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EXECUTIVE SUMMARY

The main drivers for selting a 10% target for replacing transport fuels with biofuels are to save Greenhouse
gas (GHG), fo improve security-of supply in transport and to provide employment, especially in rura
areas. This analysis attempts to answer the question *will the EU biofuef policy achieve these objectives?”
and “would the benefits exceed the costs?*

Greenhouse Gas (GHG) Saving. Bicfuels produced from crops grown on unused arable land in the EU
generally save GHG compared to gascline and diesel. The fraction they save varies greatly, depending on the
processes and on what use is made of by-products. According to the WTW study (“Well-to-wheels analysis of
future automotive fuels and powertrains in the European context”), most EU commercial processes save
between 18 and 50% GHG. However, these results wili not apply if the aim is to substitute 10% of road-fuel by
biofuel, because most of the feedstock will not comne from otherwise-unused EU land: figures from a projection
by DG AGRI show that most of the bictuel will be made either directly from imports, from diverted £} exports,
or from crops which would otherwise be used for animal feed and feod in the EU and which would be replaced
by more imports (for example, palm ofi for feod replacing rapeseed oit diverted to biodissel). The increased
EL imports will add to werld agricultural commodity demand, and the reduced EU exports will detract from
world commeodity supply. The result will be increased agricultural production outside the EU.

The GHG emissions from extra-EU farming activity are much more uncertain and difficult to estimate than
those from EU production, especially the contribution of nitrous oxide emissions from fields. Furthermore, in
spite of increasing yields, it is likely that farming will expand into natural forest and grassland in some areas.
Then much of the stored carbon in the soil as well s in the standing biomass can be released as carbon
dioxide. Amongst imports, Brazilian ethanot from sugar cane is the one which most clearly saves GHG.
However, this requires that imports not increase so fast that the biosthanol is diverted from Brazilian market.
Research is underway to quantify indirect effects, but currently their uncertainty is too great to say
whether the EU 10% biofuels target will save GHG or not.

in terms of GHG reduction per ha of land it is substantially more efficient to use the biomass to generate
electricily than 1o produce conventionat biofugls. The efficiency of modern biomass burners is nearly as high
as fossil fuel burners, so in heating and electricity production, 1MJ biomass replaces about 0.85 MJ fossil
fuel. However, transforming biomass into liquid fuel for transport is typically only 30-40% efficient in energy
terms. 1 MJ biomass replaces only around 0.35-0.45MJ crude oil in the transport sector. Alsa, using biomass
to make matenals generatly saves more GHG than biofuels.

Security of Supply. Biofuels clearly banefit security of fransport-fuel supply. In case of shor-term supply
interruptions, 10% biofuel in the road fuel mix would reduce the impact of supply disruptions in that
proportion. One way of estimating the value of this benefit is to estimate the cost of increasing the size of the
EU's strategic fuel reserves fo provide the same degree of protection against a likely disruption in fossil fuel
supplies. The benefits of the security of supply provided can be calculated from the avoided costs of
an equivalent oil storage increase, which {within a wide error margin) is in the range 10-130 €ftae of
biofuels replacing oil. But this is an overestimate: the fact that EU Member States are not planning a
large oil storage projects means that society does not value security of supply as highly as this.

Employment. JRC used an input-output economic mode! of EU 1o evaluate the employment effects of the
proposed 10% biofuels target (compared to maintaining present bicfuels incentives). Importanily, the modet
takes into account the effects of the taxation needed to pay the biofuels subsidies. Job gains in agriculture
and biofuels industries were found to be largely offset by job losses in other sectors. The overali
employment increase came out to be of the order of 0.1% of EU employment. The net employment effects
can be considered neutral or ciose to neutral.

Cost-Benefit Analysis. The value of GHG saving was derived from the projected price of tradec emissions
certificates: 44€/tonne CO; eq. (range 30-80€/t after 2010). Security of supply benafits have been estimated
as above. The range of possible value for the employment benefit is -5 to +33 € per toe. The excess cost of
producing bicfuels aver that of convertionat fuels is estimated to be 120€/tonne, with a range between -40
and +300. In spite of the bread range of uncertainty for the input data, the overall result is clear: the cost
will aimast certainly outweigh the benefits, The decrease in welfare caused by imposing a biofuels
target is between 33 and 65 billion € {discounted present value) within an 80% probability range.

Conclusion. EU biomass resources are limited: they should be directed where they have the greatest
impact. The EU burns almest as much ol in stationary bumers (for heat and electricity) as it does in diesel
vehicles. Replacing stationary burners with ones using wood or energy crops saves more than twice as
much oil as the same biomass resources made into bicfuel, at Jower cost, and with existing technology.
Using the same EU resources of money and biomass, a significantly greater GHG savings could be
achieved by having only an overall target instead of a separate one for transport.
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1. INTRODUCTION

This report examines the question of biofusls use in Europe from the foliowing perspective:
1. What are the objectives of pursuing a biofuels programme?
2. Will a bicfuels programme achieve its objectives?
3. Wil the benefits of 2 biciuels programme exceed its cost?

The report starts with a description: of current and future biofyels technologies and a brief description of their
advantages and disadvartages, and follows with a description of the objectives of the biofuels programme.
Then the likefirood of meeting the objectives is considered, as are the costs of doing $0. The impact of the

programme on food prices is considered next, ang finally the results of a cost benefit analysis are presented.

2. WHAT ARE BIOFUELS?

2.1. Conventional Biofuels (1st generation)

Bioethanol is madg by Bioethanol is made by conventional fermentation and distilation of sugar and

conventional starch. in EU the main feed-stocks In EU are sugar beet, feed-wheat, barley and
fermentation and some maize. The by-product (“stillags” or “DDGS”) is usually used for animal feed.
distillation of sugar Tne reform of the sugar regime concentrates sugar beet procuction in the most
and starch efficient areas and allows expansicn of production there for ethanol. Bioathanol is

produced more cheaply in Brazil from sugar cane, and with a better green-house
gas (GHG} balance. In US bioethanol is produced from maize with & worse GHG

baiance,

Up to 5% ethanol can Higher blends (10 or perhaps 15%) require small car-modifications and dercgation
be blended in of hydrocarbon emissions limits. Blends deliver the same car-km for a given energy
gasoline without content as pure gasoline, but ethanol has a lower energy density. Ethanot-rich fuels
technical or emissions {85% or more of ethanol) require adapted engines, but can give improved engine
problems. efficiency.

Biodiesel is easiest to Biodiesel abeying fuet specifications is easiest to make from rapeseed (golza),
make from rapeseed which grows well in Europe. This is sepatated into oll and cake, which at present is
(colza), which grows used for animat feed. The oil is reacted with methanol fo preduce biodiesel
well in Europe. (rapeseed methyl ester, RME} and giycerine by-product, which temporarily has

prablems to find a market.

Rapeseed is already grown in most EU areas where it makes agro/ecenomic
sense, but there are limits due 1o rotation. According to [DG-AGRI 2007h), the
annuai projection of agricultural production in EU by DG.-AGR! to 2013, the
production of rapeseed in EU will only increase slowly despite much higher
demand: in fact increased EU oilseed production can only just keep pace with the
foreseen increase in food demand. Therefore EU rapeseed oil is being diverted
from the food market, 1o be replaced by imported oilseeds and oils, particularly the

cheaper palm oil.

It is possible to replace methanal by bicathanol to produce REE (rapeseed ethyl

ether),

The direct use of pure vegetable oil is not approved by car manufacturers as they

say it can form damaging deposits in the engine and fuel system.

Biodiesel has the Neste Oit Company recently intraduced “neXt” diesel, made by trealing vegetable
advantage over ofl with hydragen, to produce a pure hydrocarban diesel. The process itself is more
bicethanol that it expensive than the conventional (trans-esterification) biodiesel process, but it

repiaces diesel rather works on any vegetable cil or fat (e.g. paim o).
than gasoline.

Biodiesel has the advantage over bicethanal that it replaces diesel rather than

gasoline. EU is increasingly shorl of diesel: refineries must spend energy and

money o increase the ratio of diesel fo gasoline.

Making biogas from Compressed Biogas. Anaerobic digestion of wet manure (slurry) and organic
wastes  saves much waste from food-industry and municipal sources produces methane which, purified,
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greenfiouse gas.
However, ils best use is
not in transport

can replace natural gas, and be compressed for road fuel. The existing natural gas
grid would be used for distribution, except where the biogas plant is not on the grid.
However, the bicgas supply is limited by feedstock availability: the rargina source
of methane is still natural gas imports. Whichever methane is used for road-fuel,
the marginat effect is an increase of natural gas imperts. So the marginal GHG
benefit of running cars on gas from the grid is the same whether the gas originated
from bicgas or natural gas.

hMaking biogas itse!f saves GHG emissions because it avoids methane release from
stored manure, but it is more economic to use biogas locally, to generate electricity
and heat. This saves the cost of purification, distribution, compression, storage, and
vehicle modifications.

2.2. Second Generation Biofuels

Second generation
biofuels can be made
from almost any form
of biomass...

...but are stiil at the
pifot plant stage. ..

...and will not make a
significant contributior
o supply by 2020.

Also ifs inputs will be
imported to a large
extent...

Second generation biofuels can be made irom almost any form of biomass. If made
from forest- or crop-residues, they do not compete with food for feedstack.
However, if made from dedicated energy crops, they compete for land and water
resources. Some energy crops (switchgrass, poplar.) can be also grown (at
reduced yield) on present grassland. It is not known how much sci carbon would
be released by this change in land use. Much depends on ground cover and how
much soit is disturbed in planting.

Second generation processes are sfill at the pilot plant stage. They are complex
and very expensive, but can use cheaper feedstock. They emit iftle GHG because
they use biomass waste streams for process heat.

Thermocherical processes (‘biomass to Equids®, BTL) work by gasifying wood
then synthesizing road-fuel from the gas. The sub-unils (gasifier, gas separation,
Fischer-Tropsch synthesis,..) already exist in other industrial processes: they only
need integration. This means one can predict performance and cost, but scope for
future improvement is limited.

The cellulose-to-ethanol process (which best uses straw and wet biomass), is more
innovative. Technology breakthroughs are needed to make it competitive, and
these are unpredictable.

2nd generation biofuels will not be competitive by 2020, and will anyway use
mostly imported biomass. Techno-economic analysis [JEC 2007] indicates 2nd
generation biofuels will be much more expensive than first generation bicfuels.
Costs are dominated by investment cost of the plant. In order io asrive at overall
production costs competitive with first generation biofuels, one would have to
assume very significant ‘tearning” to reduce the capital cost by 2020. However
[JEC 2007] used detalled costings for fuli-size plant in series production, not for the
present pilot plants. Further reduction of these costs by learning wit not start until
after several plants have been built. Even if targeted high subsidies result in the
construction of several full-size pfars by 2020, the learning will not have an effect
entil after 2020. Therefore 2nd generation biofuels will be stll much more
expensive even than 1st generation cnes in 2020.

The latest authoritative study on EU wood supply! indicates that there will not be
enough wood available to meet both the renewable electricitylheat plans and the
needs of the existing wood industries. Therefore rather than forest scurces
contributing wood to 2nd generation biofusls, the electricity sector witl compete for
bicenergy crops preduced on agricuitural land.

The PRIMES model, used to estimate the energy mix in 2020, assumed a constant
cost for wood. By the time 2nd generation plants come on line, the more accessivle
EU wood will already be used in smaller district heating/electricity plants, so only
the most remote and expensive sources will still be available. JRC has generated
the first estimate of a cost-supply curve for energy-wood resources in £U (see
Appendix 2). This shows how the cost of wood rises as demand increases, and that
it wili be cheaper to import wood than exploit much of the assumed EU Supply.

! see the background paper for UNECE/FAO-Eurapean Forestry Commission joint policy forum Oct. 2007 at:
hitp:fwww unece.orgftrade/timber/docaic-sessions/ie-65/policyforum/documents htm

...and are likely to be
expensive.

2nd generation: plants are sophisticated and therefore expensive. They can only
hope 1o become commercial on very large scale: e.g. 1 GWih, To gather enough
wood without high transport costs, they have 1o be at a port. Then it would mostly
be cheaper to buy imporied wood (see Appendix 2), and also they will compete
with electricity sector

3. PRINCIPAL OBJECTIVES OF BIOFUELS DIRECTIVE
The principal objectives of the proposed biofuels programme are:

1. Greenhouse Gas Saving. The biofuels directive review argues that since GHG emissions in the
transport sector continue to grow whilst those in other sectors are shrinking, future emissions
reductions must specifically target the transport sector. Biofuels policy should respect other
environmental chjectives.

2. Security of Supply. Transport sector is almost completely dependent on imported crude oil. This
restricts the potential sources of supply, and makes supply susceptible to political instability. Biofueis

should help.

3. Employment. Biofuels are claimed fo bring economic benefits to EU because they increase
employmert, especially in rural areas, and to underdeveloped countries because they open new

export markets,

3.1. Greenhouse Gas Savings

3.1.1. Direct effects

If we ignore indirect
effects, biofuels
produced in Europe
generaily save
greenhouse gases

3.1.2. Indirect effects

But the more
ambitious biofuels
target...

...will result in
increased agricuttural
output cutside the EL,

if biofuels are from crops grown on unused arable land in EU, they generally save
seme GHG, according to most analysts including [JEC 2007] (see Appendix 1). The
emissions from making this category of biofuel we call “direct emissions”.. The
fraction they save varies greatly, depending on the processes, what use is made of
by-products, and the methodology used. JRC was responsible for the rigorous
methodoiogy and bicfuels data in the reference study for EU biofuels, according
which most EU commercial processes save between 18 and 50% GHG. Cther, iess
rigorous, methodologies may give mere favourable resuilts for some biofugls,

Since the amount of GHG which can be saved is not limited by the amount of
transport fuel there is to replace, this fraction is not useful for policy analysis.Better
measures are the GHG saved per hectare and the GHG saved per euro {see
section 4).

However, i crops which otherwise would be used for food or feed (inside EU or
exported) are instead used for bicfuels, the emissions in EU are unchanged, but
there are indirect emissions due to farming for food/feed which is displaced outside
Eu

Looking at direct effects alone was acceptable for low rates of biofuel substitution in
EU road fuel, when most of the extra craps for biofuels could come from production
cn set-aside or ather unused arable land in EU, but with the current more ambitious
10% target most of the EU biofuel feedstock will be removed from world commaodity
markets.

[DG-AGRI 2007] projection of the sources of biofuels for the (see Appendix 3) gives
figures which show that most feedstock witl be from:-

1. EU production diverted from exports
2. indirect imports, mostly to replace vegetable oils otherwise used for food
3. Direct imports,



... which will give rise
o two additional kinds
of GHG emissions:

1. Annual emissions

2. One-off land use
change emissions

No-one has yet
estimated either of
thesea indirect
emissions in a
systematic way

There are only some
initial indications on
where in the world the
marginal production
will comne from.

Indirect annual
emissions may be
lower or higher than
equivalent production
in EU

However, emissions
due to indirect land
use change are much

Assuming that people do not change eating habits because of bicfuels, diverting
EU production from food or animal feed markets will result in increased food
imports. Together with directly imported feedstock, these will add to world food
demand, and the reduction in EU exports will detract from world food Supplyz. The
result will be increased agricultural production and emissions in the marginal food
and feed producing countries of the world, outside EU.

There are two sorts of indirect farming ernissions: indirect annual emissions and
emissions due to indirect land use change.

Indirect annual emissions are due to fuel and fertilizer use as weit as the change
in nitrous oxide release from farm soils in the countries where the extra production
will take place.

Indirect land use change can lead 10 extra GHG emissions if the area of arable
iand in countries outside EU is increased in order to provide the extra crops needed
as a result of EU bicfuels poficy. This is because part of the carbon stored in
undisturbed natural soils and forests or is released as carbon dioxide if the land is
cleared and the soit disturbed,
Research is underway to estimate the size and location of these effects, but full
resuits are not yet available. First, one needs a global model of world agricultural
markets and possibilities for expansion of production. This will show in which areas
the expansion of production will take place. Then one needs to estimate:
1. the annual farming emissions {per unii of preduction) in each of these
areas
2. the characteristics of the land which would be converied, and how much
carbon would be released as a result.

10% replacement of EU diesel by conventional biodiesel would account for ~19% of
worid vegetable oil production in 2020, At the same time 10% replacement of EU
gasoline by bioethano!l would use apout 2.5%° of the world's cereals proguction.
Initial results of different global agronomic models of the effect of expanding
demand for biofuels are quite inconsistent. Increasing yields means the total arable
area will not change much, but there wilf be increases in marginal producer
countries. The largest increase in crop area resulting from either bioethanol or
biodiesel expansion wouid seem to be soybeans in Brazil. A detailed GIS study
shows that this is encroaching on rainforest and “refutes the claim that agricultural
intengification does not lead to new deforestation” {Morton 2006]. Expanding
bicdiesel wou d aiso cause expansion of palm oil production, principally in Malaysia
and Indonesia®. If ethanol is imported from Brazil, sugar cane area will alsc expand.

These preliminary model results include expected increases in yield but may have
underestimated the potential to re-activate disused arable land, especially in ex-
USSR,

The annual farming emissions attributable to soy-bean oif are ungertain®, but
probably comparable to those for rapeseed cii in £U, whilst those for palm oil are
lower in the best cases. Brazilian sugar cane production also has relatively modest
greenhouse gas emissions. On the other hand, marginal rapeseed and cereals
production in Austratia emits roughly twice the GHG per tonne for EU production
[Mortimer 2006). This is due mainly to the energy used for irrigation, and lower
yields, teading to more fractor-km per tonne of crops. We also know from studies
of corn-ethanal that US corn emissions are higher than EU wheat.

Disturbing natural soit or applying fertiizer provides air and nutrients for microbes to
oxidize stored organic matter in the soil i CO,. The release happens once, within a
few years of the land use change, but can be very large. Unforiunately, abandoning

2 The imports to EU may be a different from the EU crop which is diverted to bicluels: for example, EU feed-wheat diverted from animal feed

use 0 bicethanol would be replaced by imparted wheat, maize, barley and manioc, and (in concentrated form) meat.

3 Taking into account use of animal-feed byproducts of biofuels production (following DG-AGRI).

4 Most of the increase in world foed production will come from increasing yields. Some countries face a dectine in arable
area in both baseline and biofuels scenario.

¢ . .because JRC’s sophisticated nitrous oxide emission model only applies to EU

more worying. ..

... there will not be
much land use
change in EU, but
if’'where it happens,
the emissions can he
significant

The indirect effect on
tropical peatfands is
critical.

Strong iocal
reguiation would be
neaded to prevent
GHG-damaging fand
use change.

Certification schemes
are not an instant
solufion.

arable land does not lead to a rapid increase in soil carbon.

in EU expansion of arable area is limited by present CAP rules, but it it occurred it
would be mostly onto permanent grassland. {JEC 2007} estimated that, according
1o current knowledge, this would give an initial emission of seit carbon which wouid
take roughly 20 to 110 {+/-50%!) vears to recover by the annual GHG saved using
the bicfuels produced on the same land. Similar results can be expected if there is
expansion of cereals or cilseed area in other temperate zones like US, Canada,
Argentina and Australia.

Peat land contains much more stored carbon. The press and NGOs have
highlighted the huge emssxons of soil carbon which result from pianting oil palms
on fropical peat- land® or from cutting the Amazonian rainforest, #t has been
estimated that ~27% of palm cit produced in Indonesia and Mataysia comes from
plantations on peat farest [Hooljer 2006}{Silvius 20071, if we believe the data on soil
C loss in these references, it is enough that only 1% (by order of magnitude) of EU
biofuels comes directly or indirectly from such plantations in order to negate all the
GHG savings from all EU biofuels,

In fact, there is plenty of scope for expanding paim oil production onto degraded
land and rubber tree plantations, without provoking loss of soil carbon, but this s
less productive and economic than cutiing fresh forest, sc local regulation needs to
be strong. There is a similar problem in Brazil, where soybean expansion is mostly
onto ranchland, and ranchers then cut rainforest, because ranching is still cheaper
than feeding their cattle en soybean-meal, which can be exporied.

Sugar cane expansion in Brazil would take place partly onto degraded pasture, but
mostly onto the natural Cerrado or onte ranch land which borders it. These land
use changes would not cause much release of soil carbon, but would possibly
affect biodiversity. This should need deeper analysis 6 be confirmed.

Certification schemes are being organized (the Round Table on Sustainable Paim
Cil and its soy-cit and sugar-cane eguivalents}. They will have a positive but
probably limited impact:-

1. Clearly certification must apply to impors for food as well as bicfuels,
otherwise the unsustainable product will just be displaced from fuel to foed
market.

2. Unless alf consuming countries adopt the cerlification scheme, the
uncertified production will be bought by non-participants.

3. The schemes wilt take fime to implement, and will exclude some present
producers, Therefore the volume of certified production will be much less
than the EU import requirement for food and bicdiesel for very many years.

4. Ceriification can only hope o encourage growth of sustainable production
by creating g price premium for certified materia, not to stop unsustainabie
practices by 2020.

But we do not even know the order-of-magnitude for this effect. It depends critically
on the policy and effectiveness of control by the world's marginal food and feed
producing rations. Certification schemes help, but cannot prevent the problem.

Indirect land use change could potentially release enough greenhouse gas to
negate the savings from conventional EU biofuels.

3.1.3. Nitrous oxide emissions

Nitrous oxide
emissions from farm
S0ils significantly
worsen GHG balance
of biofuels.

The most significant GHG emissions from farming are from making nitrogen
fertilizer {which are relatively well-knowr) and from nitrous oxide release from
farmed soils. These are important because N;O has nearly 300 times the global
warming potential of the same mass of CO,. {JEC 2008] results show that N20O
contribuies 15-60% of the GHG emissions from making biciuels on set-aside land
in EU, (i.e. not considering indirect effects).

& e.g. hitp/www areenpeace. org/international/pressireports/cooking-the-climate-full




Recent reports of
nitrous oxide release
attributed to biofuels
are probably
exaggerated.

JRC improved
eslimates of average
nitrous oxide
emissions for biofuels
crops in ELL

Thereis a
VARIATION of more
than 100x in N2C
emissions between
EU fields

Uncertainty in N2O
emissions outside EU
also means that we
do not know if the EU
biofuels programme
save GHG, if we
consider indirect
effects.

3.1.4. Conclusions

Recently Nobel laureate P.J. Cruzten et al. released a discussion paper which
mazkes a rather simple calculation {starting from what is known of N,O baiance in
the aimosphere) to show that the IPCC defaults underestimate N,O emissions from
global agriculture by a factor of 3 to 5. They conclude biofueis emit more GHG in
the formi of NpO than they save as CO, in fossil fuel. Reviewers noted that the
paper failed 1o consider several factors, which would reduce this estimate.
However, everyone agrees that there is a high degree of uncertainty in estimating
giobal nitrous oxide emissions from farming.

To reduce the enormous uncertainties in this top-down approach, for the JEC WTW
study [JEC 2007}, JRC made a sophisticated bottom-up estimate of nitrous oxide
emissions at 900G sites in EU 15, based on a soils chemistry model. # gives a
“snapshot” of N,C emissions each day in the year 20G0. Annual emissions per crop
were averaged”, giving an estimated uncertainty /n the EU average of = 30%°. The
ElU-average emissions were significantly higher (depending on the crop) than
wouid be simplistically estimated from IPCC defauli factors, but much less than
indicated by Crutzen et al.

In the JRC modef results, emissicns varied by a factor of more than 100 from one
EU wheat-field to another, depending firstly on the organic contert of the soil (the
conclusion is confirmed by field measuremenis). This means some fields wouid
produce far more GHG in the form of nitrous oxide than is saved by the biofuel they
preduce. However, it is no better to grow focd on those fields and grow biofuels
elsewhere. Rather, this is an indication of the GHG reductions which could be
achieved by redistributing agricultural production in EU according te soil type.

Qutside well-characterized areas like EU, the best one can do to estimate nitrous
oxide emissions is to use the default factors IPCC recommend for national GHG
inveniories, However the IPCC's range of uncertainty is greater than a factor 9, for
national averages. This means that if the indirect effect of displacement of food
production outside EU is taken into account, it is generally impossible to say if
biofuel saves GHG or not.

We described three large sources of uncertainty in the GHG effect of EU biofusls,
which are not quantified in biofuels directive impact assessment;-

1. uncertainty in soil carbon release from indirect land use change cutside EU
2. uncertainty in emissions of farming inputs indirectly caused outside EU
3. uncertainty in nitrous oxide emissions indirectly caused outside EU

Any one of these uncerlainties has the potential 1o negate GHG savings from the
10% biofuel target.

Most types of bicfuels can save GHG in the best circumsatances. However, the only major biofuels which we
can say with any confidence will save greenhouse gas (considering indirect effects) are bicethanol from sugar
cane from Brazil, compressed biogas and second generation biofuels. For 1% generation bicfuels made in EU
it is clear that the overall indirect emissions are potentially much worse thar the direct ones whilst they are

unlikely to be much better.

indirect land use change could potentially release enough greenhouse gas to negate the savings from
conventional EU biofuels. But we do not even know the order-of-magritude for this effect. It depernds
critically on the pclicy and effectiveness of contrel by the world’s marginal food and feed producing nations.
Certification schemes help, but cannot prevent the problem.

* under open review at http:l.'www.cosis.neb’membersfloumais.fdflanicle.php?paper=acpd-7—1 1191
8 now JRC is making another model capable of forecasting N20 implications of EU agricultural changes
8 Detaits are in [JEG 2007], WTT section of pp 31-33

DOES US CORN-ETHANOL CAUSE GLOBAL WARMING?

The debate over biofuels sustainability is often led by discussion of the large US com-ethancl programme.

in general, direct emissions from producing com-ethancl in US are higher than from biofuels in £U. This is because
the US uses more energy for irrigation, and more famming inputs, 1 support maize monoculture. A respected
metastudy {Farell 2006] concluded that despite some claims to the contrary, modern com-ethanol production: in US
does save a small fraction of the GHG of the gascline substituted.

However, [Farell 2006} used default values in IPCC guidelines to caleulate N20 emissions. The uncertainty
according to IPCC is considerably greater than the amount of GHG saved. So actually they cannot say for sure
whether direct emissions from corn ethanol are greater or less than those from gasaline.

Indirect emissions were net considered: increased US com production is targely at the expense of soybean, and the
compensating seybean production moves largely to Brazil, where it encroaches on ranchiand, which is partly reptaced
by cutting rainforest. ¥f this indirect effect were considered, even the central values of GHG saved would probably be
negative. Because of indirect emissions, US corn-ethanol is judaed more kikely than not to cause giobal warming.

3.2. Security of Supply

3.2.1. Estimating the value of security of supply

Exposure to imports
wouid be reduced.

Estimating the cost of
& precautionary
strategic fuel reserve
providing an equal
amount of fusl as the
proposed biofuels
programme, JRC
estimated that...

...EU produced
biofuels yield security
of supply benefits of
about €130/ toe

But this is probably an
overestimate. ...

Biodiesel reduces
crude oil requirements
more than bicethanol

Security of supply Is
better if the feedstock
is not imported

One of the advantages attributed io a biofuels programme is enhanced security of
supply, The reason why security of supply would be improved by a bicfuels
programme is that it would reduce the use of imported fossil fuels, thus diminishing
the percentage of the EU's fuel supply that wouid be subject to any disruption in the
supply of fossil fuels,

In principle it is not difficult 1o compute an upper bound on the estimated cost of
cbtaining an identical security of supply benefit by cther means. This equivalent
degree of security of supply enhancement can be achieved by holding a strategic
stock of fossit fuels that would provide, litre for litre, the same volume of fugl than
the biofuels programme at a time of supply disruption, for long enough allow for the
ramping up of a biofuels programme similar to the one proposed. Should fossil fuel
prices rise significantly in the future and stay high, bicfuel production would become
commercially viable and be produced spontaneously by the market. The size of the
equivalent strategic stock that would be able to filt such 2 gap has been estimated,
and cn the basis of the corresponding costs upper bound of the value of the
security of supply provided by the bicfuels programme can be calculated.

Assuming that the significant price increase could come any time between now and
fifteen years from now, and assuming further that it would take eight years to
recognize the problem and fully develop a2 biofuels industry thereafter, JRG
estimated in 2008 thai the security of supply benefit of bicfuels produced in Europe
is worth approximatety 11-13 cents/litre, or about €130 per toe.

I fact, this is probably an overestimate: the fact that £U in not planning a huge oil
storage project means that society does not vaiue security of supply as highiy as
this. Furthermore it does not consider fossil fuel use to make biofuels and the
insecurity of the bicfuel feedstock imports.

The proportion of diesel in the EL demand is greater than refineries can
economically supply, so EU exports gasoline to US. Bicethanal replaces gascling,
so it only increases exports and does not reduce crude EU crude cit requirement.
Conversely, 1toe marginal biodiesel reduces crude oil imports by roughly 2toe
because it also reduces gasoline exports. But a greater proportion of biodiesel wilt
be from imported feedstock...

The proportion of imports is analysed in note-to-the-file [DG AGRI 2007} which
projects the impact of the 10% biofuel target on ELI-27 agricultural markets and
tand use in 2020. The projection is based on the £5IM model, which calculates EU
agricuitural production, imports and prices as a function of crop demand. This
medel is reliadle, but resuits depend on input assumptions.

3.2.2. What % of biofuels would be effectively imports?

if we include indirect A “headling” from the note is that the share of imports will be 20%. However, if we
imports, 40% biofuels lock more closely we see that about an equal amount of feedstock comes from

would be imported.

“diversion of domestic use” (see Appendix 3). This means crop production which
would supply EU food and animal feed dernand if biofuels were not made. This
food would have to be imported. A good example is paim il this is cheaper than
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Without 2nd
generation biofusls,
>60% would be
effectively imported.

3.3, Employment

An Input-output mode!
of the EU was used to
trace the emplovrnent
effect of the bicfuels
programme.

The effects of price
changes and imports
were taken into
ACCoUNt.

The incremental cost
of biofueis production
was compensated
through taxation,

Many studies omit this
and thus overestimate
employment benefits

Even in the best of
casas the net
employment effect is
only 0.1% of EU
employment, which is
less than the margin
of error of the
methodology used.

rapeseed oil but less suitable for making biodiesel. Therefore instead of using palm
oil for making biodiesel, manufacturers prefer to buy rapeseed off the EU food
market, where it is replaced by palm off imports (n.b. palm oil is less healthy
because it has higher saturated fat). In the definition of the note-to-file, these
imports would not be counted as such,’

If we include indirect imports, the overall % of biofusl imported rises to over 40% (of
biodiesel feedstock, more than 50% would be imported), i we accept the inpug
assumptions of the modet,

i 2* generation bintuels do not make z significant cordribution by 2020, these
figures would rise to over 60% overall, and 80% of biodiesel. Another DG-AGRI
projection confirms that EU oilseed production will hardly keep pace with the
increasing focd demand, so effectively atl expansion of biodiesel production will be
met directly or indirectly by imports of feedstock,

Finally, we note that the DG-AGRI projection assumes that EU ethanol industry is
protected from cheaper imports from Brazit by tariff barriers. I§ WTO stops this, the
% of imports would rise even further.

Because of these added uncertainties, the sacurity of supply benefits of biofuels
were valued at 10-130 €ftoe.

The employment effects of a set of predetermined bicfuels penetration scenarios
were analysed with an approach based on input-output analysis. input-output
methods provide a relatively simple modelling framework that relates final demand
components to value added components through the interretations between all
sectors that constitute an economy.

The assumptions neaded to do the calculations were done on the basis of model
runs done by DG TREN and DG AGRI. On this basis changes in product prices
and their effects were considered. The share of imports in various induced proguct
flows were taken into account. This is the principal factor affecting the results, as
under high import scenarios employment losses were forecast to occur.

In all cases it was assumed that the additional cost of biofuels compared to fossit
transport fuels were compensated by fuel tax reductions, recoitected in turn from
private consumers through an increase of general taxation {and disposable income)
of equat amount to ensure government budget neutrality. (Other studies of biofuels
effect on employment often are NOT tax-neutral: increased government
expenditure uncompensated by taxation can be expected to increase employment).
Fuel prices at the filling station were consequently unaffected; however, the price of
agricultural products {for both energy and $ood uses) surged due to increased
dernand.

Agriculturat employment was shown to grow in all cases (e.g. 190 000 jobs), but
this was mostly compensated by losses elsewhere in the economy {e.g. 35 000 in
services, etc.). The mode! takes into account both the positive knock-on
employment effects in all economic sectors, as well as the negative empioyment
effects of taxes need to subsidize biofuels {many studies leave out this crucial
point). For further details see Appendix 4. The main effect of bicfuels is an
increase in employment in agriculture and biofuels offset by a decrease in
employment in other sectors. Obvicusly this benefits rurat areas but not urban
ones. Owverall employment effects were calculated to be modest in all cases
(roughly in the range +/~ 250,000 against a base of 200 million jebs in the EU25)
except the 100% imports case, in which more significant negative values were
calculated as a result of foregoing the whole chain of direct and indirect positive
effects assoclated with the production of biofuels. The main cenclusion is that
the net employment effects, under the technology and market assumptions
specified in the scenarios, are neutral or close to neutral.

10 The imported feed crops woudd not be the same as the ones used for biofuel: for example, some feed-wheat and barley
which went to make bioethanot would he replaced by manioc. Some of the food imports might be in the fom of meat.
However, animals have to eat also outside EU, so we can think of meat as a sort of concentrated animat feed import.
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4. COST OF GHG SAVING

The fraction of GHG Many studies estimate what fraction of greenhouse gas emission emissiens from
saved by biofueis is fossil road fuels are saved by using different biofuels instead. Even ignoring indirect
highly variable. .. effects and uncertainties in nitrous oxide emissions, the fraction is hugely variable

-..buf this is not a
useful parameter
anyway: we need to
know GHG savings
per € and ha.

GHG saving by
biofuels cost over 100
€ftonne COZeg

even for one type of biofuel and feedstock. It depends on the use of by-products,

the methodology adopted, the configuration of the processing plant and the fuel
used o heat the process. Studies agree that for direct emissions from EU
preduction the fraction is generally positive. [WEC 2007} gives a range of about -10
—to +70% GHG savings for bioethancl processes, 40-43% for rapeseed-biodiesel.
Brazilian cane-ethanc! and 2™ generation biofuels save more than 80% GHG.

Apart from needing to be positive, the fraction of GHG saved is also not a useful

parameter for policy-making: the amount of GHG EU can save is not limited by the
amount of road-fuel there is to substitute. Rather, it is limited by the money
available and perhaps {at a later stage) by the availabiiity of agriculturai and forest
fand. Thus the imporiant parameters are the GHG saved per euro and the GHG
saved per hectare of arable land (or per tonne of wood).

Fig. 1 combines the (relatively well-defined) direct emissions for pure EU
production with JRC's best estimate of biofuel preduction costs. We see that the
typical cost of saving one tonne of COZ equivalent of GHG in 2020 is well over
1C0€, for both first and second generation bicfuels, These costs depend on the
difference in production cost between biofuel and fossil fuel, so the results are
sensitive to oil and {eedstock prices, Considering indirect effects would most likesty
increase these costs by decreasing the tonnes of GHG saved.

cost of replacing diesel or gasoline (€/tonne)
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Fig. 1: Cost of reptacing fossil fuel and of reducing CO2 emissions

Biofuels genarally are
expensive fo produce;
therefore the cost of
avoiding CO2
emissions through
them is high,

Figure 1 shows the cost of replacing fessil road-fuel by EU-bicfuels made in
different ways and what this means in terms of GHG-saving cost (x-axis). Indirect
emissions are not considered. This graph by JRC uses the JEC-WTW
spreadsheets updated for latest projections of.crop prices in 2007", conservatively
adjusted for the market effects of the 10% policy and reduced to 2007-Eurcs. The
cheapest biofuels are potentially made by modifying existing paper/pulp mills,

11 From FAPRI, htip://www. fapri iastate.edu/outiook2007/ who make them for US congress
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because of synergies with the pulp process, but this cannot replace more than
about 0.7% of EU road-fuel. Furihermore, moditying paper mills in a simiar way to
produce bio-glectricity saves GHG even mare cheaply.

Other ways of saving This is much higher than alternative ways to save GHG, as ingicated by the cost of 5. EFFECT OF BIOFUELS ON AGRICULTURAL COMMODITY PRICES
GHG are much green certificates, where the cost has rarely exceeded 20 Eurftonne, and are not . . . . . N
cheaper, projected to reach anywhere near this value even by 2020. Therefore, justification Biofuels demand is The recent large increases in world crop prices are primarily caused by poor
for making biofuels from EU sources now rests on the basis of the additional riot the main cause of har_vesls. and s_econdly by fas_ter-thawexpected_mcreases i consumption. Th_e
benefits from security of supply and unemployment. recent food price main effect of biofuels is seen in the vegetable oil sector, especially rapeseed oil.
rises.

Other uses of
biomass save more
GHG per hectare.

Limited volumes of

Fig. 2 shows the amount of GHG (in tonnes CO2eq) that are saved by using one
hectare of arable land in different ways. Farming weood (or other energy crops)
and processing it to 2nd generation saves more GHG than conventional biofuels,
but not more than generating electricity, which is much cheaper than both.

Amongst imports, Brazilian ethanol from sugar cane is the one which most clearly

FPrice effects are easy
fo estimate by order of
magnitude.

Here the effects are exaggerated by the sudden increase in biodiesel profitability
caused by the oil price shock coupled with a delay in reducing the amount of
{detaxation) subsidy on bicfuels consumption.

10% 1% generaticn ethanol in EU gasoline would use, ~2.5% of world 2020
cereais’ That would cause a world cereals price change of at least 4%,
10% 1% generation biodiesel in EU diesel would use ~19% of world 2020 vegetable
oils, which would cause a world price change of at least +24%'®. Oilseed meals

selected imports saves GHG (even if potentially affecting bicdiversity). However, if £ increases is {used for animal feed) would suffer a price change of at least -24% %. Note: these
would be a cheaper imports from Brazil faster than the industry can expand there, the imports will price changes are compared to the case of no EU biofuels in 2020.
and more GHG- simply be diverted from the Brazilian market and so will not save any greenhouse Falls in real crop prices  The most respected projections of future prices come from FAPRI (for US
afficient solution for gas. in the baseline mask Congress} and OECD; they already include some demand from biofuels. The
transport fuels gains in crop prices due  effects of 10% EU biofuets compared to the prices in these projections depends on
to EU biofuels, what % biofuels is already assumed in the baseline projection. (for example, FAPR}
assume 4.2% biofuels in EU in 2017).
But if the rest of the in 2007 OECD projected significant falls in inflation-adjusted world crop prices by
worid also adopts 2020, whereas FAPRI projected a much gentler fall. {DG-AGRI 2007] bases its
20 ambitious bicfuels projection on OECD, se the rise in prices due to biofuels is partly masked by the
targets, the effect on overali fall in real prices in the backgroung projection. Of course, if the whole world
crop prices will be made ambitious bicfuels targets, the effect on prices would be possibly higher.
g 15 ] large.
g El by -
3 ° ~ Conventional biofuels 6. COST-BENEFIT ANALYSIS"
o
3 54 ; 6.1, Direct benefits
B H H The direct benefit of The direct benefit derived from using biofuels is its value as a propellant. It was
o ! i ‘ ! biofuels is its vaiue as assumed that this is equivalent to the benefit provided by the fossil fuel that i
a propellant.... displaces. But rather than estimating this benefit separately and then taking alsc
the cost of producing biofuels, the incrementat costs of producing biofuels, over and
5 - above the value of the displaced fossil fue!, was taken to be the net cost {o be offset
inst th iti i iGf mi her di low.
‘;\"\ dﬁ\ ‘,&\ & @ 2 g P F o against the additional benefits of a bicfuels programme, further discussed belo
& & & & F & O e L
& A R & & - 6.2, Cost of producing biofuels
\ob o v‘# & & oob\p d?\ o &
_,\u°° & & Fad * \f W & ...but it costs more to The detailed analysis undertaken to estimate the cost of producing bicfuels is not
A e & & s produce. .. detailed here. Capital, production and distribution costs and technical parameters
uob“’ of different biofuels pathways were taken from the TRIAS project. They are ¢close to
d the costs provided by the JRC/EUCAR/CONCAWE study "Well-to-wheel analysis of

Fig. 2: Annual GHG saved using 1 ha arable land with EU-average wheat yieid. The
coleured bars represent the spread between different processes as well as uncertainty.

future automotive fuels and power trains in the Furcpean context®, version 2b. The
feedback of increased biofuel demand on feedstock prices was assessed within the
PREMIA project, it inciuded estimations regarding expected technological change,
as welt as a consideration of the etfects of a bicfuels programme con the evolution of
feedstock prices.

¥ Or 15% of EU cereals, both based on extrapolation of FAPRI projected production for 2017

B Yhere is poor data on long-term area-response supply flexibilities, Conservatively, JRC used literature values of 0.8 for
cilseeds and 0.62 for cereals, but one coud argue for much lower values, and hence larger price effects, because much of
the extra preduction would nermally come §rom farmers switching production between oitseeds and cereas. This cannot
happen if production of both is increasing simultaneously. Demand is assumed inelastic (no change in eating patterns),

14 Based on a "Cost Berefit Analysis of Selected Biclugls Scenarios® by JRCAPTS (2006). This study was prepared as a contribution to
the inter-sarvice consuiltation on the review of the bioluels directive, and considered the scenarios that were congidered at the time of its
wiiting. DG TREN ¢hanged the scenario finally proposed after this study was wiitten, 0 ils conclusions do not penain exactly to the 10%
target proposed. The conciusions of the study would not change, however, i the calculations were 1o be repeated for that scenario.
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...by between -40 to
300 &TOE

The fact that producing biofuels is more expensive than producing conventicnal
fugls has been amply discussed in this report, so we will not repeat it. In our cost
benefit calculations we have estimated this additional cost to range between
-40 and 300 €/toe.

6.3. External benefits of biofuels production

Cost-benefit analysis
takes external costs
and benefits into
account,

GHG savings were
quantified through the
price of carbon...

...estimated at 44 €/T
CQy, ranging between
30 and 60 €T

Cost benefit analysis differs from straight financial or commerciat calculation in that
it also attempts to quantify cost and benefits that do not necessarily have a market
price. These are often calted external costs or external benefits, and in this case,
the reievant ones are

1. environmental benefits
2. employment benefits, and
3. security of supply benefits,

Environmental benefits of the various biofuel types and their alternatives have
beer: estimated largely through the quantification of their life cycle greenhouse gas
emission values, which is driven principally by the "price of carbon™™, given that it
would be inappropriate to attribute a higher berefit than the cost at which similar
reductions in emission gases can be achieved. This implies an overestimation of
the environmental benefits, at least for conventional biofuels, as some adverse
enviconmental effects are ignored. Nevertheless, external costs due to avoided
greenhouse gas emission are the dominant environmentat externality.

The “carbon price” used was obtained fro a POLES model simutation run, which
yielded a market price of 16 €/ t CO,, increasing to 35 and some 50 EUR/ t CO; by
2010 ad 2020, respectively. As this price resulis from an assumed CO, market that
does not include the transport sector — which is likely to have relatively high COQ»
avoidance costs ~ we increased the market price to 44 €T CO,, ranging between
30 and 60 €/T between 2010 and 2020,

6.4. Employment benefits

Employment benefits
are the difference
between the wage bili
of the newly created
Jjobs and the value of
what the unemployed
did before.

It was estimated at
between-5and 33 €
per TOE.

Employment benefits have been calculated assuming that some but not all of the
feed stocks for biofuel production would originate in Europe. We used estimates
provided by DG AGRI for this purpose. These scenarios varied in their assumplions
celative to both imports of biofuels and of their feed stocks, which has a bearing on
the number of jobs created.

The number of jobs created is not yet the employment benefit. That is the
difference between the wage earned by the newly employed worker and the vatue
to him of his previous activity {(another kind of work or leisure time). We had no data
for this difference, so we assumed it to be 50% of the wage earned.

To calcuiate the employment benefit we muitiplied the number of jobs estimated for
the various scenarios by the estimated average wage in EU and by 0.5. Taking into
account the data relative to alternative scenarios, and dividing this resuit by the
aumber of tons of oil equivalent biofuels produced, we obtained an estimate of the
employment benefit ranging between -5 and 33 € per TOE.

15 Market value of ©O; emission rights.
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6.5. The security of supply

...we should not pay
more for enhanced
security of supply than
the price at which a
similar level of
security of supply can
be obtained through
other means...

For ail EU production
of biofugls this is
about € 130 per toa.

But this is an
overestimate...

...and the likefihood of
imported feedstock
reduces jt further.

The security of supply benefit has been estimated on the basis on the rotion that
we should not pay more for enhanced security of supply than the price at which a
similar level of security of supply can be obtained through other means. The
estimate has been made on the basis of calculating the cost of buiding a
precautionaty stock of conventional fuel of a size such that it would provide the
same security of supply benefit as a programme to enhance biofuel production as
proposed.

The calcuiation is based on the costs of keeping the stocks, the expected duration
of ihe period during which the stocks need to be held, and the length of time it
wouid take to start a biofuels programme from the time it became financially feasible
{meaning that it could be competitive with fossil fuels withous subsidy) and the
tength of time it would take for it to ramp up to full capacity of production.

Because various biofuels scenarios had differing percentages of imports of both
bicfuels and their feed stocks, we used a range of values in the calculation of up to
€130 per toe. Itis very important to add that this is an upper bound estimate of this
benefit because it is the cost of obtaining equivalent security, but not necessarily the
optimal level of security.

The fact that actual precautionary stocks of fuel held by Member States are
relatively smail woutd indicate that they do not value security of supply as highly as
these values imply.

Furthermore, the fact that producing biofuels reguires the use of fossil fuel based
energy and the fact that there will be significant imports of both bicfuels and of their
feed-stocks reduces this benefit further, We have estimated it to lie between 10
and € 130 per toe,

6.6. Discounting future benefits

Discount rate 2%

Because costs and benefits incurred at different points in time are not direcily
comparable, the cost benefit analysis results have been converted 10 net present
values using a discount rate of 2%.
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6.7. Treating uncertainty

Cost benefit analysis
requires making
projections of future
values...

...which cannot be
made with precision.

Therefore most key
assumptions were
represented with
probability
distributions refiecting
& fot of uncertainty...

...and the resuits
were derived using
Monte Carlo
Simulation.

6.8. Conclusions

Despite all the
uncertainty the
conclusion is very
solid: thereis
virtually no chance
of benefits
exceeding costs!

Finally it is worth mentioning that cost benefit analysis requires forecasts cf the
future to be made. The decision taken with respect o biofuels will have an
ecenomic and financial impact for many years to come, and will involve costs and
generate benefits, year afler year. For this reason decision makers have to know
the forecast consequences of the alternatives they consider.

Pertect forecasts are impossible fo make, given that we are trying to forecast the
future and the future is by nature inherently uncertain. We have quantified many of
the uncertainties involved in this anafysis trough probability distributions. A
sensitivity analysis performed showed that the single most critical assumption of the
analysis is the forecast of future crude cil prices. We have assusmed the foliowing
for 2020 (values are lower for eartier years).

oil price spot 2020 ’

Frobabiity
Aouantier

Many other assumptions were specified probabilistically as well, to ensure that ne
reasonable value of any parameter be left out of the realm of possible future
scenarios. The conclusions were derived through a process of Monte Carlo
simulation, which aggragates the effects of all those uncertainties.

Interestingly, while the level of uncertainty Is great, robust conclusions can be
derived nevertheless, This is because, over the overwhelming majority of the
uncertainty range, the basic conclusions will stand. The following chart depicts this
graphically and clearly. It shows the probability distributions of the external benefits
of security of supply, environmental benefit, employment benefit, and the excess
cost of producing bioethanol over the equivalent quantity of conventional fuel, at the
prices expected to prevail in 2020, It is obvious that the cost disadvantage of
biofuels is so great with respect to conventional fuels (at 1east in the mix
foreseen in the scenarios analysed), that even in the best of cases, they
exceed the value of the external benefits that can be achieved.
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The net welfare loss that even the best alternative considered by the original study
(2006) would impose on the taxpayers of Europe throughout time horizon 2007-
2020 ranges between 33 and 65 billion EUR with an 80% probability. The expected
values of these results are summarized as follows:

hiltion €
CO2 benefit 8,6
Employment bensfit ) 1,8
Security of supply benefit 8,0
Total indirect benefit 18,4
Production cost difference -58,7
Net benefit -38.,5
This magnitude suggests that a biciuels programme is not the best way to achisve

its stated objectives.
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7. CONCLUSIONS

7.1. Will the bicfuels programme achieve its objectives?
7.1.1, Greenhouse gas savings

It cannof be asserted The uncertainties of the indiract greenhouse effects, much of which would occur

that the net effect ouiside the EU, mean that it is impossible to say with certainty that the net GHG
would be positive effects of the biofuels programme wouid be positive.

7.1.2. Security of supply

There would be a The security of supply effect derives from the fact than with a 10% share of biofuals
positive effect, but its in transport the impact of a fossil fuel restriction would only have 90% of the effect
value is small that it otherwise would. This advantage is degraded by a number of factors,

compared to the costs however, fossil fuels are used in the production of many types of biofuels, which
iessens the protection afforded by the programme. Further, thers is a strong
imbatance in EU refinery capacity because diesel is demanded in proportions
above what the refineries can economically deliver. This makes the £U a net
exporter of gasoline (petrol). Consequently incremental production of ethanol will
result in increased gasoline exports, with no reductions in the quantity of crude that
needs to be refined. This is not true for biodiesel, however.

Fusther, biofuels and their feed stocks will also be imported, also creating a security
of supply issue, but presumably that would be weakly correfated with the risk of
fossil fuel disruption, hence it is not a very serious disadvantage.

7.1.3. Employment creation

The net employment Rural employment will benefit, but the taxation need for the subsidies will cause job
effect of the losses elsewhere. Overall employment effects were calculated to be modest in al
programme would be cases (roughly in the range +/- 250,000 against a base of 200 million jobs in the
insignificant EU25) except the 100% imports case, in which more significant negative values

were calculated. The main conclusion 1o be drawn form this exercise is that the net
employment effects, under the technology and market assumptions specified in the
scenarios, are newtral or close ta neutral.

7.2. Will the benefits of a biofuels programme exceed its cost?

The costs of using The cost disadvardage of biofuels is so great with respect to conventional fuels (at
bicfuels outweigh the least i the mix foreseen in the scenarios analysed), that even in the best of cases,
benefits of doing so. they exceed the value of the external benefits that can be achieved.

This is what explains the fact that despite a very large uncertainty regarding many
of the data needed to compute the cost-benefit anafysis, the conclusions can be
very robust and unequivocal. Even for the most favourable possible combination of
assumptions, the benefits fail to exceed the costs.

The net discounted welfare loss that even the best alternative considerad by the
original study (2006} would impose on the taxpayers of Europe throughout time
horizon 2007-2020 ranges between 33 and 65 billion EUR with an 80%

probability.
7.2. Recommendations
Biomass and money From an economic peint cf view, decisions on where o aliocate resources shouid
are limited resources be taken on the basis of “cpportunity cost": that is, comparing the effects of using

in EU. They shouid be resources in different ways. What the cost benefit analysis shows, is that there are
directed to where they better ways to achieve greenhouse gas savings and security of supply

give the greatest enhancements than to produce biofuels. And as expiained below, there are better

impact. uses for biomass in many cases.

The transport sector Electricity and heat can be easily generated from a variety of energy sources; solid

relies most on crude liguid and gas. However, in vehicles there is a farge advantage in having a liquid

oil for strong ltechnical fuel: cheap distribution, easy refuelling, dense storage, direct use in the engine.

reasons. Making transport fuel from coal or naturai gas costs energy and money. That is why
19

Biomass saves much
mere fossit fuel and
GHG emissions in
other sectors.

Much oil goes into
other sectors where it
can be replaced by
biomass much more
cheapiy and
efficiently.

The costs of EU
biofuels outweigh
the benefits.

Biomass should be
used where it is
most efficient.

transport continues to rely on crude cit, even though it is more expensive than other
fossil fuels.

The effigiency of modern bicmass burners is nearly as high as fossil fust burners,
50 in heating and electricity production, 10MJ biomass replaces about 0.95 MJ fossil
fuel. rHowever, transforming biomass into liquid fuel for transport is typically ondy
30-40% efficient in energy terms. This compares with ~93% efficiency in oil
refineries. Thus 1 MJ blomass replaces only around 0.35-0.45MJ crude oil in the
transport sector. Also, using blomass to make materials generally saves mare GHG
than biofuels.

40% of £U refinery products are used outside the transport sector, and EU burns
almost as much oil in stationary applications as it does in transpont diesel engines.
A unit of biomass saves mare than twice as much greenhouse gas substituting oil
in these applications than in transport sector.

Furthermere, stationary biomass burners are much cheaper than the sophisticated
plant needed to convert biomass into biofuels. This means that the cost of replacing
oil in these sectors must be much less than half that of biofuels.

The decision to specifically target GHG reductions in the transport sector
reduces the benefits which could be achieved in other ways with the same
EU resources, as the cost benefit analysis indicates,

Biomass is a very important resource that should be put to the best use that
local economic circumstances justify.

CAUTION

This analysis was developed at short notice based on existing knowledge at
JAC. It is not the end-report of an integrated study, but a patch-work of
information from on-going studies by JRC and others. There is neither space
nor opportunity to back every statement with an appropriate reference, as
one would wish for a peer-reviewed publication. As indicated in the text,
many uncertainties still need fo be reduced, and the scenarios are subject to
evolve in various directions.

The reserves and cautions concern the large introduction of bicfuels, but not
the increased use of farmed biomass and wastes for energy and materiais.
This will similarly benefit to the rural world, and will increase in a certain way
the security of supply, by lowering the demand for fossit energy in general
and heatingffuel oil in particular, lowering the pressure on oil prices, and
freeing up more oil for transport fuel, for which it has particular advantages.
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APPENDIX 1: GHG Savings of biofuels
JEC WTW report: download from http:/fies.jrc.cec.eu int/ WTW

Different life-cycle studies repert different GHG saved by biofuels. Results differ because of different
methodologies and assumptions on use of by-products. Most reports are nat fransparent enough to aliow
comparison or auditing. The JEC WTW report is
used as a reference by DGs and many others | Abbreviations in charts:

because it is comprehensive, transparent and has E;O::;:“;s

consistent rational methodology. JRC is responsible | pags -gisriter's dried grains with solubles® (= fermentation sledge)
for biofuels data and methodology. The report | AF Arimal Feed

evolves by reporting all input data and assumptions, | CC6T Combined-cycle Ges Turbine (an efficient electricity

and inviting stakeholders to suggest improvements o ;Tgﬁ;“fﬁfﬂ“m
H mbine T a 'ower
for the next version. RME Rapeseed methyl cther (bicdiesel from ropeseed)
Like most LCA studies, JEC-WTW does not yet | REERepesced ethyl ether (biodiesel from d and bioethanol))

include indirect effects; unlike most, it includes cost. S}YMETSW”‘“"”'““’ "““";‘ ether {biodigse! from sunflower)
L . o 1t e 3 Gly glycerine (by-product of biodiesel)
This is direct cost to "EUincorporated”, which does { 7270 WP
not include infernal subsidies or taxes, or INAIFECE | W weod: "woste® wood - forest residucs,
effects on GDP etc. . It includes all costs from well
{or field) to wheel. That includes the costof maintaining the distribution infrastruciure {but not the one-off cost
of building a new one}. Discount rate is 8%.

120% [ oFossilenergy savings A GHG emissions savings |
]
100%
L%
60% "‘}’:‘
J’ L ¥
40%
i
20% i{, -
% e
],
i e vy
0% - T
-20%
T A FO VRO - W O [
GConv, NG Lignite  Straw NG Sugar RME: RME:
Beder GT+CHP  CHP CHP GT+CHP cane gycerine giveerine

as  as animal

DEGE o amima! foad DOGS 1o hoat & powor chomical  fead

Whoat gran

Ethanol = Bio-diesel —

Fig. A1.1: JEC-WTW estimates of direct GHG saving and fossil-energy savings from replacing fossil fuel with
different biofuels. Indirect effects are not included. Results depend on plant configuration ard use of by-
products. Brazilian sugar cane is better because bagasse waste heats the process. Error bars represent
technical uncertainties, mainly from estimation of nitrous oxide amissions.
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biofuels are frem farming and processing. Untess lignite (brown coal) is used, the GHG balance is positive if

ne indirect effects are considered.
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APPENDIX 2: Cost-supply curves
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Fig. A2.1: Example of a cost-supply curve for energy-wood constructed by JRC on the basis of wood
availabilities from METLA ard cost data from various sources. As demand increases, the cost passes the
cost when imports will increase much more rapidly (schematic red curve). The maximum EU availability can
never be realized. The EU availability assumed in the renewable energies roadmap is off the top end of the
supply scale. The woed price assumed in PRIMES is constant.

The width of the stripes show the avadability from different sources: the order of stripes is not meaningful. The curve has
been endorsed as approximately correct in a consultation with leading U forestry expents.
ONLY 30% OF STRAW RESOURCE CAN LOGISTICALLY BE
BROUGHT TO LARGE PROCESSING PLANTS {120 MWth) FOR
TRANSPORT FUELS
Total available EU25 straw:
820 PJ

Number of 120 MW plants
logistically possible: 67

~230 PJ straw useable for
biofuels

~ 0.8% EU 2012 road-fuef as
lignoceliufosic ethanol

55 The rest could be used for:

« Smaller CHP piants
for electricity + heat

-Big-heat .
Fig. A2.2: In a GIS-based study JRG showed that only about one third EU excess straw can logistically and

economically be brought to large plants for processing. Industry experts say even this is optimistic. Such
considerations are not in the Renewable Energy roadmap,
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APPENDIX 3: inspection of DG-AGRI results
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Fig. A3.1, copied from [DG-AGRI 2007], shows where the feedstock for the 10% EU biofuels target is
expected to come from in 2020, assuming 30% is second generation.

The “diversion of domestic use” category is EU production which is used for biofuel but which would go to
other uses i there was no biofuel. In the case of bicdiesel, this is aimost all EU-rapeseed ofl which would
otherwise be used for focd. If we assume that people and animais do not eat less because of bicfuels
targets, this wouid be replaced by imported vegetable cil and cilseeds, especially palm ¢if. These are
therefore indirect imports which result from biodiesel production. |

in the case of cereals, “diversion of comestic use” is largely due to replacement of cereais for animat feed by
by-products from biofuel manufacture {DDGS from ethanol and oilseed cake from biodiesel); this does not
mean more imports.

The bottom “production (first)” blocks are first-generation bicfuels from EU production. In the case of cereals,
about haif of this comes frem production on set-aside land, some from intensification due to higher prices
and the rest from growing cereals on land formerly used for other crops (including fodder crops). The last

category would fead to more meat and feed imports, but since cereals vields are higher, the replacement is
less than 1:1.

If we add the indirect imports to the direct ones, for biodiesel the % imports {in this 30% 2™ generation
scenario} rises to about 50%, and to ~80% without the contribution from 2™ generation. For bicethanol, the
numbers are more difficult to estimate'®: with 30% 2™ generation total direct+indirect imports lie between 8
and 24%; without 2™ generation it is between 29 and 45%.

The overali directindirect imports are then 32-39% for 30% 2™ generation, and 56-64% withoui second
generation.

¥ pecause we do not know exactly how much of the “production 1 cereals come from land diverted from
growing other crops, and alse the ratio of yields between cereals and the alternative crops.
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APPENDIX 4: Employment Effects

The employment effects of a set of predetermined biofuels penetration scenarios were analysed with an
approach based on input-output analysis. Input-output methods provide a relatively simple modelling
framework that refates final demand components to value added components through the interreiations
between all sectors that constitute an economy. The analysis was conducted at the level of the whole FU-25
and the dataset was based on year 2001 national accounts, without attempting to produce a hypothetical
explicit representation of the EU economy in the year 2020, benchmark year for the bicfuels substitution
fargets.

The basic /O mode] was cemplemented with a number of extensions necessary to represent the variables
essential to determining the impact of the policy scenarios, including consumers' responses o prices and
income changes, and agricultural production constraints.

The main price and quantity parameters for the sectors energy and agriculture, including domesticfimported
feedstock shares, were caiculated separately with sectoral models {mainly PRIMES, by DG TREN, for energy
and ESIM, by DG AGRI, for agricuitural commodities); bicfuels substitution scenarios and bottom-up
technology/cost specifications for the production of tiofuels were provided by DG TREN.

In all cases it was assumed that the additional cost of biofuels compared to fossil transport fuels were
compensated by fuel tax reducticns, recollected in turn from private consumers through an increase of general
taxation (and disposable inceme) of equal amount fo ensure government budget neutrality. Fuel prices at the
filing station were consequently unaffected; however, the price of agricultural products (for both energy and
f00d uses) surged due to increased demand. it was further assumed that world crude cil price would drop by
~1-3% depending on the biofuels substitution rate and consequent crude demand reduction. Qi price was
fixed to 48 USD/bbL.

Total net employment effects may be described as the balance between ihe following employment
compenents: 1)Reduction in conventional fuel sectors; 2} Increase in biofuels sectors; 3) Increase in
the sectors producing the capital goods for bicfuels preduction beth in the EU production and for exports,
as the scenarios assumed export opportunities for those capital goods to arise for EU firms from increased
diffusion in the EU; 4} Increase in agriculture; 5) Overall decrease of production (and related empioyment)
due 1o reduced household disposable income. The model calculated the largest absciute emgloyment losses
in the service sectors, since specific employment gains are absent in the services, and the largest overall
empioyment base is in the services sectors. 6) Effects of price changes and ensuing changes in consumers'
expenditure, ’

Five different scenarios for biofuels penetration in year 2020 were analysed: Business as usual {(BAU): 6.9%
total biofuels share, mostly first generation, Maincase {MAIN): 14% total biofuels share, mostly first
generation, Biodiesel case (BIOD): 14% total biofuels share, of which 90% preduced in the EU and 80%
biodiesel, and two “extreme" scenarios: 100% Import case (S100IMP): 14% totai biofuels share, wilh alt
biofuels imported, and 100% 2™ generation case (S100SEC}) 14% total biciuels share, with all biciuels
produced in the EU being from 2nd generation processes

A series of sensitivity runs was also conducted on all scenarios to single out the effect of certain
assumptions/parameters; the sensitivity runs were specified as follows: Sensitivity run S1: total resuits
without exports of bicfuels technelogies; Sensitivity run S2: total results without crude oii price reductions;
Sensitivity run S3: total results without considering any price changes; Sensitivity run S4: total results with
vegetable oif price increase focked to the lower level experienced by oil seeds. This sensitivity case was
examined since the agricultural simulation model calculated by far the largest price changes (as high as
threefold increase in the MAIN scenarie) for vegetable oils.

Table 1 summarises the results in thousand people employed expressed as full time job equivalents, as a
difference with respect to a hypothetical reference scenario in which biofuels are absent. Sectoral resuils are
aggregated to 8 macre sectors {AGRICULTURE; ENERGY including the power sector; FOOD; INDUSTRY
including the production of capital goods for fugl preduction; SERVICES; TRANSPORT secters; conventional
petroi and diesel FUELS; BIOFUELS) for the base simuiation case as well as total variations for the different
sensitivity runs.
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Macro sectors

AGRICULTURE _[..156421 192.367

ENERGY | 3818 -13.857

...... 14.456

..oBAey | 22152

.....51219 3498

.....018.284

L....220.830)

BIOFUELS 16,635, 45731

[FOT base 105,114 144.49§)

TOT $1 76.7260 . 111.308) ! -500.571

[FOT 52 12519 32207 235011 -660.04 -78.852)
[FOT 53 101096 48394  -261.594]  -669.948 -78.852
[FOT 54 199639  252.271 96.855]  -500.571 98178

Overall employment effects were calculated to be modest in all cases {roughly in the range +/- 250,000
against a base of 200 millien jobs in the EU25) except the 100% imports case, in which more significant
negative values were calculated as a result of foregoing the whole chain of direct and indirect positive effects
associated with the production of biofuels. In the more balanced scenarios, the resulis indicate that a
substitution rate of 14% could be achieved without negative overall employment effects. The absolute figures
should however be looked at against a significant margin of uncertainty, as the absolute variations are small
enough (typically 0.1% of the benchmark) to chalienge the accuracy of models ever much more sophisticated
than the method utilised in this instance. The main conclusion 10 be drawn form this exercise is that the net
employment effects, under the technology and market assumptions specified in the scenarios, are
neutrai or close to neutral,
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