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Sustainability in production is an important isfoe D1 and D1 aims to maximize the

greenhouse gas emission savings of its Jatrophodilesel. Besides the internal drive to

maximize the greenhouse gas GHG-performance, tHewfog policy and market

developments make GHG-performance an important \@aldable parameter in the

biofuel market.
RTFO. As of April 2008, parties wishing to earn Renelgaldransport Fuel
Certificates under the Renewable Transport Fuelgatibn (RTFO), need to report
on the carbon intensity and sustainability of tH@ofuels. The RTFO starts with a
reporting obligation in which obligated companies such agliSand BP will be
required to report on the carbon intensity andasnability of their biofuels. This
information will be made publicly available andistexpected that this will create a
strong moral pressure on these companies to seustainably produced biofuels.
Recently the Department for Transport even annalrbat the UK Government:
“Aims to reward biofuels under the RTFO in accomawith the carbon savings that
they offer from April 2010.” This will create a Higr value for biofuels with higher
GHG-performance as these biofuels enable fuel sergpb meet their obligation with
fewer litres of biofuel.
EU Renewable Energy Directive The proposal for a Renewable Energy Directive
(RED) from the EC contains a 10% biofuel targethwat proposed minimum GHG-
emission saving requirement of 35%. Proposed amentinto this directive show
this minimum GHG-emission saving level may ris¢he future.
EU Fuel Quality Directive. The proposal for a Fuel Quality Directive (FQD)
contains a 10% GHG-emission reduction target fer tthtal transport fuel pool. A
significant amount of these savings will need taneofrom biofuels. Obligated
companies will need less biofuels to meet thiseifjthey source biofuels with a
higher GHG-performance. Again, this creates a nargetalue for biofuels with a
higher GHG-performance.

In summary, with current policy proposals a higli&dG-performance will directly
translate into a higher biofuel value. This makethlkthe absolute GHG-performance of
Jatropha biodiesel and its relative performancepayed to other feedstocks important
parameters for the market value of Jatropha oillesel.
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Under the RTFO and EC-proposal, obligated partsesuse conservative default values
as well as real values for the GHG-performanceaDlés are set conservative to stimulate
parties to report actual data on their GHG-perforoea Defaults exist for a limited
number of fuel chains and for Jatropha biodieseduh default currently exists under the
RTFO or EC-proposal. It is expected that in thetiyesar a default value for Jatropha will
be developed for the RTFO.

The findings of this project can serve as inputtf@ development of a default value for
Jatropha. In addition, this project gives D1 anghtinto what the important parameters
are for the GHG-performance of Jatropha biodidsegn if a default value is defined for

Jatropha it will be set conservatively and thisjgebenables (buyers of) D1's Jatropha
oil/biodiesel to report the better performance alated in this project based on actual
values.
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Figure 1 on the next page shows the Jatropha li@ldéeipply chain as it was defined for
this project. This represents production chainsetbasn D1’s Jatropha plantations in
North and North-east India. The results of thisjggbcan not be taken to be valid for
other Jatropha chains although the lessons leanniiis project provide valuable insight
for other Jatropha chains as well.
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The remainder of this report is structures as ¥asto
Chapter 2 establishes the GHG-performance of thee B2ase Jatropha Biodiesel
chain. It does this for both the current RTFO mdtiogy and the RTFO
methodology adapted to fit the methodology fromdteft RED from the EC.
Chapter 3 compares the GHG-performance of the Base Jatropha chain with that
of other biodiesel chains with which it will compéah the market.
The impact of Land Use Change on GHG-performandesiissed in Chapter 4.
Chapter 5 analyses the possibilities for furthepriorement of the Base Case as well
as potential risks. This is done by analysing sdverhat-if scenarios as well as
performing a sensitivity analysis.
Conclusions and recommendations are given in Chépte
A separate analysis on the value of Renewable poaih&uel Certificates is included
in Chapter 7.
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Figure 2 shows the structure of our analysis asdagce throughout the report.
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A more technical discussion on the differencesh@ GHG methodology between the
RTFO and the EC is provided in Annex A.

A list of terms used in this report is includeddse! Figure 3 on the next page clarifies the
names of the main Jatropha products.

EC

FQD

GHG

Hull

IPCC
Kernel

LUC
Jatropha Oil
RED

RTFO
Seed
Seedcake
Shell

European Commission
Fuel Quality Directive
Greenhouse Gas
Product from the fruit that encapsulates$beds
Intergovernmental Panel on Climate Change
Product from the seed
Land Use Change
Product from the kernel
Proposal for a directive of the Parliament d@he Council on the
promotion of the use of energy from renewable sesir¥/ersion 15.4,
23 January 2008.
Renewable Transport Fuels Obligation
Jatropha seed (product from the fruit)
Product from the kernel
Product from the seed that encapsulateketime|
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Jatropha biodiesel saves 66% of the GHG-emissionmpared to fossil diesel, even
when Land Use Change from grassland to Jatropha mghtion is taken into account.
GHG-performance of the Base Case Jatropha biodiesabply chain is nearly similar
under the RTFO-methodology as under the proposedCREBethodology, respectively
1093 kgCO2e and 1040 kgCO2e per tonne of biodie$elo Base Cases have been
assessed: one in which no Land Use Change (LUC) he®n included and one in
which the GHG-effects of a LUC from grassland to tdapha has been included. In
subsequent chapters, the Base Case including LUQs$sd to 1) compare the GHG-
performance of Jatropha biodiesel with other cropmd fuels, 2) show the effect of
different types of LUC and 3) analyse how furthenprovements van be made and what
the main risks are.

$8 ( () (!&,( 5# # P %
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Figure 4 shows the GHG-performance of the Base @ibeand without LUC by using
both the RTFO and EC methodology. Without LUC, Baese Case for Jatropha biodiesel
under the RTFO scores slightly better than unde&@ methodology. If we include LUC
in the Base Case the overall GHG-emission savingsezluced by 4.8%-pt and 2.8%-pt
dependent on the methodology. Including LUC, Jdteopiodiesel performs slightly
better under the EC-methodology than under theeot RTFO methodology.

A more detailed discussion on the inputs usedlierBase Case is given in section 2.2
below.
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The Base Case Jatropha biodiesel without LUC Habkl@-performance of 934 kgGe't
biodiesel under the RTFO. This increases to 1093 Xkg/t biodiesel if Land Use Change
from grassland to perennial cropland is taken iatwount by using IPCC Tier 1
calculations. In Chapter 4 it is shown that theaotpf LUC becomes larger if plantations
are located in other climate zones and becomesregty large if default values from the
RTFO or EC are used. Including LUC, Jatropha bisgli¢educes GHG-emissions by
66% compared to fossil diesel.

The largest GHG-emission contributor for the BasaseC Jatropha chain is the
transesterification process at 43%. Oil transployttuck and ship) is the second largest
contributor at 34%. Land Use Change causes 15%eadtotal emissions. GHG-emissions
from cultivation are zero, as no inputs are beisgdu Furthermore seed transport, drying
and storage and oil extraction all have very li@ldG-emissions.

Under the methodology of the EC proposal, the Bzasse Jatropha biodiesel has a GHG-
performance of 945 kgG@/t biodiesel. This increases to 1040 kg€/Obiodiesel if Land
Use Change from grassland to perennial croplandkisn into account. Biodiesel saves
68% of the GHG-emissions compared to fossil dieader the EC directive.
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Also in the methodology from the EC the transeBtation step is most GHG intensive,
overall responsible 48% of the GHG-emissions, fedd by oil transport with 38%. Land
Use Change causes 9% of the emissions. Againtilee steps only contribute marginally
to the total GHG-emissions.

P #
The difference in the GHG-performance of the BaaseClatropha biodiesel chain using
the RTFO methodology and EC methodology is smatle Tifferences that exist are
caused by the fact that co-products are dealt with different way in the EC and RTFO
methodologies. This especially influences GHG-emissfrom LUC. This is discussed in
more detail in section 2.2.
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The GHG-performance is the result of a fairly liedtnumber of contributors in the

Jatropha biodiesel production chain. Table 1 suris@sithe key inputs and assumptions
for the Base Case. Where no specific informatiogiven we have used default RTFO
values (e.qg. the efficiencies of different trangpoodes.)
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The difference in the outcomes between the RTFOEDdnethodology is the result of
difference in the way they deal with co-products.

The RTFO methodology uses a substitution approfgiogsible. If insufficient data is
available for a substitution approach, economiocallion is used. Both are briefly
explained below.

A substitution approach works on the principle ttiegt co-product of the biodiesel chain
replaces another product. This saves the emisdtmtswould have been emitted by
producing the replaced product. For example, ramkseeal is assumed to replace
soybean meal. The emissions that would have beesedaby this soybean meal
production are now avoided and this forms an GHe&litrfor the rapeseed biodiesel
chain. The practical difficulty with this approach that one needs to determine what
product is replaced by the biofuel co-product, imatwquantities and how much emissions
are avoided by this. When this information is naditable, economic allocation is used in
the RTFO.

Allocation works on the logic that each product partially responsible for the
environmental impacts which have occurred up te toint in the supply chain and
should be allocated a portion of these impact&cltnomicallocationthe total emissions
caused to produce two products (e.g. rapeseecditagpeseed meal) are allocated to the
two products based on their economic value. Therrale for this is that the product with
the highest value should also carry the highest @Gidfslen. The practical difficulty with
this approach is that market prices fluctuate witlthnges the allocation factor over time.
This is why an average market value over a cenpaiiod is typically used. Another
challenge is formed where no mature markets exish sis for Jatropha seed cake — in
these cases it is more difficult to determine tharket value’.

The EC also uses an allocation approach but aéedae burden to the various products
based on thenergy contenof these products. This has the advantage of bsongtant
over time but in general allocates a relativelygéapart of the GHG burden to residual
products with a low market value.

(#(1, (1&(L¢#

The Jatropha biodiesel production chain has thrae oo-products: seedcake (co-product
from the seed expeller) and glycerine and potassiyainoxide (both co-products from the

transesterification process). All upstream emissibave to be allocated accordingly.

Tables 2 and 3 below summarise the key allocatiotofs for both methodologies. These
have been used to calculate the results discusstiion 2.1.



ECOFYS

Note that agricultural residues such as the hulhdbexit the system and therefore no
emissions are allocated to these residues.
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It can be seen from the table above that allocdijoanergy content (EC methodology) is
more beneficial for the seedcake allocation factoacompared to economic allocation
(RTFO) more emissions are allocated to the seedaa#ieherefore fewer emissions are
allocated to the oil. This is caused by the faet thatropha seedcake has a relative low
price compared to its energy content. In the siftgitanalysis (Section 5.2) prices have
been varied to determine the effect on GHG-perfoicaa
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For the transesterification co-products, allocatlpn market value (RTFO) turns out

slightly more beneficial than by energy content YEThis has two reasons. Firstly,

potassium sulphate has a negative energy contdrtharefore no emissions are allocated
in the energetic allocation method (EC). Secontg, RTFO assumes relatively high

glycerine prices compared to the biodiesel prichictv leads to a lower allocation of

GHG-emissions to the biodiesel. In the sensitigimalysis (Section 5.2) prices have been
varied to demonstrate the effect on GHG-performance
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Overall the Base Caseithout LUC scores better with economic allocation (RTFDg
Base Casavith LUC scores better by using energetic allocatio®)(E his difference is
caused by the amount of GHG-emissions from LUC.hdtit LUC, only few emissions
take place that can be attributed to the seededkieh makes the allocation of glycerine
more important and that is more beneficial under RTFO. However, if we take LUC
into account this is responsible for a large p&the emissions and suddenly the seedcake
allocation becomes more important, which is moneefieial under the EC.

In other words, if the RTFO has to change its amdpct methodology to allocation by
energy content to be consistent with the EC prdptisa GHG-performance of Jatropha
biodiesel including LUC improves slightly.

% #&
(" .0 (18I %&II(
LUC can have a significant impact on the GHG-perfance of biofuels and can even
cancel out all GHG-emission savings of a biofuel.

#o(##

Currently both the RTFO and the EC only includessioins caused by direct LUC. In the
RTFO, emissions from LUC that occurred after Novenm®005 must be included. In the

EC-proposal the reference date is January 200&. fieians that existing plantations do
not have to include emissions from LUC. This wilbrmally be a disadvantage for

Jatropha as most Jatropha plantations are estadblester the reference year while most
competing crops have ample plantations with eshbient dates before the reference
year.

Indirect LUC, in which biofuel feedstock productidisplace other land functions to other
areas where they may cause LUC emissions, araclatied in the present RTFO and EC
proposal. However, both the recent review of th& I@rget commissioned by the UK
government and the rapport of EP rapporteur Wijknagknowledge these indirect
impacts. If emissions from indirect LUC are somehiagiuded this could be a relative
benefit for Jatropha as any emissions for indilddC would only apply to existing
agricultural land and not to newly established tangd. The remainder of this report will
focus on emissions from direct LUC.

#aoroo#
The RTFO and EC both present default GHG-emisdiams LUC that have to be added
to the GHG-performance of the biofuel, if more dethinformation is not available.
Especially the use of default values has very lamgyd negative impacts — see Chapter 4.
However, both methodologies allow producers to mi®vnore detailed data based on
IPCC methodologies. In the Base Case calculatianbave included the effects of LUC
using an IPCC Tier 1 methodology because the defawhbers from the RTFO and EC
lead to a negative GHG performance.
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The impact of LUC on GHG-emissions in an IPCC Tleapproach is dependent on
various variables and assumptions, e.g. regiomaté zone, original land use and the
crop replacement type. Relevant assumptions foarel

Region We used IPCC default numbers @ontinental Asidan our calculations.
Climate zone Rajasthan is located inteopical dry climate whereas the north east
regions have aropical moistclimate. We have used IPCC data for a tropical dry
climate in our Base Case calculations.

Previous land use Either forest or grasslands can be chosen as\aopis land use
(cropland to cropland in principle does not forrh@C). Grassland has been used in
the Base Case calculations.

Replacement crop-type Jatropha is a perennial crop, in contrast to ahaops.

The IPCC Tier 1 separates GHG-emissions associaidd LUC from three different
carbon stocks:
(Above groundBiomass
Below ground biomass is assumed to remain unchainged Tier 1 level
methodology.
Differences in above ground biomdsforeandafter LUC are included in
the calculations. For the above ground biomasshefland use before
conversion we used IPCC defaults for tropical drgsgland, in line with
the above assumptions. Above ground biomass imnedgiaafter
conversion is assumed to be zero in a Tier 1 approa
For perennial crops, the IPCC Tier 1 approach plesidefault values for
the amount of annual carbon build up in above gidoiomass. However,
in our opinion these numbers are not representétivdatropha plantations
as they are focussed on (short) rotation foregiscino which the total tree is
harvested periodically. To avoid inappropriate ab¢PCC default values
we have taken a conservative approach here anthedszero carbon build
up in Jatropha in above ground biomass in the Base. In order to claim
the GHG-benefits of carbon build up in above grobiamass in Jatropha
plantations we recommend a Tier two or three appraehich will provide
more representative results. Applying such an &amtrocan deliver
significant GHG-benefits and is analysed in Chagter
Dead Organic Matter (DOM) and litter:

For grasslands carbon stocks in DOM are assuméd &ero before LUC
(in line with IPCC Tier 1). For the carbon stocksDOM in forests we
used the IPCC Tier 1 default values for broadleaidlious tropical forest.
All DOM is removed after LUC to cropland, leadirm zero carbon stored
in DOM after conversion.

‘& "33&2" 2& "((" 1&23."..7. (" 0825/ '( 427".. 1'&A2( J21#
Ken(" 2., (1"&42( 21 2 "&8 /(0@ | &. 1O (/4" 3/&:28& "72(.
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Soil carbon
For perennial crops the Tier 1 approach appliesilacarbon stock change
factor of 1. This implies that zero changes in safbon take place in
conversion from grassland or forest to Jatropha.

In Figure 5 the IPCC Tier 1 calculation is displdyfer LUC from grassland to Jatropha
plantations in a tropical dry climate.
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The above analysis shows how LUC has been inclunletie Base Case. Chapter 4
includes a more detailed analysis of LUC. It disessthe effects of using the default
LUC numbers from the RTFO and EC, the effects qflyipg an IPCC Tier 1 approach

with different assumptions (e.g. different climatene and vegetation type), and the
potential GHG-benefits of using field survey daiackaim the carbon build up in Jatropha
plantations.
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This chapter compares the GHG-performance of thesBaCase Jatropha biodiesel
chain with the default GHG-performance of other higesel chains. Jatropha
outperforms the default values for all other firgeneration energy crops. This holds
true even if LUC (from tropical dry grassland) iscluded for Jatropha.

273"8".2(
2/ &1&23,
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Under the default biodiesel production chains siedpby the RTF® Jatropha scores best
among the energy crops. Only Used Cooking Oil #ltbw have a better GHG-
performance. Figure 6 displays the GHG-performanicdatropha biodiesel (including
LUC) compared to the other crops.
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Biodiesel from UCO and tallow scores best with J&,e/GJ. Jatropha scores much
better than other crops, the next in line is palhwith 45 kgCQe/GJ compared to 29

kgCOe/GJ for Jatropha biodiesel. Compared to fossisedjeJatropha biodiesel saves
66% of the GHG-emissions.
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Figure 7 shows the comparison with the default emlof biodiesel from other first
generation feedstocks as included in the EC’'s malpfor a RED. Note that these are
default values from the proposed RED directive. sEhdefault values are not from the
RTFO. The default values of the RTFO may changiaf RTFO has to adopt the EC
methodology for co-product treatment but this widt make them the same as the EC
default numbers. The reason for this is that thed&€s not only differ from the RTFO
because of the co-product methodology but it alakean different assumptions on default
parameter values such as yields and fertiliseriegapin rates.

Figure 7 displays two columns for palm oil as ti@ fifovides a default value for if the oil
milling process is not specified and a default doprocess in which methane emissions
are captured.
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The EC only distinguishes three phases in the tG#EIG-performance: cultivation,
processing (both milling and transesterificationyl dransport and distribution. It is not
clear whether biofuel distribution is included retscope of the EC default values - this is
notincluded in the RTFO and our analysis of Jatrogbdibsel. Remarkably soybean oil
has not been included in the draft directive.
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Under the EC methodology, Jatropha ranks the sanuader the RTFO leaving all other
crops behind, only waste vegetable and animal suitge better. Jatropha has a GHG-
performance of 28 kgC{@i5J, whereas sunflower and palm oil (with methaapture)
have 41 kgC@GJ. Main difference between the methodologies hiat tthe GHG-
performance of palm oil heavily depends on whethemrocess is specified or not. In the
EC proposal slightly higher default GHG-emissioms given for waste vegetable and
animal oil compared to the RTFO.

+8+ . L (# , #'

The GHG-performance of the Base Case Jatrophadsieldthain is better than the default
values of all first generation energy crops in bttt RTFO and the draft RE-directive.
The main benefit for Jatropha lays in the very lemissions from cultivation, even if

Land Use Change from tropical dry grassland israkéo account. Using shell as an
energy source in the oil expeller provides anotimenpetitive advantage.

The results clearly illustrate the competitive attege of Jatropha compared to other first
generation biodiesel energy crops in terms of GH@gwmance. Assuming technical
suitability of JO, a market which values GHG-penfiance may lead to higher prices for
Jatropha biodiesel compared to biodiesel from dihgrgeneration energy crops.
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Several remarks do need to be made here:
We compared the GHG-performance of Jatropha basectal values with default
values of other crops. These default values forerothrops have been set
conservatively to stimulate producers to report vadues. In other words, by using
real values, suppliers of biodiesel from other gpecrops may well be able to
improve their GHG-performance compared to the defaalues used here.
Nonetheless, Jatropha biodiesel performs very falmy compared to other energy
crops.
In line with the above, a default value for Jatraphay be set at a more conservative
level than the Jatropha Base Case which we cadzil&@urrently no default value
exists in either the RTFO or draft directive. Howewve expect a default value for
Jatropha to be included in the coming year in th€&® and it will be interesting to
see at what level the default value will be set aum@t the difference is with both
other crops and the value for the Jatropha Base @lasussed here. Note that D1 will
be able to use the Jatropha Base Case numbergaadahcan demonstrate the inputs
used for the calculation as set out in the previahapter.
As discussed in section 5.1.3, the estimated @#gtinputs for expelling that we
received from D1 are rather low. If these turn toube higher, the GHG-performance
of Jatropha will deteriorate, resulting in a GHGigsion saving of 62% in stead of
66% in the Base Case (under the RTFO).



ECOFYS

Land Use Change is the single most important paraeman the GHG-performance of
D1’'s Jatropha biodiesel. If conservative defaultsrfLUC from the RTFO or EC are
used, this leads to higher GHG-emissions than fos$il diesel.

Both the RTFO and EC proposal allow producers toeusiore specific data on GHG-
emissions from LUC. The IPCC methodology (2006)tiee internationally accepted
methodology for such calculations. Through the va&siit provides it is possible to make
a more specific calculation without the need foefd carbon stock surveys.

Finally, actual data for the specific sites enablB4. to even claim an increase in carbon
stocks from LUC, which significantly improves the H&-performance. Since
measuring actual carbon stocks was not includedtie project, we show the potential
impact on the GHG-performance by using example data
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In the Base Cases LUC has been taken into accounhdans of an IPCC Tier 1
calculation. How does this relate to the defauftsviged in the RTFO and EC proposal?
We have analysed two types of land conversion:staad to perennial cropland (Base
Case) and forestland to perennial cropland. We eoenpPCC Tier 1 outcomes (Base
Case) with the RTFO and EC defaults, see Figure 8.
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The following conclusions can be drawn from Fig8re
None of the defaults from either RTFO or EC cowdd to a positive GHG balance
for Jatropha biodiesel. Only by using the more itletldPCC methodology can LUC
be included without lowering the GHG-performancttethat of fossil diesel.
Conversion from forestland to perennial croplandagts results in a negative GHG-
performance for Jatropha biodiesel, also if an IF@GE 1 approach is used.

The IPCC default numbers for carbons stocks instopeovide only a single number for
broadleaf forest in a certain region — based dngiawn natural forest in that region. No
numbers are given for degraded forest for exampherefore, as soon as an area is
classified as forest, the full carbon stock of fyibwn native forest in that region is taken
into account.

The above stressed the importance of the threslasldsed in the definition forest land.
The IPCC does not provide detailed definitionslfitbat refers to country-definitions of

forest — it does mention internationally acceptefimitions such as those by FAO. As an
example, FAO uses a canopy cover threshold of @AB6 - everything above that is
classified as forest. In situations where the thoks of the national forest definition are
only just exceeded, the actual carbon stock witlsigeificantly smaller than the default
number given in IPCC (2006).
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In these cases it is recommended to assess tha aatbon stock — this actual value can
then be used in the calculations in stead of thecknhigher) default number.

The above discussion shows that default numbersU@-emissions from the RTFO and
EC can not be used. Therefore either an IPCC Ti@hdut field survey data) must be
used or a higher Tier (with field survey data). 3hare discussed below.
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In the IPCC Tier 1 calculations for the Base Castppical dry climate was assumed in
combination with grassland as the original land. uBee climate zone and original
vegetation affects the carbon stocks such as tleeisinof carbon stored in above ground
biomass in forest or grassland. Figure 9 showseffext of using a tropical moist and
tropical wet climate zone in the calculations. Ticapdry represents a large part of India
(see Annex C for an overview of climate zones)teliag from the mid to west side of
the country. Tropical wet can be found in the fasteof India, near Bangladesh.
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For grasslands there is no difference betweendabpnoist and wet, both leading to a
decreased GHG-performance of 58% GHG-emission gainy forestland conversion is
highly disadvantageous to the GHG-performance, vfgdncreasingly worse with moist
and wet climate zones.

Annex D shows the calculations behind this segb@nscenario.
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Perennial crops have an advantage above annua orape fact that they store carbon
during the plantation lifetime. The IPCC providesfallts for annual growth in carbon
stocks of perennial systems, but none are espesiailled for Jatropha plantations. In this
section, we assess the impact of using site spatdfia. We assume that Jatropha crops
reach 20 kg fresh weight per tree at the end opthetation life.
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Figure 10 shows the effect of taking the carbomage into account. In a tropical dry
grassland this leads to the carbon storage of 5820k per tonne biodiesel (or 706 kg
CO,e per hectare). The net GHG-performance is thereased to 88% GHG-emission
saving. In a tropical moist and wet climate, thewabground biomass prior to LUC is
higher, so the effect of annual growth is relagMelwer. Still 262 kg C@e is captured per
tonne of biodiesel (or 348 kgG@er hectare), increasing the GHG-performance £ 79
saving. The 20 kg fresh weight per shrub is a coasiee estimation and if also carbon
build in below ground biomass and soil are takeén account the effect could be larger
still.

Important to note is that an actual carbon measeméshould be conducted in order to be
able to assess the carbon stock of a mature Jatpphtation.
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GHG-performance is most sensitive to a number ofgraeters which have been varied
in this chapter. Firstly, several changes are matiethe Base Case scenario in order to
measure the effect on GHG-performance. Variations oultivation inputs, LUC, and
production system parameters such as transportatimodus are made. Secondly, a
sensitivity analysis is conducted on the impact ddtropha yields, transportation
distances and oil yields on the GHG-performancelf’s Jatropha biodiesel. Finally, a
best and a worst case scenario are constructed.

273'&".2(
2/ 81823

&'(.328/"12
[

4 ( i
820218328 "3 & &%

08 ( , & # 4

Several changes are made to the production systesusnptions and defaults in order to
quantify the effect on GHG-performance. Changegwadular in this section, in contrast
to the sensitivity analysis in which parameters aggied in a continuous way.
Successively changes are made to the cultivatipatsnand yields, transportation modus
and oil expeller.
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In the Base Case no fertiliser or other inputsagmelied on the plantations. If D1 would
apply amounts of Urea, Phosphate or Lime this waifitdct the GHG-performance. In
our analysis of cultivation inputs it is assumedttany input will improve the seed yield
to 6.3 t/ha (provided by D1) which should cancel (part of) the additional emissions
from cultivation inputs.

If seed yield would increase without any additioimgduts, the GHG-performance would
increase by only 1%-pt. This is caused by the &chiemissions in the cultivation phase
and from LUC. Figure 11 and Figure 12 show theatfté several inputs on the net total
GHG-performance (including LUC). It shows that:
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Applying 125 kg/halyr of Urea results in direct esions and, much larger, indirect
soil emissions and lead to a significant worserofighe GHG-performance to 60%
GHG-emission saving.

Applying 12.5 kg/hal/yr of Triple Super Phosphatsults in almost no increase in
GHG-intensity.

Applying 1200 kg/ha of Lime (once at plantationadishment) results is almost no
increase in GHG-intensity.

Concluding, by applying lime or TSP there is a Ipeteficial effect of higher yields. If
Urea is applied, this beneficial yield-effect istlmalanced by resulting GHG-emissions

from Urea production and soil emissions.
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Under the EC methodology the effects are less seveputs lead to a relative smaller
increase in GHG-intensity. This is caused by a loalcation factor for oil under the
energetic allocation of the EC because of whichefeof the increased emissions are
allocated to the oil.

The impact of TSP and lime on overall GHG-perforoeaiis negligible. However, the
application of nitrogen fertiliser has an importaffect. If D1 is to apply Urea, this would
result in an increase of 233 kg @&per ton biodiesel. Still, Jatropha is performiegter
than other default crops but it is getting clogepalm oil.
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In conclusion, TSP, lime and probably also gypSuam be applied without any high risk,
but N fertiliser has a negative effect on the GH&fgrmance.
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Overland oil transport by rail
In the Base Case Jatropha oil is transported tok thtom the oil expeller to the closest
harbour over a distance of 750 km. Since in geneliakel truck transport significantly
contributes to the GHG-performance of a biofuels ivaluable to assess the impact of a
change in transport modus from truck to train. ndi& the fuel efficiency of trucks is
much lower than for trains: 1.94 MJ/t.km versus90MJ/t.km. This could lead to an
improvement of the GHG-performance by 111 kg&®©biodiesel under the RTFO and
by 118 kgCQe/t biodiesel under the EC proposal. The Base @asédl then be improved
by 3%-pt under both methodologies, see Figure 13.

Oversea oil transport by ship

The RTFO assumes rather low fuel efficiency foeinational shipping, we have found
factors that are four times as low (mostly depehdsnvessel capacity). Using more
efficient ships results in a significant improvernef 6%-pt under both methodologies,
see Figure 13.
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Figure 14 shows the impact on GHG-performance eérs variations to the oil expeller,
i.e. using solvent extraction, facing higher eledly inputs and using a mobile expeller.
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Solvent extraction

Currently the oil is extracted by using a mechdnégeller. The process requires only
electricity inputs as the shells are being burnsteam generation. The current oil yield is
0.25 ton toil per ton seed. If solvent extractianused, we have assumed that the
electricity inputs remain the same and shells tllesafficient to generate enough steam.
Solvent has to be added, but the GHG impact of ithizero in the RTFO. Oil yield
increases to 0.30 ton oil per ton seed if solvetraetion is used.

The higher yield from solvent extraction has onlgraall positive impact on the GHG-
performance which is increased with 1 %-pt resgltim 1055 kgCGe/t biodiesel. The

effect is only small because of the low emissiopsintil the oil expelling. Dividing these
emissions over more oil therefore yields onlyditblenefit.

In the sensitivity analysis we have also varied dhieyield and assessed the impact on
GHG-performance, assuming that oil yield could iovar in the future regardless of the
use of a different technology.

Electricity inputs

The 6 kWh per tonne of oil electricity inputs fat-extraction seems rather low compared
to an input of 410 kWh per tonne of oil for soy beal extraction (also using hexane
solvent extraction). We have run a scenario in tvlwe have set the electricity input per
tonne of crushed Jatropha kernel equal to the Rdi&@ult value for soybean crushing.
This leads to an electricity input of 228 kWh penre Jatropha oil. This lead to an
increase in the GHG-intensity to 1215 kg@@® biodiesel in the RTFO and 1128
kgCOse/t biodiesel under the EC (assuming higher oildgies well). The smaller effect
under the EC methodology is due to the lower atlooafactor for oil in this
methodology. These results indicate the importariogerifying the electricity inputs for
Jatropha oil expelling.

Mobile expeller

The use of a mobile oil expeller has several acdhged: seedcake can directly be returned
to the farmers/plantation and seed transport igted: Oil yield is not likely to increase
with this small capacity and electricity inputs balveen assumed to resemble the Base
Case.

In stead of transporting seed, now oil is tranggbmvhich lowers the GHG-intensity of
this phase by 75% (direct result of the 0.25 tdnyigild). Overall this improves GHG-
performance with 64 kgC@/t biodiesel in the RTFO and 38 kge&Q biodiesel in the
EC.
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The impact of sensitive parameters is assesseh@rGHG-performance of Jatropha
biodiesel. The varied parameters are:
Seed yield;
Transportation distance (land and freight);
Oil yield.

For the RTFO results we have added variations emptice of:

Seedcake;

Jatropha oil;

Biodiesel and glycerine price .
These prices affect the (economic) allocation fiaclbis is not the case in the EC results
since its allocation factor is based on energyeuist

Parameters have been varied with values that #nergdrovided by D1 or by Ecofys
based on our view of how parameters could readiiyichange in the future ( Table 4).
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Figure 15 and Figure 16 show spider diagrams irchvttie relative change to a parameter
is shown on the x-axis and the effect on GHG-pentorce on the y-axis. Although the
sensitivity analysis is a helpful tool, the likedibd of variation is often more important.
The parameter variation given on the x-axis cowadp with realistic values.

I+

Overall the graphs show that the GHG-performandegkly sensitive to the shipment of
oil. This is caused by the large distances. Althobgghly sensitive, it is more important
to look at realistic ranges. This indicates thatrainsport will not exceed 16,000km, and
therefore the impact is still limited compared ¢o instance oil transport over land. Here
the ranges are much larger, which makes the ovienplict to GHG-performance larger
despite the fact that the curve is less steep.
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In general the GHG-performance is sensitive foraaill seed yield, but not as high as one
would expect. This is caused by the few GHG-emissieesulting from the cultivation,
transport and extraction phase compared to emsssisom oil transport and
transesterification. For the results from the RTE@cerine and biodiesel prices and
especially the ratio between these, could affectG3id¢rformance significantly in the
future — this allocation factor affects the emiasidrom all steps up until and including
transesterification. The seedcake and Jatrophgprimé have only a small effect on the
GHG-performance — this allocation factor affectdssimons of only the steps up until and
including oil expelling.
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Higher seed vyield results in relatively less GHGs=ions attributed to cultivation and
Land Use Change. Whereas higher oil yield additipiaads to lower seed transport
emissions and emissions associated with oil extracinaking the GHG-performance
more sensitive for oil yield. The overall effects#ed yield is however larger, as the range
in expected seed yield in wider than for oil yield.

2 + Y ) ) o« 3

Oil shipping distance is a decisive parameter difects GHG-performance to a large
extent. In the base case oil is transported ovgs0D4km, so any percentual increase leads
to a significant effect. Transport by truck leads minor increase per percentage
parameter variation, but overall there is high gmesess as the expected variations in
truck transport distance are very large.
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Higher prices for glycerine and biodiesel increaselower the GHG-performance
respectively, since it affects the allocation fadtat is based on market values under the
RTFO. In terms of percentage the effects are mibat,as prices are highly volatile
overall effects on the GHG-performance are sigaiftc ranging from 61% to 68% GHG-
emission saving.

As indicated in Section 3.2, the RTFO assumesrdiffieprices for biodiesel and glycerine
than are currently applicable. Prices of biodiem®& now generally higher (FO Licht,
December 2007; Oleonline 2007). Glycerine priceseapected to decline in the future as
biodiesel production is increasing. This would l¢adverall worse GHG-performance.
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The value of seedcake can be increased by enaldingage as animal feed. Under the
RTFO, values for seedcake (and Jatropha oil) daterthe allocation factors that impacts
the GHG-performance. Overall, the impact is lowttBby percentage of increase and by
taking into account the total expected range, theréittle incentive to upgrade the
seedcake. Jatropha oil price has a similar low,ifmgrse, effect on GHG-performance
under the RTFO.

08+ 9! ( 5 ( ('#

The findings of the what-if scenarios and sendgitidnalysis can be combined into a
worst- and best-case scenario, with the parameisptayed in Table 5. Outcomes are
displayed in Figure 17.
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A worst case scenario results in a 14%-pt redudd® @erformance of 51%. Especially
the cultivation phase and the oil transport higbgntribute to this overall decline in
performance. A best case scenario results in a O¥epease in GHG-performance to
75%.

A worst case scenario results in a 10%-pt redut&B%. A best case scenario results in
a 6%-pt increase in GHG-performance to 74%.
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For the Indian production chain analysed in thiggmst, Jatropha biodiesel saves 66% and
68% of the GHG-emissions under the RTFO and ECertiely. Among all first
generation biodiesel energy crops, Jatropha sdmwss- even when taking into account
the resulting emissions from Land Use Change.

Main advantages are the zero-input cultivation afrapha, which especially avoids
nitrogen fertiliser related emissions. Furthermibre shells are used for steam generation
in the oil extraction phase, which significantlyloees fossil energy inputs. On the down
side, emissions from Jatropha oil transport aresickemably higher than for many other
crops due to the relatively long transportatioriatises.

The comparison is based on default values giveitier the RTFO or EC draft directive.
These default values do not necessarily reprebentdlues that will actually be reported
for these alternative feedstocks. Just as for gasoproducers can use real data which
would lead to a better GHG-performance. Nonethelégssopha biodiesel performs very
favourably compared to other energy crops.

*8g "¢ "o 1t , 4

If the UK is to adopt the EC directive this woulelsults in a slightly improved GHG-
performance of D1’'s Jatropha biodiesel. Under tié&@® (allocation by market value)
Jatropha biodiesel saves 66% whereas under the rB@gal (allocation by energy
content) Jatropha saves 68% of the GHG-emissiompared to fossil diesel.

The difference in the results is caused by a diffeallocation method to calculate GHG-
emissions associated with the co-products. Theatilon of seedcake is more beneficial
under the EC, as its energy content is relativé kigmpared to its current market value.
This leads to much less emissions from LUC, sesusport and oil extraction attributed
to the Jatropha oil (49% in stead of 86% underRAEO). Although the allocation of
transesterification co-products under the EC-metlagy is less beneficial this does not
outbalance its positive effect of the seedcakecation.

Although the overall differences are small, Jateogbores slightly better under the EC
proposal. Future upgrading of the seedcake is eatarded under the EC as it only
considers the (fixed) energy content.
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The use of the EC methodology will also impactodier (default) chains reported under
RTFO. Given the scope of the study, this has nenlmgiantified.

*8+ ("1 #&1
Besides making optimal use of the carbon storagelabfopha plantations, several

improvements can be made that increase the GH®@peathce of Jatropha biodiesel, see
Table 6.
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The choice for oil shipment in large crude carrisrene of the controllable measures that
contributes to a better GHG-performance. Althougbeems theoretical, if D1 is able to

control this, GHG-emission saving could be increage72% under the RTFO and 74%

under the EC proposal.

Other measures such as solvent extraction andntheduction of a mobile expeller
provide smaller improvements, up to 3.5 percenfagets.

Land Use Change can have a significant positivérittion to GHG-performance if real
carbon measurements are used to take into acchanartnual built up carbon in the
Jatropha plantation. For a tropical dry grasslamuversion and above ground biomass of
20 kg dry weight per tree, GHG-performance couldniseesased to 88% savings.

*8- ( . ’(
Land Use Change is by far the most important patanfer D1's Jatropha plantations.
Emissions from Land Use Change must be includeoh@s plantations are established
after to the dates provided in the RTFO and EC @sap The most important
conclusions with respect to direct LUC are:
Any default for LUC provided in the RTFO and EC posal ruins the GHG-
performance.
Any conversion from forestland results in more GE@issions compared to fossil
diesel in the IPCC Tier 1 approach.
Under the IPCC Tier 1 approach, grassland convelisi@ tropical dry, moist or wet
climate (representing the major part of the plaotat in India) results is a minor
decrease in GHG-performance, but still saves GH@&sons compared to fossil
diesel.
Land use conversion could result in a positive igbation to GHG-performance if
the actual increase in carbon stocks is quantified.
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This requires actual carbon stock measurementBeoplantation and preferable also of
the original land cover. In some cases this re$nlg increase in carbon storage. This is
the main advantage that perennial crops have apdlcsibe addressed in detail. Actual

field measurements are also of importance in thosses in which national forest

thresholds are just exceeded.
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This Annex summarises the key differences betweles RTFO methodology and the
methodology as proposed in the EC proposal. Mairffadences between the two
methodologies are the way co-products are dealthwidefault values and Land Use
Change parameters.

(", (o wmwm
In January 2008, the RFA issued the technical guielefor carbon and sustainability
reporting within the RTFO. As of April 2008 the ROFcame into force, requiring 2.5%
of all road fuels to come from biofuels. Transgael suppliers can comply with the rules
by supplying the relevant amount of biofuel themesg] purchasing certificates from
another transport fuel supplier, or by paying ay‘lout' price in respect of some or all of
their obligation.

Also in January 2008, the European Commission (E@ased its draft directive on the
promotion of the use of energy from renewable seaird@his document includes default
values for several biofuel production chains aslwasl a methodology that treats co-
products by means of allocation by energy contéfhiile still uncertain, it is expected the
directive will be finished in 2009 and will entertd force in 2010.

("(# % ## (H #, W
The impact of co-products must be taken into actaumen calculating the carbon
performance of a biofuel. Multiple approaches aeduto deal with co-products:
Substitution: this is based on the principle thdticfuel should be attributed with
any consequences (i.e. increased or avoided GHGsams) of an increase in
demand of any (co-) product. Any impact that a oodpct has on GHG-emissions
should be included within the boundaries of thdusts’ carbon performance.
Allocation: each co-product is partially responeilibr the environmental impacts
which have occurred up to this point and shouldabbecated a portion of these
impacts. The allocation can be carried out on @msbof a range of characteristics
of the co-product, the relevant methods are givdoua:
0 Market value.
o Energy content.

The reader is directed to E4Tech (2008) for furtlsgulanations and discussions on co-
products treatment.
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The approach taken in the RTFO depends on theampts and its use. In principle, co-
products must be accounted for by using the sultistit approach where possible. Where
there is no sufficient data to undertake the sttigin approach, the co-products must be
accounted for by using allocation by market vakm. default fuel chains in the RTFO it
has already been indicated how to address co-pte®darad fixed credits have been
determined for most of the different uses of thepoaducts. Jatropha biodiesel is not
included in the RTFO default chains and no defasks of the main co-products are
provided. Therefore, allocation by market valuehis preferred approach, since detailed
information on the co-products usage is lacking.

In the EC proposal all co-products are dealt wittaliocation on energy content.

%
The RTFO calculation methodology uses default \altiat provide estimates of the
carbon intensity of different fuel chains. This kles suppliers with specific information
about their supply chain to provide additional dgfative or quantitative data to improve
the accuracy of the calculation. High level defaaliues (where little is known about the
origin of the supply chain) represent conservatddG-emission savings; but typical
default factors (where the calculation includes enaletailed information) are less
conservative in order to encourage the supply ffrimation. This is illustrated in the
figure below.

Increasing
information
availability

Conservative
defaults

0. Fuel

defaults
£.q. Biodiesel onl

Somewhat 1. Feedstock defaults Increased
E;HS;NMWE £.9. Biodiesel — Oilseed rapa accuracy of
aults calculation

2. Feedstock & Origin defaults
e.g. Biodiesel — UK, OSR
3. Selected defaults
e.g. Biodiesel, - UK, OSR, CHP
4. Detailed selected defaults
e.g Chain default + regional crop yield

5. Actual data
e.g Chain default + natural gas use

The EC directives in principle proposes the sanpraach but provides default values at
only one level,

Typical
defaults
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Where information on previous land use has beepl&gpthe calculation includes the
effect on overall GHG-emission savings. RTFO defaalues for specific Land Use
Changes are based on IPCC guidelines and are ispegoér climate region, crop type and
vegetation type before conversion. For all planteti established after November 30,
2005 emissions from Land Use Change must be indlude

In the EC directive, only one single default valiee emissions from LUC is given
without any differentiation between regions, cropets or original vegetation. The
reference date in the proposal is set at Janud@§.20

Both the RTFO and EC-proposal allow for the usenofe detailed data based on IPCC
methodologies.
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D1 Qils provided us with Jatropha seed yields fnous stages in the plantation lifetime.
An average yield figure has been used to calculeGHG-performance of Jatropha
biodiesel. Yield has been averaged over the plantdfetime, in which only harvested

yield is considered. This is in line with FAO s#ditts which also give average yields for
‘harvested area’. We assume a plantation lifetim@Qyears, excluding the first three
unproductive years.

Jatropha yields no seeds in the first three y&am$y in year 4 yields start and grow until
year 9, when yields remain constant until year 23.

Al Al %+ Al - Al 0 Al * Al B Al / Al 6%$+
< D 1A 1 1 1 +1 / . 9"

Average harvested yield is theh53 t/ha

#,4#
A higher yield series has been provided by D1 @dswvell to represent better agronomy
figures. These yields are indicated below.

A (! Al %+ Al - Al 0 Al * Al B Al / Al 6%$+
< D 1 1 13 $1 $1A / . 9"

Average harvested yields equél81 t/ha

Average Improve
higher yield

Jatropha seed yield [ton/ha]

Base case yields
= Improved higher yields
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Years
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This category includes all land with woody vegefatconsistent with thresholds used to
define Forest Land in the national greenhouse mamiory. It also includes systems with
a vegetation structure that currently fall belowyt in situ could potentially reach the
threshold values used by a country to define thregtd.and category.

1&(
This category includes cropped land, including rimdds, and agro-forestry systems
where the vegetation structure falls below the dshoéds used for the Forest Land
category.

IC (
This category includes rangelands and pasture tleidare not considered Cropland. It
also includes systems with woody vegetation andratlbn-grass vegetation such as herbs
and brushes that fall below the threshold valuesius the Forest Land category. The
category also includes all grassland from wild knd recreational areas as well as
agricultural and silvi-pastural systems, consisteith national definitions.

9 (
This category includes areas of peat extractionland that is covered or saturated by
water for all or part of the year (e.g., peatlarats) that does not fall into the Forest Land,
Cropland, Grassland or Settlements categoriesicludes reservoirs as a managed sub-
division and natural rivers and lakes as unmanagbedivisions.

This category includes all developed land, inclgdinansportation infrastructure and
human settlements of any size, unless they aradyrencluded under other categories.
This should be consistent with national definitions

A
This category includes bare soil, rock, ice, andaald areas that do not fall into any of
the other five categories. It allows the total @éntified land areas to match the national
area, where data are available. If data are avejlabuntries are encouraged to classify
unmanaged lands by the above land-use categorigs ifgo Unmanaged Forest Land,
Unmanaged Grassland, and Unmanaged Wetlands).
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