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Preface

Biofuels production, driven by the potential to contribute to energy segumtimate change
mitigation and rural developmenthas experienced rapid growth in recent yeargvé&al
countries have initiated policies teupport biofuel development, production and use in the
transportation sector. However, there are growing concerns about the economic,
environmental and social sustainability of biofuels, as well as about their ability to actually meet
the energy security expectations.

In response to these concernas well as the potential impact on oil markei$ successes,
failures or disappointments likely to be encountered along the biofuel development path, a
review and assessment study was commissioned by the Irtierred Energy Forun(lEF)
Secretariat. The aim of the study wae assess, based on a review of documents prewit

the authors by the IEB=cretariat the extent to which biofuels could contribute seriously and
consistentlyto meeting a substantial portion of futurelemandin the transportation sector,
and to bring somenswes to the multitude ofquestions thathave arisen about the viability
and sustainability of the variousypes of biofuels currently in production or under
development Additionally, the study would, where feasiblgoint out any remaining
uncertainties or open questions.

The study assessdise current status of various biofuels aradtemptsto address some of the
concerns in light of published information, reviews, assessment reports and papers from a
number of sources The findings othis study, contained in this reportwill be presented ¢ the

12th Ministerial meeting of the IEiR CancunMexicg March2010

Scope of work

Given the experiencen 2008 of extreme oil price volatility and the curremelatively lowoll
price,the IEF=cretariatplaced due importance on the provisionafealistic assessmemnd |IEF
Ministers of what can be expected from biofuels up to 2030. Many releasmot pressing
guestions neednswers Examplesclude thesetaken from the Terms of Reference (TOR):

! See Annex 1 for the TOR of the study as provided by theetE&tariat
% Theauthors relied orreportsand studies provided by the IEF Secretabiatt also identifiedand reviewed
additional materiafrom a variety ofsourcesto the extent feasible. Thealso sought the viewsf major
international energyorganizationand somebiofuel R&Dcenters.
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- "Are the existing targets in consuming countriesdmfuels achievable?

- "Are the subsidies/tax incentives for biofuels in consuming countries sustainable in
economic/budgetary terms given current relatively low oil prices and given increasing budget
pressures as a consequence of the economic downtunn@tjfwhat are the consequences?

- "I NB O2yadzYAy3d O2dy/(iNRSA AYLEAOAGEE O2dzy Ay 3
oil supply if they fail to achieve their biofuels supply growth?

- "To what extent will this uncertainty dampen investment rade oil supply?

- "What are the environmental and food market consequences of the anticipated growth of
biofuels in terms of CO2, langse, water, deforestation?

- "How fast is the technology for secogéneration biofuels developing?

- "How realistic is ito expect secondjeneration biofuels to be of any significant importance in
achieving biofuels targets in the next decade? If not, what will be the consequénces?
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Exeaitive Summary

1. All energy production, conversion and use systems have positive aspects as well as
drawbacks.There is no such thing as an ideal energy source and any energy policy decision
consists in balancing the pros and cons of different solutidhss is true in particular for oil,

which has tremendous, welknown advantages, but which also faces two challenggswith

no serious substitute for transportation, this sectds very vulnerable to severe supply
disruptions, and ii), like other fossil fug its use creates local pollutioand contributes a
significant share to increased GHG concentration in the atmosphere, which is the main reason
for adverseanthropogenic climate change.

2. Biofuelshave been and are being developed in many countriesabse, together with

other policies, theyoffer the potential, in part, to address both oil challenges: lack of diversity

of sources and resources, and reduction of GHG emissioos the transportation sector

This immediately raises two questions: i) dtey effedive ¢ at an acceptable cosg in
achieving what they are supposed to do? and ii) are their limitations and disadvantages fully
taken into account, when deciding on a biofuel policy?

3. For consuming countries, the objective of improving energusty, through increased
diversity of resources, as well as sources of supply, is a sensible and desirable one which indeed
may very well be served by certain types of biofuels produced under favorable conditions in
certain locationsThe main reason fothe dominance of petroleum products is that they are

liquid, a key feature for energy use in transport, arldofuels currently represent the only

other serious, potentially largescale commercial liquid fuel option. Energy security
improvement is a relae issue. Thus while the commercialization of another liquid fuel option

will no doubt improve energy security for the transportation sector, unfortunately to quantify

the value of an increased diversity of sources (such as biofuels) and to compar¢hd to
additional costs thus incurred is very difficult.

4. On the other hand, consuming countries should recognize that if they want to increase
security of supply througla diversification of resources and sourced, producing countries

can legitimately sake a claim to increased security of demand throughdiversification of
customers, and more importantly, are justified in being cautious in makimgw investments

in new production capacityif there is a risk that energy security and climate change ipslin
consuming countries could destroy the corresponding demand.

5. The other main reason often put forward in many countries in favormbfuelsis the
assumption that theymake a tangible contribution to reducing GHG emissions, particularly in
the trangportation sector. Thusit is important to make sure that this is actually the case at an
acceptable cost (other things being equal); that is a cost which is not higher than the cost of
reaching the same GHG reduction by other meadnisst of the studies naewedfor this report
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address this keissue, and most have emphasized that the main difficulty in this task is to make
sure that all emissions have been fully taken into account, throughout the entire life cycle, from
cradle to grave.

6. Mounting evidencefrom research and analysis, however, indicates that, foost first
generation biofuels, the net impact on GHG emission reduction is margiaald in some
casesclearlyunfavorable.lt is wrong to generalize such conclusi@ssapplicabléo all sources
of a particular type of biofuel, as the relateet impact differsaccording to feedstock, location,
agricultural practice and conversion technology. The largest impact is determined bydand
change(LUC)for example through deforestation.

7. Initially, most estimates did not account properly or fully for emissions created by direct
and indirect laneuse changeln some caseghese GHG emissions can be very large and, even
worse, their impact on global warming igreater as they take place early in therpcess
which is linked not only to total emissions but also to the intensity of emission over time (so
that an early emission of a ton of €6 more harmful than a late one). On the other hand,
some landuse changes created by biofuel crops are bendfioglucing the land emissions. As
each case is specifie.g., site and cropkach biofuel project should be decided only after a
very comprehensive assessment of its GHG total balance, among other key ,fastors
completed

8. Growing biofuel crops may selt in other detrimental impactsA number of recent

studies have concluded thaprolonged dependence on first generation crops for biofuel
production will result in an increased risk of deforestatipnwhich, whencombined with the
conversion of grasslasdand savannahs to biofuel crops, is known to have a very negative
impact on biodiversity. Water consumption is another exampldut again this should be
checkedon a case by case basis (crop, land, region, etc). The use of fertilizers and pesticides has
also been blamegdbut their use is not generally higher than for food crops, although of course,
production of fertilizers and pesticides should be included in the GHG emission balaDoe.

the other hand, as an oxygenated, lelide Octane Index enhancerthanol contributes to
reducing local car pollution.

9. It is accepted that the overall impact of any biofuel development should be assessed on
a life cycle basislife cycle assessment or LCA), however, according to a recent study, the
methodology of presenLCAs is still far from being appropriate and standardized. In particular
the very important impacts of biofuels on LUC, including emissions of nitrous oxide as a
consequence of fertilizer use, is very often miscalculated or done in a way which dodbwot a
comparisons.There is a strong need for standardizing LCA methodololgy the interim,
extreme caution should be exercised when assessing environmental impacts.

10.  Another major concern with present biofuels developmenitsscompetition with food
crops and the risk of fod price increases due to the conversion of existing food crops into
biofuel production and future competition for arabldand. There is converging evidence part
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of the price increase of certain food crops observed in recent yearslua$o such factorsout

it is difficult to quantify the mpact accurately. A recent majstudy estimated that, if OECD
targets for biofuels are implemented by 2020 with first generation techno&gieop price
couldincrease up to 30%.his supportshie conclusion that the risk would certairdg serious if
the share of biofuels in transport fuels were to increase dramatically. Howegdnng as the
reasonably attainable shares seem not to exceed 10%, this risk is probably mmgrecent
projections, which indicate that the share of biofuels in some major OECD countries may
reach or exceed 15% level by 2015, call for careful assessmethteofood crop pricerisk and

its impact on poor populations in developing countries.

11. The dficacy of biofud crop production in promoting agricultural diversification and
rural development in developing countrieften cited as a reason for international support,
appears to be of limited valugat least for firsigeneration biofuels. This is especially sdight

of the fact that substantial biofuel subsidies in developed countries have constrgiaed will
likely continue to constrai biofuel export opportunities from developing countries

12. Indeed, there are reasons to believe thatseveral OECD courdg an important driver

for supporting biofuels is actually farm policy, which after all can make sense, provided that
costs and benefits are evaluated in a transparent and objective way. Unfortunately, this is not
generally the case; in particuldhe imp- Ot a 2F adzOK FI N Ll2tAOASa
farmers are generally not taken into accoumfloreover, without transparency it is not
possible to make sure that the same farspecific objectives could not be obtained at lower

costs with other cropsincreasing transparency in objectives, costs and benefits should be a
commitment for all countries.

13. Within the first generationof biofuels, there is a clearonsensus thabnly one is
acceptable, taking ind account the various aboweentioned concerns:this is ethanol
produced from sugarcane in Brazprovided that the expansion of future sugarcane farming
for ethanol production continues to followucrent practice and avoidextensionto areas that
might raise the issue of harmful direct and indiréabhd use change All the other biofuel
crops currently in commercial productiooffer poor GHG results(e.g. corn ethanol), at very
high prices or with unacceptable environmental impacts (e.g. palm oil dies&yen on the
grounds of energyeurity, mostdo not seem attractive anthere isconcern that farm policy
might be the only serious, but not properly assessed, reason for developing these biofuels.

14. In most countries, policiethat encouragethe rapid growth of biofuel production have
outpaced our understanding of the potential impact of biofuels on the environment,
sustainable utilization of natural resources and food security. In particmast of theinitially
established biofuel production targets, which remain generally applicable, are eith®o
ambitious or unsustainable over the long ternin fact, given the rising caerns about most

first generation biofuels, some production targets are being recomsitleand may be relaxed,
delayed or removed. Some have already been revigeduably,the expansion of biofuel
production was strongly impacted in 2009, due to the financial and economic crisis, but
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nonetheless is set to resume its strong growth trend, following economic recovery, even more
so now that oil prices have regained some stréngt

15. Therefore, there is an urgent need to review existing biofuel policies in an
international context in order to avoid environmental and economic mistakes, to protect the
poor and safeguard against food insecuritfProduction of any type of biofuel Wilnvolve
trade-offs among the multdimensional aspects of sustainability. A-megrets policy should
give priority to biofuels which are expected Ibe cost effective in a not too distant future, while
realizing the declared objectivesuch as reducedet CGemissiors.

16. Next generation biofuelscurrently under development, such as cellulosic ethanol,
renewable diesel, biomags-liquids (BTL) or Fisch&ropsch liquids, made from solid bio
waste (agricultural, forest or municiparasses, woodsyaste paper and/oalgae hold better
promise. Available data and initial assessments @ate that in general, theycould offer
dramatically reduced lifecycle GHG emissions relative to fossil fuels, due to higher yield and
the possibility of using byproduct plant waste for procesgnergy. Sill, many technical and
economic barriers remain; they need to be resolved through further extensive research and
development efforts, includingor example the need to develop more cost effective enzymes,
fungi or microbes to breakdown cellulosesinto sugars for fermentation and subsequent
ethanol production.

17. Despite the large R&D efforts and sizable investments being made by public and private
organizations in major OECD countripmgress in thelevelopment ad commercialization of

next generation biofuels has been sloNotwithstanding the early targets set by several
countries, it is not likely that next generation biofuels will become commercially available on

a large scale before another decade or so, atetrarliest. First generation biofuels will
continue to constitute the bulk of biofuel supply for another decade and will coexist with next
generation biofuels for sometime after. It is important to recall and emphasize that overcoming
technical barrierss necessary but not sufficientg for sustainable commercial penetration of
next generation biofuelslt is essential to insist on the need to conduct, for each new next
generation biofuel project, a very detailed and comprehensive assessment of itsscast
benefits (e.g. GHG emission reductions), before policies aiming towards large scale
commercialization (e.g. targets, incentives, etc.), are adopted and implemented.

18. Furthermore, it is important to point out that while policies aimed at acceleratiregg
development and commercialization of promising biofuel technologies, with potential for cost
competitive advantages, are legitimate in initial stages, these policies should be well reasoned,
not disproportionately costly and of limited duratiofror any type of biofuel, commercial
sustainability in the long term must be based on the ability of the technology to ultimately
survive and compete on its own merifsi.e. possessing standlone overall cost
competitiveness without subsidies or incentives farng it over other similatuse commercially
available fuels taking into account, of course, an appropriate allocation for @@issions
reduction.
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19. Nonetheless, given the range and strength of applicable subsidies antives® most,

if not all, curret, first generation biofuel production targets established by OECD countries
appear to be achievable, and may be exceeded in the medium.terfut with a few
exceptions, such as sugarcane biofuel from Brazil, the ambidargets are certainly not
sustanable over the long term with current generation biofuel&or next generation biofuels
currently being researched and developed, establishing firm targets is premature; they may be
considered only after careful evaluation against ldegn sustainability.

20. Establishing strong and ambitious targets before ensuring sustainability (as was the
case for most first generation biofuels in OECD countries) appears to have added to
uncertainty of supplyacross the range of liquid hydrocarbon fuel$his has incre&sl energy
security risk in the mediurp-long term, as oil producers become more reluctant to commit to
making timely investments on the assumption that biofuel targets are likely to be achieved. No
serious studies are available yet to allow quantitatimedepth assessment of such risk. But
given that the ambitious targetsstablishedfor the share of biofuel appear to be exaggerated
and not likely to baunsustainable over the long ternthis risk may actually be less acute than
was previously thought. Neertheless, it is safe to state thathis risk is real and would be
especially damaging once current world oil production spare capacity is reduced following the
economic recovery; apparently underway already and demand growthresumes

Conclusions:

Driven by policies aimed at enhancing energy security through the diversification of energy
sources, reducing greenhouse gas emissions and accelerating agricultural develofitaent,
production and use of biofuels have increased rapidly in recent yedrise® developments
have outpaced our understanding of the potential impact of biofuels on the environment,
sustainable utilization of natural resources and food secuWith the exception of sugarcane
ethanol in Brazil, all secalled first generation biofued have experienced some problems and
revealed drawbacksvhich had not been predicted or emphasized in the initial enthusiasm.
Yet, notwithstanding the significant slowdown of growth during 2009, projections indicate that
biofuel productiongrowth is set taresume its prefinancial crisis course as of 2010, and is likely
to meet, and possibly exceed established targets over the medium term.

Therefore, here isan urgent need to review existing biofuel policies and their
associated targets in an internatia contextin order to avoid environmental and economic
mistakes, to protect the poor and improve food security while ensuring sustainal3btying
strong and ambitious targets before ensuring sustainabilitgs has beerthe case for most
first generation biofuels adds to uncertainty of supply which would increase market
volatility in the medium term. This in turn would increase energy security risk rather than
improve it.

13



Many countries have commissioned studies to assess the sustalitabof current
biofuel strategies and policiessome countries have already introduced significant changes to
their strategies and polies, including lowering targets and/or slowing dotin@ gowth rates
to reach targts. These studies and othefsom national and nternational R&D centers and
organizationsare addressinghe development ofcriteria for assessing sustaibility, such as
standardizingcomprehensive LCA, establishing limits on land change and/or use for biofuel
production, etc.

Next generation biofués currently under development hold much better promidaut
require extensive R&D to overcome scientific and technical barriers, and to ensure
sustainability. Production of any type of biofuel will involve traafts among the multi
dimensional aspects obustainability. No doubt some biofuels are likely to contribute
significantly to the future world mix of liquid transportation fuelsjt establishing firm targets
for such promising next generation biofuels is prematuamd shouldbe considered only after
careful evaluation against lortigrm sustainability In any case, futurebiofuel production and
use should meet severassential crieria: it should result in significant GHG savings compared
to fossil fuels; rely on environmentally sound agriculturall émrestry management systems for
production of feedstock; preserve biodiversity and cultural heritage; be socially inclusive; and
integrate with food, feed and other biomass use sectors. Finalshould contribute positively
to overall landuse. With ery few exceptions, this is not the caseday.
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Introduction

High economic growth, underway for several decades in most developing countries across the
globe, has resulted in robust demand for various energy sotirédegreater need for mobility

andpe LIt SAQ | aLIANIGA2ya F2NJ AYLINPGSR fAQGAy3d O2y
for increasing primary oil demand, which gojected, according to most recent energy
G2dzif 221 a¢é¢ 0@ ,thKsS bylaBolt 1.09% per yhar, @eAchiagproximaely 105

million barrels per day (mb/d) leviel 2030.

The transport sector, in particular, relies almost entirely on oil supplies for fuel. Several factors
includingenergy price increasesicreasednarket volatility, in particular during 2008 and 2009
heavy dependence of many countries on imported oil; lingering debate abouiltimate size

of remaining recoverable fossil fuel reserves; and, not least, growing concerns about the
environmental impact of fossil fuelsagehave provided the impetus fothe current strong
interest in and support forbiofuels in many parts of the world. The contribution of biofuels as
an alternative energy source is currently very smillt this may chang should the high
growth rates of the last few years be susigd in the coming years and decades.

Because biofuels are seen as a clean alternative to fossil fuels, several countries have initiated
policies to provide generous government suppartbiofuel development and productiomA
number ofcountries have alsestablished aegulatory frameworkio promote and facilitae

the useof biofuelsin the domestic transportation sector. However, there are growing concerns
about the overall energy efficiency of different feedstocks, the life cycle environmental benefits
of biofuel production and use, the economic rationale of these alternative sources of energy,
and the implications for food security and prices. Considering that most of the present
generation of biofuels use agricultural commodities such as sugarcaner begt, maize,
wheat, barley, rapeseed, soybean, palm oil, and casaav¥aedstocksany developments in the
biofuel sector¢ and formulation of government policies promoting thegrare bound to have
considerable impact on agricultural production, availidy and food prices. Thi turn, raises
important questions about food security and poverty across the globe.

This study is a synthesis of recent assessment reports on the status of biofuels and the
implications of their development. It provides arvayview of the global trends in biofuels
supply and demand, as well as review of thepolicies that are being implemented or
considered in major countries to promote current (first) and next generation biofuel
development. The study also discusses theepttl of biofuels to address energy security

®The slowdown of economic growth in 2008 and 2009, induced by the finamisial, credit crunch and recession
in OECD economies, appears to be transient for most of the «gpidth developing economies.
15



concerns and reduce greenhouse gas emissions, as well as the ongoing debate over the
implications of biofuel development on food security and rural development, biodiversity,
deforestation, water resources anar quality. It also assesses the status of next generation
technologies and their potential role in minimizing the sustainability problems associated with
first generation biofuels. The analysis points out remaining uncertainties and open questions
and oulines policy directions which can best promote the development of biofuels, while
addressing, among other concerns, those of oil producing and consuming countries.

This report follows the convention by which a figure is presented in the primary unitstegpo
by the source and its Mtoe equivalent is calculated and shown in brackets. In cases where the
primary unit was Mtoe, no conversion was made.
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1. Global trends irbiofuel supply and demand

1.1 Current production andhe medium- to long-term outlook

Global production of biofuels has been growing rapidly in recent yeaose than triplingfrom
about 18 billion litres(10 million tonnes of oil equivalenfMtoe}) in 2000 to aboutcO billion

litres (42 Mtoe) in 20(B. Supply islominated bybioethanol which accoungd for approximately

84% of total biofuel productionin 2008 Despite this exponential increase, biofuedsl|
represent a very small share of the global energy picture. Total biomass aeddant3.5% of

total primary energy supply in 20Q0according to the OPEC World Oil Outlo@PEC WOO
2009) with liquid biofuels accounting for about 0.28% of total energy demand and about 1.5%
of transport sector fuel use (IEA \WE2009)

Currently, production is concentrated in a small number of coest(iTable 1.1).0Qether he
US and Brazil account fabout 81%of total biofuel production and abou®1% of global
bioethanol production Since 2003he US has surpassed Brazil as the largest bioethanol
producer and consumeaccounting for 50% of globptoduction in 2008 (SCORB09. The EU
follows as the third major producer with.2%.In contrast about 67%of biodieselis produced

in the EYwhich is also the largest consumer, with Germany and Fraonginedaccounting
for 75% of total EU productioand 45% ofjlobalproduction.

Table 1.1: Biofueproduction in 2008 by country
billionlitres Bioethanol Biodiesel Totalbiofuels Sharein total

World 67.0 (32.8) |12.0 (9.49)]|79.0  (42.2)] 100.0%
us 340 (16.7) |20 (16)36.0  (18.2) 45.6%
Brazil 27.0 (13.2) |12 (09282  (14.2) 35.7%
EU 28  (14)|80 (6.3)|108 (7.6) 13.7%
China 19 (0.9)Jo.1 (0.1)]2.0 (1.0) 2.5%
Canada 09 (0.4)|o.1 (0.1) |10 (0.5) 1.3%
India 0.3  (0.1)}0.02 (0.0)]0.32 (0.2) 0.4%

Source: REN 21 (2008)ote: units are billiorlitres; Mtoe (in brackets) was calculate8hare in total is in volume
[Othercountries not namedin Table1.1 have acomhined 0.8%share of the world tota]
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According toa recent study byHarts Global Biofuels Center (Hart/GR009), globaldemand
for ethanol and biodiesedombinedis expected tmearlydouble between2009and 2015from
95.3 to 183.8 bhillion litres (50.5 to 100.8 Mtoe) (Tables 1.2a and 2b). BEhanol, while
accounting for 80% of thisitter figure, will onlyrepresent 12% to 14% of total global gasoline
demand. Although dobal ethanol supply generally matesidemand in 2009 and 201 is
expected toexceed it in 2015 reaching 168.6 billiotitres (82.6 Mtoe)compared toexpected
demand of 147.3 billiohitres (72.2 Mtoe)

Similarly biodiesel supply iprojectedto almostdouble by 2015reaching 94 billioritres (73.6
Mtoe), and will alscexceedthe estimated demand of 36 billiolitres (28.2 Mtoe)that year.

Hart/GBC estimates supply based on current capacity and projected capacity to be in place by
the 2015 time frame. Hart/GBCbased their demand figures on the assumption that policy
requirementsand targetswill be implementedand fulfilledand by using gasoline and ermad

diesel demand figures estimated in another Hart/GBC study.

Theapparentsupply/demand imbalance, according to Hart/GBC, wiltden care oby 2015
through some or all ofeveral expected routed) governments increasing blending limits; 2)
many proposed projects cancelled; 3) continued low utilization rates; anchaf)y existing
plants scrapped.

Interestingly, projected supply is well abotargeted demand, which increses uncertaint in
the motor fuels market and creates a disincentive to invest both the upstream and

downstreamof this domain

The sipply/demand mediumterm outlooks (2009, 2010 and 2015pr major ethanol and
biodiesel producers and consumers arensoarized inTables 1.2and1.2b.
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Table 1.2a: Globathanol mediumterm supply/demand outlook

billion liters 2009 2010 2015
Country Supply Demand Supply Demand Supply Demand

World * B83.4 (40.9)|82.2 (40.3)]|101.4 (45.7) |99.4 (48.7)|168.6 (82.6) |147.3 (72.2)
USA 424 (20.8)]42.4 (208)49.2 (24.1)]45.2 (24.1)|61.7 (30.2) |605 (29.6)
Brazil 27.5 (13.5)]22.0 (10.8))29.7 (14.6)|255 (12.7)|>4.0 (26.5) |47.2 (23.1})
EU 34  (17))4.8 (2.4) |44 (2.2} |6.0 (2.9)]6.0 (2.9)]5.2 (4.5)
China 31 (1.3)]8.5 (4.2) |3.4 (1.7} |B.8 (4.3)J]12.8 (6.3)]11.5 (5.8)
India 1.7 (0.8)]0.8 (0.4} |1.8 (0.5] |1.6 (0.8)]5.3 [4.6)]2.1 (1.0)
Indonesia 0.7 (03)Jo.18 (0a))2.2 (1.1} |0.6 (0.3)]6.5 (3.2)]11 (0.5)
Malaysia 0 0 0 0 0 0

Table 1.2b: Globdbiodiesel mediumterm supply/demand outlook

billion liters 2009 2010 2015
Country Supply Demand Supply Demand Supply Demand
World* 48.2 (37.7)|13.1 (10.3)]|59.6 (46.7) |18.3 (14.3)|94.4 (73.9) |36.5 (28.6)
USA 2.8 (2.2)|2.8 (2.2)13.1  (2.4)|3.1 (2.4)]8.4 (6.6) |8.4 (6.6)
Brazil** 29 (2.3)|1.0 (0.8)14.5 (3.5)]|1.8 (1.4)]6.0 (4.7)]2.1 (1.6)
EU 18.6 (14.6) 9.6 (7.5)121.5 (16.8)|12.8 (10.0)|28.1 (22.0)|16.1 (12.6)
China 53 (4.1) 0 6.3 (4.9) 0 11.5 (9.0)|3.5 (2.7)
India 1.8 (1.4) 0 20 (1.6) 0 42 (3.3))4.1 (3.2)
Indonesia 29 (2.3)]o.08 (0.1)|7.4 (5.8)|0.2 (0.2)]10.4 (8.1)]0.5 (0.4)
Malaysia 43 (3.4)]0.25 (0.2)]5.5 (4.3)]0.25 (0.2) J10.5 (8.2)f0.3 (0.2)

Source: HarGBC2009

Note: Lhits are billionlitres, Mtoe (in brackets) was callaed.

*World was calculated as the sum of regional supply/demand data providibe sbove source
**Petrobrashassetatarget of 0.8 billionlitres (0.6 Mtoe) per year by 201(Biodiesel magazinéugust 2006)

Overthe medium term, he US and Braale likely tocontinue to dominate ethanol supply and
demand. Howevertheir combined shareof production may decrease to 73%f the global
total, as the role of countries in thésiaPacific region, mainly China, India, Indonesia and
Malaysia, rapidly ineases. By 2015, tHatter region'stotal production couldrepresent about

22% of global supply.

With respect to biodiesel, the Eldassumedo continue dominaing consumption in 2009 and
2010 but its shareis alsoprojected todecreasefrom 60% to 40%dy 2015 as consumption in
AsiaPacific grows steadily. This region also captarsgnificant share of biodiesel production,
about 50%, by 2015. Table2cprovides a comparisobhetween theoutlooksfor biofuel supply

providedby HarfGBC EIA, and OPEC
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Table 1.2cComparison of mediurterm outlooks for biofuel supply

2007 2008 2009 2010 2015
Hart/GBC, billion liter/yr 1316 (78.6)|161 (96.4)[263 (156.5)
EIA, mb/d 1.1 (37.0) 19 (63.9)[2.8 (94.1)
OPEC,  mb/d 1343.7) [15 (50.4)[17 (57.1)[22 (74.0)

Source: Hart/GBC 2009, EIA 2009, OPEC WOO 2009.
Note: Units are shown in the leftolumn;Mtoe (in brackets) was calculated.

Lookingtoward the long term up to 2030, scenariowhich assume that declared targets to
promote biofuel developmenih major countries and regionsill be implemented show global
biofuel supply increasing to 189 Mtoe (a share of 7% of total transport fuel dentgr2()20
and to 295 Mtoe (a share of 10%y 2030.

The OPEC ®vld Oil Outlook (MO 2009 Reference Scenario projetist biofuel supplywill
total 2.9 mb/d (97.5 Mtoe)in 2020. The outlook assumes thgiven the concerns about the
sustainability ofbiofuels, and the impact on food pricestogether with the recent financial
crigs, global biofuel supply growtill slow in the medium term before picking up in 2015.
the 2009 WOO, glicy targets in both the OECD and developing countrieshateexpected to
be fully met. Biofuelconsumption in theEUis unlikely toexceed 66% dhe stated target of 0.9
mb/d (30.3 Mtoe)by 2020, while total biofuel supply in the WS projected toreachonly 1.2
mb/d (40.3 Mtoe) compared to a target of 2.3 mb/{77.3 Mtoe)by 2022.The 2009 WOO
assumes acond geneation biofuels will contribute modestly to biofuel supply after 2015.
Beyond 2020, global biofuel supply is projected to increase by about 2 (6B/2 Mtoe)during
the periodfrom 2020 t02030 reaching 4.7 mb/q158.0 Mtoe)in 2030.

In the IEA Wirld Enegy Outlook (VEQ 2009 450 Scenaripglobal biofuels consumption the

transport sector is projected to reach 123 Mtoe in 2020 and 278 Mtoe in 2038 sté&nario
assumeghat second generation biofuels (cellulosic ethanol afsthefTropschdieselsoured

from sustainably grown biomapwill account for the bulk of the increase in batie road and
aviationsectors becoming cheaper in the medium to long terBiofuelswould represent 7%
and 11% of road transport in 2020 and 2030 respectively and 1%86aifon fuel in 203 this

scenario

The2009EIA outlook projectthat total production of biofuelswill increag from 0.8 mb/d @7
Mtoe) in 2006 t03.9 mb/d @31.1 Mtog in 2020 and tdb.9 mb/d (98.3 Mtog in 2030 in the
reference case, an averag@mnual growth rate of 8% between 2006 and 2030. Two scenario

* Conversion factor from mb/d to Mtdgr is 33.617
®The 450 scenario assumes governments adopt commitments after 20igitehe long term concentration of
greenhouse gases in the atmosphere to 450 parts per million of carbon dioxide equivalent (ppeq)CO2
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variants werealsoexamined: a high and a low oil price case. In the low price case, only the least
expensive and most cosfffective feedstocks and production technologiesould be
competitive However, m the high price case, advanced production technologies become more
widely used raising Iofuels production in 2036 7.2 mb/d @42 Mtoe), compared to4.8 mb/d
(161.4 Mto9 in the low price caseln both cases, advanced generation technolsgiee
assumed tdbecome commercially available after 2012.

Table 1.3 provides a summary of four scenaand is presented in Figure 1The differences
observable in the projected share of total transport demamdy be explained by different
modellingapproaches and assumptions about the extent of implementation of stated biofuel
targets, development and the speed of market penetration of second/next generation
technologies.For example, the OFID/IIASBAR scenario and IEA WEO 4%@narios both
supposea very strong political will worldwide to combat climate change, whetea©PEC and
9L! aO0OSylFINAR2a INB.Y2NB daodzaAiySaa +a dzadz tb
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Table 1.3Comparison ofvarious biofuel longterm outlooks

2020 2030

Scenario Base year Demand Shareoftotal Demand Share of total
transport transport
demand demand
OFID/IIASA 2009 TAR (Consumption) Mtoe 244 2006 189 75 295 10%
OPEC WOO 2009 Ref {Supply) mb/d (Mtoe) | 1.3(43.7) 2008| 2.3 (97.5) 1.1% 4.7 (158) 6%
IEA WEO 2009 450 Scenario (Consumption) Mtoe 34 2007 123 4.8% 278 9.3%
EIA Outlook 2009 {Consumption) mb/d (Mtoe) | 0.8(27.0) 2006| 3.9 (131.1) 5.0% 5.9 (198.3) 6.5%

Source:OFID/IIASA 2009, OPEC WOO 2009, IEA EOA2009Notes units are shown in the first columMtoe
(in brackets) was calculated.

Figure 1.1 Comparison ofvarious biofuel longterm outlooks
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Source: Tabld.3above.
1.2 Land requiremerg

Demand for landhat can be cultivated fofood or anmal feed productionis rising a trend
which hasncreased pressure on land and othretated resources, such as watekn exparsion
of biofuels production would add substantiallyto this pressure as shown by a major study
commissioned by OFID and condeattby the Vienndased International Institute for Applied
Systems Analys(©FID/IIASA 2009)
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According tahe FAOdefinition (FAO 2008)total agricultural land area consists of arable land,
permanent crops and permanent pasture. Globally, arable laswbants for 28% of this area,
while permanent pasture accounts for most of the rest of the area, about 68%.

Currently, around 1.6 billiorhectares (ha)of land are estimated to be in use for crop
production, with nearly 1.0 billiorhaunder cultivation irdeveloping countries. The area of land
used for biofuels production is estimated to be about 1.6% of total cultivated land (OFID/IIASA
2009, mostly in Brazil and the USA. The potential for arable land expansion is mainly in South
America and Africawith relatively limited scope for expansion in Aswhere most of the
increase idemand for food is expected.

Biofuel expansion would requitgoth anincrease in agricultural productivity arath expansion

of land areain addition to thatwhich will berequired to meet increased demand for fo@hd
animal feed production This would increase pressure to convert permanent pastures and
forests particularly in developing countrie3his conversion of land for biofuel production will
result in extra GHG emissiongdue to carbon losses from vegetation and saihd pos a
potential risk to biodiversity.

The OFID/IIASA scenario estimated global growth in cultivated uaed for food and feed
production of 98million hectares (Mhapy 2020 and 14™Mha by 2030 compaed to 2000.
Biofuel production expansion will result in additional cultivated land use ranging fromhis
to 36 Mha in 2020 and 1®1ha to 44Mha in 2030 in different biofuel development scenarios,
with about two thirds of this expansionccurringin devdoping countries. Thes@creases
represent 20- 40% ofthe net total cultivated land expansion during the period 2@02020 and
15 ¢ 30% during the period 200@®030.

The impacts of thisxtraland requirement will be discussed in Chapter 4.
1.3 BiofuelTypes

Different biofuels types can be produced from biomass in a number of ways. Generally, biofuel
conversion technologies are categorized as first and second (next/agdargeneration
biofuels. Firstgenerationbiofuels, ethanol from sugar and starchyrops and biodiesel from
oilseed crops and animal faise wellestablished and simple conversion technologies. Second
(next) generation biofue|grom cellulosic biomass and algaese less proven technologiebhe

most common types of bioels are ethanband biodiesel. & aspects and requirements of the
main production technologiess well as useofeach are briefly described below.
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Ethanol

Ethanol is currently produced from sugar crops (sugarcane, sugar beet, sweet sorghum) or
starchy crops (cornwheat, cassava) through a process of fermentatol then distillation,
employingfirst generation technology. The basic production process of ethanol fromtigpts

of crop is similar. Howevethe energy requirement for starchased ethanol is sigmifantly

more than thatof sugarbased ethanol due to the additional process involved in converting
starches into sugar. Energy and GHG balances are, therefore, fanayarable for ethanol
production from sugar crops than from starch crops.

Production of ethanol from sugar cane results in a variety of-drgducts (ceproducts)
including bagasse, a residual fibre which is used as a primary fuel source for sugar mills.
According to the OFID/IIASA stu@FID/IIASA 2009)his makes a sugar mill more thanfsel
sufficient in energy, allowing sugarcahased ethanol to achieve energy balances ranging from
two to eight times more energy outputwhen compared to fossil use input. Often co
generation of heat and electricity is possible and surplus electricity easdid on to the
consumer electricity grid, thus offering an additional source of income. Surplus bagasse
industrial applications andanalsobe used as livestock feeBthanol production from starchy
crops produces highialue livestock feed and distif SNRE Q I NI Ay @

Ethanol can be used in blends of up to 10% in conventional spark ignition engines or in blends
of up to 100% in modified engines (thighe practiceonly in Brazjlother countries using high
blends go up to 85%). Though ethanol energyteonis 66% of that of gasoline, it hasigher

octane rating and, when mixed with gasolineethanol improves vehicle performancand
reduces CQ emissions. Ethanol also hasry low sulphur content, thus its use reduces 30
emissions, a component of acidin. On the other handethanol usecould increasenitrogen

oxide (NQ) emissionswhich play an important role ithe formation of ground ozone and acid

rain.

Next generation bioethanol is produced from cellulosic biom&slulosic feedstockan be
comprised of woody or herbaceous wastes from forestry and agricultun@unicipal solid
wastes and dedicated cropwhich include short term species (willow, poplagcalypt) and
perennial grasses (miscanthus, switch grassg production processor celulosic ethanolis
very difficult andcurrently there is no commerciabutput from this source thoughresearch is
ongoing An overview of the main features of these technologies is provided in Chapter 5.
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Biodiesel

Conventional diesel is produced fronmegetable oil and animal fat throughprocess known

as esterification. Mgor feedstocks are rapeseed, soybean, palm and jatropha. The production
process provides additional gooducts, typically bean cake, an animal feed, ahyterine
which can be usgin several industries.

Biodiesel can be blended with diesel or used in pure form in compression ignition engines
without engine or infrastructure modification. Its energy contenoidy about 88¢ 95% that of
diesel but the fuel economy of both areegerally comparable as biodiesel raighe cetané

level and improves lubricity (FAZD08). At the same time, biodiesel use reduces emissions of
particulate matter and C@®missions.

An advanced option in the production of synthetic biodiesel is thehEistropsch biodiesel
also known ad$-T diesebr biomassto liquid (BTL) biodieseh second generation technology
which is still under development.

A detailed review of ethanol and biodiesel production technologesailable in NRC 2009 and
IEA Bioenrgy 2008.

1.4 Policy measures affecting biofuel development

Several countries have adopted policies to promote liquid biofuel development led by the US,
the EU, Brazil, Canada, Australia and Japan. A growing number of developing countries such as
China,ndia, the Philippines and Thailarithve also started to introduce similar policies.

Government support measures for biofuels include mandates and targets, import tariffs, tax
incentives, direct production subsidies and R&D support.

Mandates andtargets
Blending mandates and targets for the use of biofuelsiaceeasinglybeing imposed in many
countries Table 1.4 and are key drivers in the growth of the biofuel industry.

/8L yS Aa L+ YSF&adZNB 2F Fdz$5fQa AIyArAidAazy RSfLeéeo | A3K OSi
as®ociated with diesel engines
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Table 1.4: Voluntary andhandatory targets for transport fuels in major courigs

Blending mandates Biofuel targets Volumes required per year
Bioethanol Biodiesel Biofuels total Bioethanol Biodiesel
Canada E5 by 2010 E2 by 2012
USA 20% by 2022 130 billion liters by 2022
EU Total 10% by 2020
Australia regional only
Japan 5% by 2030 6 billion liters by 2030
South Africa  |E8-E10 proposed B2-B5 proposed 4.5% biofuels
Brazil E22 to E25 exist. B5 by 2013
Columbia E10 existing B5 by 2008 2.5 billion liters by 2013
Peru E7.8 by 2010 B5 by 2010
China E10in 9 provinces 13 billion liters by 2020
India E10in 13 regions 2.3 billion liters by 2020
Indonesia
Malaysia B5 by 2008
Philippines E10 by 2011 B2 by 2011
Thailand E10 by 2007 3% share by 2011

Source UNEP 2009
Note: The numbers after E and B refer to the % blend by volume of the respective fuel. For example, E10 indicates
a blend of 10% ethanol and 90% gasoline; and B5 means a blend of 5% biodiesel and 95% diesel.

Tariffs
Many countriesapply tariffs to protect domestic agriculture and biofuel industries. With the
exception of Brazil, major ethanol producing countries apply significant tariffs (T&ble

Table 1.5 Appliedimport tariffs on ethanol in lectedcountries
Country Applied tariffs

Australia 5 % + AS 0.38143/liter
Brazil 0

Canada Can$ 0.0492/liter
Switzerland SwF 35/100 kg

us 2.5% + USS0.51/gallon
European Union |Euro 0.192/liter

Source: Steeriltk 2007

Taxincentives

Tax exemptions are the most widely used instruments to stimulate biofuel demand. The US was
one of the first countries in the OECD to implement ethanol fuel tax exemptions with the 1978
Energy Tax Act. Several other countries haugce followed with different forms of tax
exemptions.
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Subsidies andupport

Several countriegrovide investment incentives (grants, loans) and subsidiespromote
biofuel distribution, storage and use infrastructure. Flexible Fuel Vehicles (FF\&3@fteeing
promoted through various measuresuch as reduced registration fees and road taxes in
Sweden, tax incentives for vehicles capable of using higher blends of ethanol in Brazil
(OFID/IIASR009 and incentives for FFVs production in the US.

Reseach anddevelopment

Many biofuel producing countries fdnR&D for biofuel technology. Current funding is
particularly directed towards second generation biofuels, mainly cellulosic ethanol and biomass
to liquid biodiesel.Comprehensive and accurate daba the level of expenditure on biofuel
R&D are not available, but what is available from the EU Commission does iraticaterated
expenditure especially by industry. A recent EU repMiti¢senthal, T. et. al. 20Q9estimates

the total expenditure by Edountries, both public and privaién 2007 to & around 347million
Euros, with industr contributing the lion share €269 million Euros. When the lattdéigure is
comparedwith the estimate for 2005 of 50 million Euros, it is clear that, irrespectivéhef
inaccuracyand incompleteness of data, the field is witnessing phenomenal growth rate. R&D
intensity, measured as thproportion of R&D expenditure to total investment by the industry

in the sector, is reported to be around5%4 on the high side whe compared with other
sectors. The picture is similar in the WBere both publicand industry expenditure on biofuel
R&D and investmenhasexplodedin the last few years.

One proxy measurewhich demonstrateghe increased level oR&Dfunding in the USand
globally, is offered bythe noticeable increase in the number of biofuel technology patents. In
2007, biofuel patents dominated renewable energy, at least in terms of sheer numbers. Over
the last six years, a total of 2,796 biofuel related patemtye published, with the number
rising steeplypy over 150% in each of the past two yeassshown in Table 1(&amis and Joshi
2008.

Table 1.6 Biofuel patents from 2002¢ 2007

Year Number of Patents

2002 147
2003 271
2004 302
2005 391
2006 640
2007 1045

SourceKamis and Joshi 2008.

27



1.5 Costs, economic viability of biofuels

Liquid biofuels compete directly with gasoline and diesel. Givenrtiative size of energy
marketsin comparison withagricultural markets, energy prices tend to drive the prices of
biofuels and biofuel feedstockSince éedstocks account for the largeshare of total biofuel
production coststhe relative prices of agricultural feedstocks and fossil fuels will determine the
competitiveness of biofuels. The relationship diffeascording to crops, locations, and
technologies used in biofuel production.

According toan OECEFAOSstudy (2008) estimated average production costs of biofuels in
major producing countrigsusing different feedstocks are lowest for Brazilian sugarcane
ethanol. For this feedstock, reergy costs are negligible becauBeaziluses the sugacane ce
product, bagasseas aprocesduel. In Europe and the Uhis is not the case but revenues from
sellingother co-products offset some of the costs. The net production costavever, after
subtracting ceproduct valuesgstill remain lowes for Brazilian ethanol. ThO ECEFAOstudy

also found that Brazilian ethanol is the only biofuel which is consistently priced below its fossil
fuel equivalent. For all other biofuels, net production costs exceed the price of fossil fuels.

An earlier stdy bythe FAO found that Brazilian sugarcane was competitive at much lower
crude prices than other feedstocks and locatioR&\@ 2008) Another analysis by Tyner and
Taheripour (2007]referenced in FAO 2008jghlighted the importance of relative feedskx

and crude oil prices for the economic viability of the biofuel production system. This
relationship could shift over time in response to changes in energy and feedstock prices and
technological development. Economic viability could also be influencqubligy interventions.

With the exception of Brazilian sugarcane ethanol, first generation biofuels are not generally
competitive with fossil fuels without government suppo®ECD 2008

Tablesl.7a and 1.7lprovide recent compilations of production dedor ethanol and biodiesel
from different sourcesThese compilations are plotted in Figure 1.2a and Figure 1.2b.
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Table 1.7aProductioncosts forethanol, in main producing countries
Worldwatch Institute, OECD Directorate for Trade OECD-FAD,

2006 and Agriculture 2008
(euro/l Gasoline Eq.) (5 /1 Gasoline Eq.) (USS/IGE)
. 0.21-0.3
Ethanol from sugar cane (Brazil) 0.331 0.29
0.263 - 0.375 (USS/IGE)
0.33-0.52
Ethanol from corn [US) 0.437 0.75
0.413 - 0.65 (USS/IGE)
i 0.41- 0.66
Ethanol from grain (EU) 0.869 1.25
0.513 - 0.825 (USS/IGE)
Ethanol from sugar beet (EU) 0.848 0.5
0.66- 0.99
Ethanol from cellulose
0.825 - 1.24 (USS/IGE)

Source: Worldwatch Institute 2006déta extracted from graph)OECD 2008data extracted from graph)For
comparability, production costs are converted to gasoline/diesel equivalent by dividing production coditseper
of fuel by the energy content relative to gasoline and diesel (0.66 for ethanol, 0.89 for diesel)

Exchange ratelEo/$ = 1.25 in 2002006

Figure 1.2aMaximum production costs forethanol, in main producing countries

Ethanol from celluloze

Ethanol from sugar beet (EU)

B QOECD Directorate for Trade
and Agriculture

Ethanol from grain (EU) B Worldwatch Institute, 2006

QECD-FADQ, 2008
Ethanol from corn (US)

Ethanol from sugar cane
{Brazil)

USS/IGE
0.0 0.5 1.0 15

SourceTable 1.7a above.



Table 1.7b Productioncosts forbiodiesel,in main producing countries

Worldwatch Institute, 2006 OECD Directorate for Trade OECD-FAD, 2008

(eurofl Diesel Eq.) and Agriculture (UsS/IDE)
(5 /1 Diesel Eq.)

L 0.21-0.38
Biodiesel from waste grease (US,EU)
0.263 - 0.475 (US5/IDE)
0.33-0.62
Biodiesel from soybeans (US) 0.75
0.413 - 0.775 (USS/IDE)
o 0.33- 0.66
Biodiesel from rapeseed (EU) 1.75 1.75
0.413 - 0.825 (USS/IDE)

Source: Worldiatch Institute (2006), OECD 2008For comparability, production costs are converted to
gasoline/diesel equivalent by dividing production costs lieg of fuel by the energy content relative to gasoline
and diesel (0.66 for ethanol, 0.89 for diesel).

Exchange ratéuro/$ = 1.25 in 2002006

Figure 1.2bMlaximum production costs forbiodiesel in main producing countries
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QOECD-FAD, 2008
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- and Agriculture

B Worldwatch Institute, 2006
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Source Table 1.7b above.
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2. Energy Security

While energy security is a major driver for developing biofuels in consuming countries, the
documents uder review do not generally address the issue in detail, probably because, since
security itself is an externality, it is very difficult to put a value on a level of energy security so as
to internalize the costs. Any such analysis should make a distinbgtween the short term
(risks of supply disruption) and the longer term (energy balances).

2.1 Energy security in the short term: the challenge here is to overcome, without delay, the
impacts of a supply disruption, whatever the cause (hurricane, actimhea strait, pipeline
rupture, etc). In this case, the key feature of an emergency response is its immediate
availability, and it is obvious that biofuels are of little help, as the time lag between any decision
and the availability of products is measd in months or even years. In the short term, security
tools (on the supply side) are spare capacity and stocks, because they can provide immediate
deliveries.

2.2 Energy security in the long term: the key words are capacity, diversity and predictability

1 There is little doubt that biofuels contribute to increasing fuel productoapacity, at
least at first sight: the volumes which are produced add to those derived from fossil
fuels when the energy balance is positive, which is generally the casea(siee3T1)

1 Similarly, biofuels clearly contribute wiversity of sources and of resources: the raw
materials, the geographical areas, the processes, and the actors are all different. It can
be argued that, as long as the order of magnitude of the targetsaund 10%, it does
not make a big difference; on the other hand it should be recoghibkat this order of
magnitude is equivalent to the output of the largest single oil producers, Russia or Saudi
Arabia.

1 Today,predictability is a major drawback foribfuels, because most targets are very
ambitious and seem neither realistic nor sustainable. This results in an additional
uncertainty on the call on fossil fuels, in this case oil for the transportation sector,
already adversely affected by many other ttas such as economic growthnd
geopolitical issuesThere is aisk n sending a negative signa investment. As long as
biofuels policies continue to be viewed as neither realistic nor sustainable in the long
term, this risk of undemvestmentis lage (i.e. underinvestmenby major producers is
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very likely in response to larggemand uncertainty. This damages lorgrm energy
security, one of the main reasons for government policiesntentivize development
and deployment of biofuels.

When conditons are right for biofuels to contribute significantly and sustainably, (ivell

above say a 10% share) in the long term, as in the case of sugarcane ethanol in Brazil, then
energy security is truly improved. Thisagrrently not the case for most fat generation

biofuels in most countries.In the short to medium term, again, biofuels can only marginally
enhance energy security in individual countries as domestic harvests of feedstock crops for first
generation biofuels cameet only a small sharef the demand for transport fuels. There may

be a few exceptions, in addition to Brazil. According to the World Bank Development Report
OHnnyov: NBOSyYyld LINRP2SOGA2ya AYRAOFGS GKIFG don
ethanol by 2010, butit@ dzf R aGAff | OO02dzy i F2NJ f Saa GKIy vy
(World Bank 2008)Next generation biofuels hold better promise of wider improvement in

energy security, if developed and deployed after a careful assessment of their sustainability
(economic, environmental, etc.).
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3. Implications for greenhouse gd&HG)Emissions

Fossil energy balangthe ratio of energy contained in biofuels to the fossil energy used in their
productiongis usually taken as a measure fevaluaing the energy perfomance of different

biofuel productionpathways The balance ialsol
relative effectiveness in contributingp energy supphand can be indicative of it6HG emission

impact.

dza S T dz
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Studies of the fossil energy balanfoe different biofuels (summarized in Table Z&dd plotted

in Figure 3.1 indicate that their net contribution to energy supply can vawmdely. The
variations in atimated fossil energy balancescross feedstocks, fuels and for sem
feedstock/fuel commationst depend on feedstock productivity, agricultural production
processes and conversion technologies. The high fossil energy bakugarcane biofuel
reflects he use of a c@roduct, bagasséthe biomas residue from sugarcane) as anergy
input for its processing, as well as the feedst@down productivity. The range for
lignocellulosi€ feedstocks is even wider, reflecting the current uncertainties regarding this
technology and the diversity of potential feedstocks and production.

Table 3.1 Fossilenergy balances of different fuelpes

Fuel (feedstock) Fossil Energy Balance (approx.)

Ethanol (corn ) 13-18
Ethanol (wheat) 12-43
Ethanol (sugar cane) 2-83
Ethanol (sugar beet) 12-22
Biodiesel (rapeseed) 1.2-3.7
Biodiesel (palm oil) 8.7-9.7
Biodiesel (soybean) 14-34
Biodiesel (waste vegetable oil) 49-59
Cellulosic ethanol 2.6-35.7
Gasoline (crude oil) 0.8
Gasoline (tar sands) 0.7
Diesel (crude oil) 08-09

Source: Worldwatch Institute 200Balances for cellulosic biofuels are theoretical

" Lignoceliloses (cellulose, hemicellulgsand lignin) includes agrituti dzNJ £
wastegYstraw, stalks, leaves, wood) and dedicated energy crops (perennial: miscanthus, switchgrass; short term

species: willow, poplar).
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Figure 3.1 Fossikenergy balances of different fuel types
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Source Table 3.1 above

Biofuels are, in theory, carbareutral as their combustion releases the carbon dioxide that was
sequestered by the plant through photosynthediack into the atmosphere In addition,
growing biomass can increase soil carbon stdbkrefore,0 A 2 T dzS  afer retdiging SHG A | €
emissias is significant. However, emissions occur throughout the biofuel life cycle system:
duringthe harvesting, storage and transportation rafw mateial production,as well asluring

biofuel processingand finished productstorage, transportation, distriion, and use. In
addition, the possibility of generating qoduct$ could have implicatns for net GHG
emissions as tree areconsidered "avoided emissions". Thisssil energy balance is only one
determinant of the emissions impacts of biofuefertilizers and pesticides, soil treatment,
irrigation technology and land use change edsphave major impacts.

Most Life Cycle Assessment (LCA) studies for first generation technologies show net GHG
savings. The findings summarized in Table & preseied in Figure 3.2indicate variations
ranging from negative to significant improvements, depending on several factors. THuses

8 Coproducts include livestock feed (rapeseed cake, soybean meal), biomass (straws, bagasse) and industrial use
material (glycerin). Effective use of g@oducts significantly improves the energy and environmental performance
of the biofuels production system.
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include the type of technology used in productidhe process fuel used (natural gas, coal, oll,
renewable)in production the presence oabsenceof co-generation, the impact allocation and
fate of coproducts, and the agricultura&chnology (yield, use or absenceiofgation, etc.).

Some of the negative results for corn ethanol can be explaindtidoynconsistent excision of
co-productsfrom some of the studieand the use of old data. When consistent assumptions
are used, comparable results can be extrapolated. The energy mix is also important in
explaining some of the negative resulSor example, lie use of coahs a process fudias
clearly been shown téead to worsened GHG emission performance (Menichetti et. al, SCOPE
2009. This is the case for the negative impacts reported for sugarcane ethanol in the Gallagher
review. A combination of the above mentionedcfars also enter into play in the case of
soybean biodiesel.

Table 3.2 Estimated GHGavings of first generation ibfuels

Fuel (feedstock) SCOPE 2009 FAO 2008 Gallagher Review 2008

Ethanol (corn) -5 - 35% -28 -32%
Ethanol (wheat) 18 - 90% 12 -34% 12.5-41%
Ethanol (sugar cane) 70 -100% 68 - 89% -32-71%
Ethanol (sugar beet) 35-65% 38-59%
Biodiesel (rapeseed) 20-85% 38-59% 28 -47%

8 - 84%; 49 - 84% 25-65%

Biodiesel (palm oil) -868% w/rainforest conversion;
-2070% w/ peat forest conversion

Biodiesel (soybean) -17% - 110% 8- 66%
Biodiesel (sunflower) 35% - 110%
Biodiesel (tallow) -18% - 84%

Source: SCOPE 2009, FAO 2008, RFA 2008
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Figure3.2 Estimated GH@Gavings of ifst generation hofuels
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Source: Table 3.&bove.
Notes Whenbiodiesel (palm oilproduction is the result of raior peatforest conversion, the GHG savings (very
negative) are atside the range of this chart (as can be seen in Table 3.2)

Of all the feedstocks, results for sugarcane are thetrosoavergent. Most of the studies agree

that ethanol from sugarcane caprovide significant GHG reductionsvhen compared to
conventional gasoline. Emissions reducticen be higher than 100% due to credits for-co
products in the sugarcane industry. ThelBrA f Ay AYRdzZAGNR QA Y2@S
processing combining production of ethanol with other neemergy products and selling
surplus electricity to the national gridemonstrates thicounterintuitive dynamic

Though the results for sunflower biodiel indicate the highest improvements in GHG emissions
savings, the wide range of reported values introduces large uncertainties.

The main results for second generation biofuels, (Table 3.3) show considerable improvement in
GHG emissions.
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Table 3.3 Estmated GHGsavings of second generatioridiuels

Fuel & Feedstock SCOPE 2009 Gallagher Review 2008

Cellulosic ethanol (switchgrass) 88% - 98%

Cellulosic ethanol (poplar, switchgrass, forest residue) 10% - 102%

Cellulosic ethanol (wheat straw) 84% - 98%

Cellulosic ethanol (poplar) 70%

Cellulosic ethanol ( grass and wood) 65% 79 - 90%
Ethanol (various lignocellulose) 15% - 115%

FT Diesel (various lignocellulose) 28 - 200%

FT Diesel (residual wood) 80% - 96% 92 -96%
Biomethane (manure) 34% - 174%

Source SCOPE 2009, RFA 2008.

Most of the analyses have focused on,C@hile it is the major driver of global warming, other
gases such as methane (ldnd nitrous oxide (D) contribute significantlyN,O is a more
potent GHG,; it is almost 3@imes greater in its global warming potential than QOr an
equivalent mass). Those studies which have includgd Were based on the IPCC approach
(low emission factor foN,O)and may, therefore, have under&wated the importance of pD,
considering the high O fluxes associated with some biofuel systems such as corn and
rapeseed. One study (Crutzen et al 200&ferencedin RFA 2008¢oncluded that the IPCC
emissions factor for §D underestimates emissionsy a factor of 3 and 5. Other studies, though

not in agreement with those findings, acknowledged that the IPCC Tier 1 factor can, sometimes,
underestimate emissions from some feedstocks by, 50% (Gallagher revielRFA 2008)

The recent biofuels study byJNEP(UNEP 2009)points out that if those observations,
accountingfor the undeestimation of NO emissions, were corroborated, the results of many
LCAs would have to be reconsidered.

LCAs often do not include emissions from direct or indirect land haage (LUC) which is
associated with the scalingp of production required to meet the existing mandates for
production of liquid biofuelsThose emissions can be very large amdore importantly, even
worse as they take place early in the process, thusrgasing their impact on global warming
(an early emission of a ton of d®more harmful than a late one)

Direct LUC occurs through conversion of native ecosystems, such as grassland, forests and
peatland to energy crop lands, or through returning alslmmed croplands to production.
Indirect LUC can occur when existing food/feed cropland is diverted to energy crops, thus
inducing conversion of native ecosystems in another location to food/feed production to meet
total demand. These land conveses can lave substantial impacbon the GHG balances of
biofuels. Conversion of grassland to cultivated land can release 300 tons of carbon per hectare.
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When forestland is converted, 6@01000 tons of carbon per ha are emitted (OFID/I1R889).

If grown on abandoed, degraded or marginal land, biofuel crops would have positive net GHG
balances througlthe increa® insoil carbon stocks. However, if that land has the potential to
revert to forestand,conversion to biofuels represents a lost opportunity for carbtumage.

Complete assessment of emissions associated with LUC is a very complex and sometimes
difficult issue, due to many uncertainties aadack of data or knowledge&Such an assessment
would require an accounting of all emissions associated with tbiiél system includinghose

from: fertilizers technologies under development; the land categories that would be affected
(peat, pastures, forest, crop land, marginal land, etc.); the carbon stocks in those land
categories along with the rates of releasecarbon associated with land conversion; potential
carbon uptake rates in those land categories; the type of feedstocks; their yields and the likely
rates of change in future yields; quantitieshyfproducts(co-products) and their potential uses
(livedock feed, energy from sugarcane bagasse, etc.)

Recent studies have shown thtite conversion of landrom forest, grassland and abandoned
croplandto land for biofuelcrops not only leads to significant €@missions but can create
WOl Nb 2y R 8 seuetabhur@lréd ydats) (Fargione et al. 2008, Searchinger et al. 2008).
Carbon debt is the time required to compensdtw the CQ emissions resulting from the
conversion of a native ecosystem through savings in fuel production and use (2CTPE
OFID/IASA2009 Gallagher review (RFA 2008) When this issue is taken into account in
evaluating the GHG emissions reductions associated with biofuel feedstocks, such as palm oil,
the net result can be dramatically negative (SCQBUR reference to Beer et &007).

The OFID/IIASA study, using a general equilibrium model, showed that the estimated GHG
savings resulting from the expansion of biofuels can onlgxypected after 30 to 50 yearEor

the period from 2020 to 2030, net GHG balances are dominatedibon debts due to direct

and indirectLUC

The above discussignsupported by mounting evidence indicates that for most first
generation biofuels the net impact on GHG emissions reduction is small or marginal, and in
some casesclearlyunfavourable However, it would be irappropriate to generalize and apply
such conclusions to all sources of a particular type of biofuel, as the related net impact differs
according to feedstock, location, agricultural practice and conversion technology.

It is therefore, important that each biofuel p2 2 SO0 Q& R S JigideciddduponionlyLIt |y
after a comprehensive assessment of its total GHG balance, among other key fadsrs
considered with a need to improve and standardize the methodology of Life cycle
assessmerg (LCA)

38



Next generation biofuels should offer dramatically reduced litgcle GHG emissions relative
to fossil fuels, due to the higher energy yield per ha and the possibility of usingpmduct
plant waste for process energy (OFID/I1A3809).
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4. Other Impacts and Issues

The expansion of biofuels production may result in several other significant detrimental
impacts: the risk of food price increases and future competition for arable lawthich
threatens food security, especially for the very poar;iacreased risk of deforestation resulting
in biodiversity loss; pressure on water resources (especially in vgatece regions); the
degradation of water quality; and air pollution.

4.1 Food security and rural development

Food prices have risen sharphyrecent yearsmainly as a result of increased demand for cereal
and oil seeds for biofuels, low global food stocks, high oil and fertilizer prices and market
speculation. After four decades of mainly declining or flat trends, real food prices increased
64% by early 2008 from their 2002 levels (R2808).

Though high prices are not unusual in individual agricultural markets, the restearp increase
wasdistinguished by the fact that it affected all major food and feed commoditiesbatduse
those prcesmay remain high for austainedperiod (OECRQ FAO Agricultural Outlook 2008).

The implications of expanded biofuel production on lgagn food crop prices have been
analyzed in the recent OFID/IIASA study. The results indicated that if the andobioteels
targets in OECD countrieand some developing countriesvere realizedby 2020 with first
generation biofuels, crop prices would increase by around ,3@#ten compared with a
reference scenario without biofueldhis reinforces the conclusion &t the risk would be
serious if the share of biofuels in transport fuels increased dramatically, especially using first
generation biofuels.Employinga scenario of accelerated introduction of second generation
biofuels (cellulosic ethanol), the study indted that the price impacts on cereal crops in 2020
would be only half that, or around 15%. The pattern of price impacts in 2030 was found to be
similar. Summarizing the various analyzed scenarios, the study found that agricultural
commodity price changedependto a large extenton the share of first generation biofuels in

the mandated biofuel technology mix.

In developing countries, the impact on nopreal crops is found to be stronger than on cereal
crops due to highbiofuelstargets, the higher sire of biodieseland slower access to second
generation biofuels. The largest price increase of about 50% oaouragcoarse graingwhich
generally refers to cereal grains other than wheat and rice). Given the importance of corn as a
staple food crop inmany developing countries, particularly in Africa, this has serious
implications for food security. The price of protein feeds and livestock, however, weclthe
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by 30 to 40% in the case of protein feeiflcompared to the reference scenario. Thisasiged
by coproducts entering the market in large volumes.

Overall, the trend is for upward pressure on agricultural commodity prices, which will have
implications for food security and poverty levels. In the short term, it will negatively impact
food secuity at the national and household levels (FAO 2008). The study by FAO examined the
impacts of higher food prices on availability of, and access to, food at both these levels. It
indicates that higher prices will have negative impacts for net fioggorting developing
countries, especially for loimcome food-deficit countries. On &ouseholdevel, there will be
widespread negative impacts on food security. Particularly at risk are poor urban households
and poor net food buyers in rural areas who, accogdio empirical evidence, tend to be the
majority of rural poor.

In the longrun, the study concludes that growing biofuel demand and the rise in commodity
prices could provide opportunities for enhancing agricultural growth and rural development.
Like otrer commercial crops, biofuel crop cultivation does have the potential to stimulate
economic growth in poqgrdeveloping countries. Studies on s8hharan African countries have
concluded that commercial crops can help farmers get access to credits andasérpuvate
investment in distribution, retail and market infrastructure, as wellirmsiuman capital (FAO
2008. Thesedevelopments camprovide the conditions for farmers to boost their income and
increase food production on their land. The study, howevsotes the necessity of active
government support policies that promote smallholder participationwhile alsoaddresing
equity and genderssues Another study (Cotula et 82008 pointed to security of land tenure

as an important ingredient. Where ldrienure policies are not effectively applied, the spread
of commercial biofuel crop cultivation may result &nloss of access to lantbr poorer
households which could subsequently have a negative impactiocal food security and
economic growth.

Other studies, however, have challenged the efficacy of first generation biofuel crop
production in promoting agricultural diversification and fostering rural development in
developing countries.The OFID/IIASA study indicated that only modest benefits in rural
development would be achieved in developing countries. In fdet, agricultural sectorsn
developedcountries benefit relatively more thathose indeveloping countriesin terms of
percentage gain in value addesl; 8% in the former and only 3% in thedter, by 2030.

Largescale commercial production of second generation biofuel feedstocks in tropical
grasslands and woodlands offers better opportunities (OFID/IZ®S). Howeverto achieve
this potential,there would need to be effective mechanisrits new technology transfers to
and among developingountries as well aghe removal of subsidies and trade barriers (e,g.
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tariffs) that constrainbiofuel export opportunities indeveloping countries, both of which are
very unlikely.

4.2 Deforestation

The expansion of crop cultivation is a major contributor to deforestation. Forests, which play an
important role inboth the conservation of biodiversity and in mitigating global climate change,
FOO02dzyi F2NJ om: 2F (KS ¢ 2 adk maéforésis yare cleadd | @ 5 dzN.
than replanted (OFID/IIAS209). The FAO estimates the rate of global deforestationhe

1990s and beginning of this centyat 8¢ 9 Mha hectares per year (OFID/IIAZY9 and the

risk of this process accelerating inases with increased demand for food and energy crops.

One study (Ravindrath eal. in SCOPR009 showed that for a scenario of significantly
increased first generation biofuel production using jatropha and sugarcane, the total land
requirement in 2030 wuld account for 17% of current arable land, about 7% of permanent
pasture and about 24% of forest area. This scenario represents a land demand equivalent to
85% of ongoing deforestation. Oil palm is even more likely to replace forests since much of the
area suitable for its cultivation is covered with tropical for€See Table 3)2The IIASA analysis
indicates that during 200Q 2020 and 200@ 2030, biofuels feedstock use may be responsible
for up to 20 and 24 Mha, respectively, of additional deforésta The analysis suggests that
prolonged dependence on first generation crops for biofuels witicrease therisk of
deforestation.

The recent UNERUNEP 2009)eport underscoresthis risk andpoints out that two-thirds of
the current expansion of palmoil cultivation in Indonesia is based on the conversion of
rainforests. If that trend continued, it says, the total rainforest area of Indonesia would be
reduced by 29%when compared to 2003evels

4.3 Biodiversity

Biodiversity provides and maintains semtial ecosystem services to agriculture, including
nutrient cycling, regulation of pests and diseases, maintenance of soil fertility and water
retention.

Increased biofuel production could have negative impacts on biodiversity through habitat loss
following land conversions, agrochemical pollution and the dispersion of invasive species. The
degree of impact depends on the extent of associated land use changes and conversion, as well
as the type of biofuel stocks (SCa®B9 FAO 2008).
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Deforestation and onversion of grasslands and savannahs to biofuel cropscombination
with large-scale monocroppinghas the highest negative effect on biodiversitZonversion of
abandoned land and extensively used grasslands has lower biodiversity losses. Thecampact
be positiva through the restoration of degraded land when converted to biofuel production.

Pollution from fertilizers, pesticides used to control diseasesl herbicides used to suppress
weeds can also have a significant negative impact on biodivwer$his pollutioncan decrease
species richness of the soil and aquatic systems and change species composition. Moreover,
eutrophication caused by nutrient pollution leads to changes in biogenic habitat (e.g. coral
reefs) and the functioning of aquatic exystems.Though the impact is generally no different

from that associated with food crop productiont could be very high with largscale
production of certain biofuel crops, which are fertilizer and pesticide intensive, such as corn.

Second generationibfuels feedstocks, under minimum tillage systems and reduced fertilizer
input through recycling of bproducts, are in general resistant to pests and diseases and
would thus maintain biodiversity. However, some of the species under consideration as
feedstocks are known to be invasive, facilitating native species extinction, altering the
composition of biogenic habitat and changing ecosystem processes such as water filtration and
nutrient cycling. This raises concerns as to how to manage them and avaitenoed
consequences.

4.4 Water Resources

The cultivation of crops and biomass for food and energy requires large amounts of water.
Irrigation water withdrawals account for 70% of the total use of renewable water resources. By
2030, agricultural water witdrawals are projected to grow by 11% compared to 2000
(OFID/IIASR009).

At present, the water requirement for biofuels from food crops is modest compared to that of
food production. It is estimated that biofuel crops account fag 1.4% (FA@ SC®E) oftotal

crop evapdranspiratior? and about 1.7¢ 2% (SCOPEFAO) of total irrigation water in 2005.
Rapid expansion of biofuel production, however, would place an additional strain on water
supply. In some important agricultural areas, water is alreadyrsstcaining factor in food
production. With increasing food demand, those areas have little excess water and capacity for
large-scale biofuel production.

The water requirements of bfuel-derived energy are about 409700 times larger than other
energy surces such as fossil fuels, wind and solar. More than 90% of the water needed is used
in the production of feedstocks. A relatively small amount is used in processing. The impact of

® The sum of evaporation and plant transpiration¥fo 9 F NI K Q& &adzNFF OS (2 | (Y2aLKSNS
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processing on water resources is, therefore, less than that incurrédeiragricultural phase;
processing has other negative impacts due to potential chemical and thermal discharge into
aquatic systems from refineries and some wastgooducts.

Narrowing downfuture water demand for biofuels is difficult as several uncerta@mameters
come into play. These include the percentage of energy demand met by biofuels, which in turn
is driven by oil prices and the costs of other transportation alternatives, as well as policies and
economics; the choice of feedstock, depending omhtelogy development and political
direction; the location of the cultivation of biofuel feedstocks; and the projected scope of
increases in water productivity dhe primaryfeedstock cropsTherefore, he water demand
implicationsof large scale biofugbroduction remain uncertainlmpacts need to be evaluated

on a case by case basis (crop, land, region etc.).

Expansion of first generation biofuel production will have implications for water quality as well
as quantity. Severe water pollution carxcurdue to runoff from agricultural fields and from
waste produced during the production of biofueNitrogen contaminationfrom fertilizersor
eutrophication of surface water and ground watera major problem, particularlywith corn
cultivation.

A recent staly by UNERUNEP 20093uggests that water quality issues, from eutrophication
and acidification,have already lead to a significant environmehtdegradationin certain
regions.For example,in the Mississippi drainage basin, greater application of feeik and
subsequent ruroff from the MidWest corn acreage (increasingly grown for ethanol), has
affected not just the local environment (streams, rivers, lakes) but also the regional
environment (northern Gulf of Mexico)The UNEP studglso points outthat although many
biofuels cause higher environmental pressures than fossil fuefs than onethird of a
representative sample of LCAs on biofuels contained results that covered these i§haes.
study concludes that water in addition to land use chage, is one of the mostimportant
limiting factors to expansion of biofuel supply in the future.

hNBFYAO ¢l adsS FNRY (GKS &adzal NOFyS SGKIFy2f LINER
is used as a fertilizer. The high organic content of the vinasselyagpnsumes oxygen, severely

degrading water quality. The conversion of pastures and forests for feedstock production can
exacerbatehe runoff ofexcess nutrient into surface water.
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4.5 Air quality

The production and use of biofuels produce a rangemissions that have impagctsot only on
climate but also on air quality, with implications for human health and the environment. In
contrast to GHG emissions, air pollution impacts are regional and seasonal in nature, thus their
lifecycle assessmesaire markedly different.

The ar pollutants most commonly investigatedhere air qualityspecificallyis concernedare
Particulate Matter (PM), Nitrogen Oxides (BiQCarbon Monoxide (CO), Ozone)(Gulphur
oxides (S¢Q) and Volatile Organic Compound&OCs).

PMs are mainly associated withe combustion of fuels and have respiratory health effects.
Nitrogen oxides play an important role as a precursor in the atmospheric formation of ground
level ozone, PM and acid rain. Ground ozone, which is chéynfcamed in the atmosphere
through chemical reactions involving @O and VOCs in the presence of light, causes and
exacerbates respiratory problems and is associated with forest and agricultural degradation,
with important implications for food suppfChameides 1994 referenced in SCQEECh 10).

SQ, which contribute to PM and acid rain, are emitted from coal and crude oil combustion and
refinement, but are generally present in low quantities in biofuels.

VOCs are emitted from both anthropogenicdamatural sources and contribute to ozone
formation and PMs. Anthropogenic sources include combustion of fuels and gasoline
evaporation. In particular, ethanol vehicle emissions are high in certain VOCs that have adverse
health impacts.

Natural VOCs arengitted from all trees and planisncluding agricultural crops. These biogenic
VOC emissions are often very largdaen compared to those from anthropogenic sources,
especially in rural areas. Emissions differ according to plant type, temperature andTlgist.
changes in agriculture or vegetation cover will have implications for the level of VOC emissions.
In general, emissions from grass are less than those from woody plants, thus the conversion of
forest land to crop production tends to decrease VOC siuiis. Tree plantations of a number

of species considered for cellulosic ethanol or biodiesel (poplar, willow, oil palm) are significant
VOC emitters. In one study, VOC emissions were found to be four times higher over palm
plantations in South East Asiain over the natural forest (Nemitz et al. referenced in SCOPE
2009Ch. 10).
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Few studies have examined the air quality implications of biofuel use from a life cycle
perspective. One such analysis (Hess et al. SCOFE ipdixated that corn ethanol and
celulosic ethanol increase life cycle emissions relative to gasoline fuel. Given that energy
requirements for corn and cellulosic ethanol production and transport are higher tianof
petroleum, these results are expected. However, CO aantphuremissiors from low fraction
ethanol blends are shown to decreas€hus, as an oxygenated, lead free octane index
enhancer, ethanol contributes to reducing local car pollutiom another study (Hill, 2009),
cellulosic ethanol was found to decrease PM emissions. it impacts are therefore highly
uncertain for cellulosic ethanol.

One of the largest sources of PM amMD, from biofuel production comes from burning
sugarcane before harvest (to get rid of dead leaves and other biomass 'trash’). The Hess study
indicated that net air quality is severely impactég sugarcane ethanol productipeven if only

a small fraction of the harvested area is burned. This is of major concern given the rolg of NO
in ground ozone formation.

The biodiesel LCA, with allowance forpgroducts, suggests there is an improvement in air
guality in comparison to petrdiesel. However, given that the net impact of emissions is
dependent on base feedstock and the allocation ofpecoducts, the results are highly
uncertain. Other studies showaonsistent results for biodiesel.
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5. NextGenerationBiofuels

Next (second and thirdjenerationbiofuel technologiesare considered to offethe solution for

the sustainability problems associated witirst generation biofuels.Second generation
biofuels use cellulosic biomass whidhclude, herbaceous lignocellulosic species such as
miscanthus, switchgrass and reed canary grass (perennial crops) and trees such as poplar,
willow and eucalypt (short rotation crops)s well as forestry and agriculaliresidue Algae are

also being evaluated as a more promising advanced feedstock option in the distant future
(often referred to as third generation).

Feedstocks fosecondgeneration biofuelgienerallyproduce higher biomasgieldsper hectare

than mostfirst generation crop feedstocks (the exception being sugar cane crop feedstocks). In
addition to their fast growth and shotbtation characteristics, essentially the entire crop is
available as feedstock. Given their relatively high projected energyetsion efficiency (IEA
2008), second generations feedstocks are projected to have higher overall energy yields (Table
5.1a and Table 5.1b). Thegquire less tillage and chemical inpufey also allow a wide range

of land to be used for cultivatiomcluding degradedand marginal land, thereforeeducing or
avoiding the potential for land use competition with foaghd animal feedproduction.
However, some feedstocks are considered invaSifer potentially so) and thus could have
negative impacts on wateresources and biodiversity. Cellulosic biomass has lower handling
costs than first generation biofuel crops and is easier to store, given its resistance to
deterioration. On the other hand, it can often be bulky and thus require well developed and
costlytransportation infrastructure (FAO 2008).

% Specieshat areintroduced outside their native habitabuld spread and have negative impacts on native
biodiversity.
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Table 5.1a: Biofueyields for different first generation feedstocks and countries

Source: FAO 2008

Table 5.1b: Typicalields of second generation feedstocks
(using IEA Bioenergy typical biofuel yieltts forest residue)

Source: Worldwatchnstitute 2007: Biofuels for Transport: Global Potential and ImplicationsugaiBable Energy
& Agriculture;lEA Bioenergy

Second generation biofuels can also reduce-difele GHG emissions because of the &igh
energy yields per hectare and thmtential of leftover plants (mostly lignin) to be used as
process energyThe technology, howevers at an early stage of development. Substantial
technologcal and economic barriersmpede its commercial deploymenincluding high
production costs logistics and supply challenges. otlmer important barrier is the set of
agriculturalforestry sector changes needeto regularly supply the lignocellulosic feedstock
depend onchanges in agricultural management, as welpabcy changesboth of whichwill
take time to implement.
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