammerEmberizia citrinella Barn SwallowHirundo rusticaand Tree Sparrow
Passer montanuisave experienced a severe decline in the EU largelyestil of the
intensification of agricultur®.

Dedicated biomass crops for use in Europe include shorterotaiilow-coppice, unusual grasses
and forestry products. The current rapid expansion of bioanaps in Europe often utilizes set-
aside land that had been withdrawn from production under gteASde’ Scheme of the
Common Agricultural Policy. Farmers are paid a subsigy¢wide set-aside land, and these
pockets of natural land have become important for thevairef some birds and other wildlife.
Set-aside land has become almost the only remaining habitaafty grassland-dependent
species in several areas of intensive agriculture. For
example, in France the Little BustaFdtrax tetraxs
breeding almost exclusively on pockets of habitat
provided by set-aside land. But the EU ‘Biomass Action
Plan’ allows farmers to grow energy crops on set-aside
land, and if further incentives are given to do this,
Europe could lose hundreds of thousands of hectares offeviidbitat within a few years.

Rainforest Loss

As explained in Section 5, the net energy provision from biomsasssmall that even the use of
all set-aside land would not meet the EU Action Plaargdt of 5.75% biofuels by 2010.
Meeting that target would need conversion of between 1492 & of all the UK'’s agricultural
land to biomass production (this range depends on the chosesmskicnops and the region in
which they are farmed). But the EU Commission recognimgssuch conversion is not feasible
technically or economically. Hence, meeting the targgtires the import of biomass. The
imported biomass would probably be from the cheapest sowitieg to supply them, and that
means material harvested from rainforest areas. progpect horrifies environmentalists.

Aat Peterse of Transport and Environment (T&E) has samt tlansport, improving energy
efficiency of vehicles should be the first priority. bibfuels are to be part of the energy solution,
the EU must ensure that those produced by clearing ragtéoand protected habitats will never
be sold in Europe.”

A report published by the ‘Worldwatch Institute’, a Washimgbased advocacy group, and
commissioned by a German agricultural agency says faélsisybeans and palm are encroaching
on tropical forests In Brazil and As?A The oils from soybeans and palm can be converted to
biodiesel.

“The most problematic and serious risk (of biofuels)ispreading into wild areas and impacting
biodiversity,” Christopher Flavin, president of Worldwatshid, “That is going to require more
stringent laws than currently exist in most countties.
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Other Environmental damage

Direct use of biomass as a fuel has significant potewmtiakfease of pollutants including toxic
emissions. Biomass contains much moisture and everytlahge¢humulates on and in the
growing biomass. Severe control of its combustion is needsebid emissions of dust,
polyaromatic hydrocarbons, nitrous oxides and dioxins. Suchotoatjuires use of advanced
combustion technology because the biomass is — by its naturebleamnaterial.

The report published by the ‘Worldwatch Institute’ also gags traditional ethanol crops, such
as corn in the United States and sugar in Brazil, cogletase erosion and deplete aquifers. The
top five ethanol producer countries are shown in Figure 2.

And, the ‘Worldwatch Institute’ report says that if hiefs are produced from crops which take
high inputs of products derived from fossil fuel, such adlifer, the process of growing, making
and burning the fuel could create more greenhouse gasiensishan oil does. However, it
claims that no-till crop technigues and the use of

advanced biofuels, such as cellulosic ethanol, can

cut carbon dioxide emissions below those 5.00
Figure 2. The five major ethanol R
producer countries. 20
from fossil fuels. Cellulosic ethanol uses microbes bg';ﬂ;if 2.0
to break down the woody bits of plants. The

advanced biofuetan be made from low-imput 1.00 1

perennial crops, such as switchgrass, that grow or
marginal lands. The cellulosic ethanol industry is |
its infancyand at present there is only one such pl:
in North America. It is operated by the Canadian

company logen, with investments from Royal Dutc

0,00

Shell and Goldman Sachs & Co.

These assertions that use of biomass may increasguaerearbon dioxide emissions are
probably true, but neither effect would be significant bectheseisplacement of oil by such
biofuels can only be insignificant (see Section 3).

7. Economics of Biofuel

dvocates of biofuels are bullish. A recent report fromofiels for Transportation’ titled

‘The market for biofuels’ said that the market for bigl, including ethanol and biodiesel,
is small but growing rapidly. Between 2000 and 2005, ethanol piodwioubled while
biodiesel output quadrupled although it started from a sn@lteluction base. In 2005 the
global ethanol supply fueled a little less than 1 percetiieofvorld's transport vehicles but,
according to that report, biofuels could provide 37% of ta8gport fuel within the next 25 years.
A report published by the ‘Worldwatch Institute’ claimatbiofuels could replace 20% to 30%
percent of oil-based fuel in the European Union withinidne 25 years. Neither report points
out that this would require massive imports of bionfase Sections 3 and 5).

In addition, growth of biofuels could drive up food prices byeding crop yields to produce
fuel, which could make it more difficult to feed urbavop especially in developing countries,
according to the Worldwatch report.
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The Worldwatch report also says production of biofueks source of jobs. The ethanol industry
provides 200,000 jobs in the United States and 500,000 jobs in @vhitth produces slightly
more ethanol than the United States). This mayuse but the report does not say how many of
those jobs would have been in agriculture that has beptaded by the ethanol production. And
ethanol is a less efficient transport fuel than petraleldf the produced ethanol is being used to
displace transport fuel then the reduced transport effigieray have the overall effect of
reduced economic efficiency with the result of fewer joblse report does not address this issue.

There is a clear need for an analysis of the tatahemic effects of reduced transport efficiency
from use of ethanol and biodiesel. These effects will pemt#ent on the economy of each
individual country and, therefore, are beyond the scopeptper.

Most ethanol heads to Midwest, California

Midwest refineries produce most of the ethanol for states in the
region, as well as Califomia, a huge user of the fual,

2004 ethanal-blended fuel use by state, in millions of gallons

More Urder 100 B 100-959 B 1,000- Il Over
5,000 5,000
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| - i = ln production
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- v construction

Figure 3. Ethanol production and consumption in US States

But use of ethanol as transport fuel has direct econonaictefbecause it is more expensive than
petroleum (called gasoline in the US). The US use of etlianthnsport fuel is shown in

Figure 3. President Bush and others have suggested theglbsuch as ethanol could reduce
the need for the US to import oil. As explained int®&c3, biofuels cannot provide a significant
reduction to the imports. However, ethanol is being tiseaighout the U.S. as an additive of
10% blended with gasoline. The result has been increaskdadsts for US drivers. In the two
months following introduction of this additive at the stdiay 2006, demand for ethanol
caused its price to rise about 65% to around $4.50 a gallossirspot markets, according to the
Oil Price Information Service. This is much more exgee than gasoline which costs about
$2.90 a gallon at the pump so the direct effect is to taesprice at the pump to $3.06 (a price
rise of 16%) without taking into consideration costs afigporting and blending the ethanol. The
Wall Street Journal commented, 19 June 2006, “Analysts salyah set up a lesson straight out
of the Economics 101 textbook: If you add an ingredient to a prddaicis pricier than the
product itself, in effect, you're driving up the price lué product”.
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8. Recent Biofuel Developments

he US is enforcing adoption of ethanol as transport feel $ection 7), and in June 2006
developments of biofuels were announced in many otherslace

France has set itself a target of 7% biofuel use by 201Q@%¥doy 2015. On 1 June 2006

the French government launched an experimental scheme in the Mgion to run a fleet of
seven Ford Focus cars running on 85% ethanol (E85). The sd-flek-fuel is currently not
authorised in France but its use is already widespreBdhzil and Sweden. Industry minister
Frangois Loos said France was aiming for the approva8bfearly next year with the fuel
expected to become widely available by 2010. Loos has"g€aid,objective is simple: we want,
by the end of the decade, the market to offer cars thatroanequally with gasoline or with a
biofuel that is almost pure”. On 7 June 2006, the French goeat set up a biofuels working
group steered by former F1 champion Alain Prost. Cdfllex fuel 2010, the group brings
together the oil industry, farmers, carmakers and conswaneraims to draw-up a biofuels action
plan by September 2006. Renault has said it will make ha# oars flex-fuel capable by mid-
20009.

Also in June 2006, the Indonesian Government announced plansrtthobeamillion hectares of
forest to create palm oil plantations dedicated to biobpsduction. Environmentalists
complained that losing such large areas of habitat risk
extinction of threatened bird species like the Sumatr
Ground-cuckodCarpococcyx viridiand also threatene
mammal species such as the Orang-&amgo
pygmaeugsee also Section 6.1).

China is the world's third-largest ethanol producer, after

the United States and Brazil. It has four governmentsped ethanol plants that use corn or
wheat as their raw material and have a combined annpaticg of 1.02 million tonnes. But
worried over food security, Beijing has said it intendade non-grain raw materials for fuel
ethanol as part of its effort to cut dependence on impaite China imported 127 million tonnes
of crude oil in 2005. The Guangxi region is to build ethanol plaith a combined annual
capacity of 1.0 million tonnes to deal with a fuel shortagemiing to Xinhua news agency. The
plants will process Cassava to make the ethanol, andg®iyanovides more than 60% of China's
cassava output, producing 8 million tonnes annually. Xinhpartethat the region is to
encourage cassava planting to guarantee supplies for gmkfitants. Sen Yang, a professor
from China Agricultural University, said in April 2006 thatssava alone could supply as much
as 4 million tonnes of fuel ethanol in China.

Thailand, the world's top cassava producer, already cans@ne of the vegetable into fuel
ethanol.

On 20 June 2006, DuPont Co and BP Plc announced they hadlfara®e50 partnership to
develop transportation biofué®s They will work with British Sugar, a subsidiary ofgociated
British Foods plc, to convert its ethanol fermentationlifgen Wissington, eastern England,
using sugar beet to produce 30,000 tonnes of biobutanol annualtya Krger second phase of
development work will have been completed in 2010. DuPorialf claimed biobutanol can
be made from a range of common crops, such as sugar camgaobeet, corn, wheat, or
cassava, and has the potential to be blended into gaablingher concentrations than existing
biofuels without the need to retrofit vehicles. It carubed in existing fuel distribution pipelines,
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offers lower emissions and would give consumers moresipée gallon. Thomas Connelly,
DuPont's chief innovation officer, said the companies prajetizt its new biofuel would be
competitive without subsidies with oil in the range of $30 to®0barrel. Also, DuPont had
formed a business unit in April 2006 specifically aimed at dgveént of biofuels and said it had
a bio-based product pipeline valued at $3 billion.

The announcement by DuPont Co and BP Plc came seven méethihie oil company BP
formed BP Alternative Energy that is a dedicated alter@@&nergy business. And their
announcement coincided with BP launcheing a new biofueladmssunit with plans to invest
$500 million over the next decade in a new Energy Bioscienceubestd fund long-term
biofuels research.

Environmental Defense President Fred Krupp issued a statap@atding the partnership and
calling for further actions to address not only problemeaated with oil dependency but also
global warming concerns.

Construction of a 13.8 MWe power plant to burn biomass startéthles at Longlands Lane in
Margam, Port Talbot during June 2085 It will supply electricity to the UK grid. In a joi
venture Cardiff-based renewable energy company Eco2 andrWksgeGroup are leading the
project which will burn wood from sustainable forestry searcAll its fuel will be wood

material from managed forests and saw mills. Hemhi®project is an example of profitable use
of waste by disposing of it as biomass. However, it diggdace fossil fueled power and the
operation of the plant will employ 30 people. The projebeisg funded by Englefield capital
and the Bank of Tokyo Mitsubishi.

The announcements listed above demonstrate a remarkable ochérmgéortunes of biofuel
especially for transport. This is clearly shown byadhanged circumstances in BraZil

In June 2005, analysts were saying the Brazilian governmentledebgrogram — based on
castorbean oil production to benefit poor family farms — avabaritable thought but not viable.
A year later, the small castorbean farm component pikkared to be inadequate for the
demands of Brazil's biofuel plans but the entry of larggesta like the state-run oil and gas
company Petrobras had revolutionized the propects for biafuBlszil.

In 2008 a 2% blend of biodiesel becomes mandatory in all diekkIn Brazil, and new biodiesel
plants and retail outlets via the distribution arm oféteias seem to make this possible.
Petrobras already offers biodiesel at 500 of its filbtations and plans to sell it in 7,000 stations
in 2007. Miguel Biegai is a biofuels specialist at lcmadlysts Safras e Mercado and he says,
“Brazil is forecast to need 800 million liters of biodielg January 2008 and, as it looks now,
output will reach and surpass that with plenty to spare”.

Brazil is in the lead as large and small economies agatkatives to high priced oil imports.
Brazil has the world’s most advanced biofuel industry pinaduces ethanol from sugar cane.
There are over 30,000 filling stations across the couetlng ethanol to motorists and this fuel
accounts for 40% of all fuel consumed by Brazil's ligéhicles.

Brazil went from a net oil importer to a net exporte2006. This was due in part to increased
production of deep water crude after Brazil opened exptoraind production to international
firms. But Brazil still needs to import lighter petrofegroducts that its predominantly heavy
crude output lacks.
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Brazil's large but failing vegetable oils industry is likedybe the direct beneficiary of Brazil's
biofuels plans. Norberto Freund, biodiesel specialisisioN Grain says, “This could help
support the soy crushing industry, especially in the cemest; which is the only oil producer of
sufficient scale to match a national biodiesel prograBrazil's soy industry has been moving to
Argentina where there arere favorable market conditions@nuag benefit in the short term, but
more efficient oil yielding crops such as palm, sunseedcanola will probably displace soy if
the demand for biofuels continues.

Repar refinery, in Araucaria, Parana, Brazil's toprgs#ate, uses a state of the art refining
process to produce high quality diesel using 10 percent vegeibbédled H-Bio diesel. H-Bio
has not yet been produced commercially and should not be ednfith Brazil's conventional
biodiesel production. Petrobras has applied for a patetiiteoprocess. Brazil's President, Jose
Sergio Gabrielli, has said of the process, “In develothiggtechnology, we are allowing a great
advancement in the energy independence of Brazil’. Pesrsbys H-Bio is cheaper to produce
than high quality petroleum diesel because the vegetabkel#nded in with petroleum in the
refining process. H-Bio could be used by city bus flegisiprove urban air quality because of
its low sulfur content that is about 10% less than thabaofal diesel. Brazil consumes 40
billion liters of petroleum diesel a year and most ipanted at what it considers a high cost, but
the quality of domestically produced diesel is poor anthipy. Petrobras said the H-Bio
program alone will allow Brazil to quit importing 250 mulh liters of diesel in 2006 and reduce
2007 imports by 450 million liters. This would consolidate®l as the world leader in biofuel
production.

Clearly, the greatest economic benefit from biomass is tf
economic disposal of waste. Hence, cellulosic ethaa®l
greatest potential for transport fuels from biomass becean be produced from any part of a
plant. Straw, stalks and corn husks are wastemiclellulose that can be converted into sugar,
and then ethanol. Also, equipment to produce cellosanet from plant material could use wild
plants harvested without cultivation (indeed, this is a@&nvironmentalists; see Section 6.2).

However, economic production of cellulosic ethanol from ptaaterial is expected to require the
breaking down the cellulose into sugars by use of enzymehkatia yet to be developed. The
most promising methods are still at the laboratoryestagd the first commercial enzymes aren’t
expected until 2009 at the earliest. For example, the Uitiyaf California at Berkeley is
attempting to use an enzyme derived from a cotton-eating fuamglg shows much promise but
is only in the laboratory as yet. More long-term develogseclude the work of the geneticist
Craig Venter who has raised $31 million in venture-cafitading to make genetically modified
plants and plant-eating enzymes using his company Synthetmr@z1?.

It remains to be seen if conventional chemical techniquesréaking down the cellulose into
sugars can be an economic method for production of cellaggnol. Despite this, a Canadian
company called logen is building the world's first cellulésethanol factory that is intended to
produce ethanol from switchgrass. In May 2006 Goldman Saegsted $27 million in this
project.

And cellulosic ethanol is attracting other notable invesforsexample Bill Gates, Chairman of
Microsoft, has purchased 25% of Pacific Ethanol, a FrgSalif. company that is planning to
build several ethanol refineries in the U.S. Those reésevould be able to adapt to whichever
ethanol production method is used.
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But all these developments have high risk for developed gesintAs explained in Section 3, it
is extremely difficult — and probably physically impossibléor production of ethanol from
indigenous crops to provide a substantial proportion of the eneegls of a country with an
advanced economy. And ethanol has high cost relative toftpatroleum. The demand for
ethanol as a blend addition in transport fuels is politickiven and this demand could cease if
the political drive were to change.

9. Conclusions

Biomass has some significant uses to provide economic wastsalisput it has little
potential as a primary energy source. For exampld; tih@pean Commission admits that
achieving its target of 5.75% of its transport fuels byaidgomass will require substantial
imports of biomass despite turning more than 14% of Eidwature over to biomass production.

The limits to biomass for primary energy supply are sgihygical laws and, therefore, cannot be
overcome.

Biomass is solar energy collected by photosynthesis overlhssgmand a few growing seasons
in plants that are not compressed and not dried. Thgyeaeailable for collection is limited by
the rate at which photosynthesis can collect it. Andifegnharvesting, transporting and drying
biomass consume most of the collected energy. Furtheromreerting the biomass, for
example, to transport fuel would consume additional enefgpese factors limit the potential use
of biomass; for example, conversion of 10% of US agricultu@ystion to biomass production
would provide less than 10% of US energy needs.

However, the production of biomass has potential for enviratahdamage by reducing
biodiversity and reliance on the use of biomass threatens eseggyity. These problems are
causing concern to environmentalists in Europe.

The use of biofuels for transportation increases tratefjmn costs. But biomass and biofuels,
especially for transport fuels, are attracting investarhese investments have high risk because
the demand for biofuels is politically driven and this demamddccease if the political drive
were to change.

The political drive is induced by desire to reduce foglorts and to reduce carbon dioxide
emissions. Any such reductions would be insignificart tieveloped economy.

The economic effects of the costs of substantial biomassweesnalysis. However, these costs
will depend on the national economy of the country using theassrand, therefore, are beyond
the scope of this paper.
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