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Executive Summary

This study examines the full life-cycle of greenkewgas emissions from the production of
ethanol and biodiesel by undertaking a life-cyalalgsis (LCA) to assess the greenhouse
gas emissions and other environmental outcomesesuli of Western Australian biofuels
use. The LCA compares the Western Australian tsimawith, and without, biofuel
production; specifically biofuel from two plants45 ML of biofuel from Picton ARF
biodiesel facility and 160 ML of ethanol from PringdEnergy proposed biorefinery.

The greenhouse benefits of biofuel are normallyvedr from the substitution of fossil
based carbon emissions (which are the result ofcttmabustion of fossil fuels), with
biogenic carbon dioxide emissions (which are thaults of combusting fuels that have
only recently absorbed the carbon from the atmagptering the cropping cycle). In the
Western Australian case there are a number of digaerficant greenhouse contributors
and savings. The most dominant of these is thetreidy production from the Primary
Energy biorefinery. Because Western Australiarctelgty is largely based on coal
combustion, the greenhouse benefits of substituhisgelectricity with electricity from the
bio-refining are significant. In fact, the greenke gas savings from electricity production
(281 Gg} are more than the savings generated from ethawduption (205 Gg) as is
shown in Figure 0-1. To some extent the biorefineould be considered to be an
electricity plant that produces ethanol and fesgits as co-products.

Gg CO;
700
4 O Net benefits
600 L )
W Electricity production
500 m Ethanol tailpipe savings
E m Avoided petrol production
400
0 Biodiesel tailpipe savings
300 o Diesel production avoided

200 B m Biodiesel production

i @ Ethanol production
100

i

-100

200
Biodiesel production Biodiesel savings Ethanol production Ethanol savings Net benefit biofuels

Figure 0-1: Summary of greenhouse savings from bio&él implementation - GgCQ e per year

Without the biodigester part of the biorefinery tkiaanol production and utilisation are
still beneficial from a greenhouse gas perspediinarigh the savings per year are more
than halved from 486 Gg to 220 Gg for the 160MIpafduction. In terms of fuel security

! The SI unit, the Gigagram (Gg) is the same aaséind tonne.



the ethanol production has relatively low crudeinfluts over the lifecycle with 20 more
times energy being produced than crude oil enetijgad through the life cycle.

These benefits come at the cost of land use with M#le land utilisation in the crude oil
to petrol supply chain compared with the land ndede wheat production. The overall
sustainability of this use is beyond the scopehef tCA, as is the sustainability of the
continued crude oil utilisation.

There is also a net greenhouse benefit from bietipsoduction (from tallow) and its
subsequent use as a biodiesel blend. This besedittirely from tailpipe emission savings
due to biogenic carbon dioxide emissions replacfogsil derived carbon dioxide
emissions. The production stage of biodiesel geiicantly higher than the equivalent
volume of diesel production but this is more thdisei by the tailpipe emission savings.
Co-products from biodiesel production, namely gigt@and potassium sulfate make little
impact on the final environmental profile of bicsie® The benefit from the biodiesel per
year is 44 Gg of greenhouse gases for the 45 Mirafuction as shown in Figure 0-1.

The combined reduction from biodiesel and ethangllémentation is 530 Gg per year,
which represents 0.76% of the 2006 greenhouse méssiens in WA and 6% of WA
transport related emission for the same year.

The biodiesel and ethanol facilities both reduce tbtal demand for fossil fuels and
especially the demand for crude oil. Table 0.1 shtvat for each unit of fossil energy (oil
and natural gas) into the biodiesel life cycle, @n#s of usable energy are produced. For
ethanol this ratio is 9.7.

If one focuses on fuel security by examining orilg trude oil and liquid transport fuels
(rather than the overall fossil) as the inputsptiach unit of crude oil input produces 16.3
and 15.0 units of usable liquid fuels for the bess#l and ethanol process respectively.
When energy offsets during the production of ethaare included then the ratio can
increase to 20.3.

Table 0.1: Energy return on fossil energy inputs

Ethanol
Biodiesel  Ethanol without Diesel ULP PULP
biorefinery
Ratio of liquid fuel energy
content per unit of crude oil 16.27 15.01 17.37 0.962 1.009 0.9890
energy
Ratio of total effective energy
output per unit fossil energy 3.32 9.68 1.47 0.942 0.991 0.95p
input

In relation to urban air pollutants, the benefitdmdiesel blends in reducing particulate
matter are well established but are also highlyabée, as is the increase in emissions of
oxides of nitrogen.

For ethanol only an E10 blend was assessed irstinity, but for biodiesel blends from 5%
to 100% were assessed; the environmental impactsimpeof biodiesel utilised did not
vary. This suggests that the most convenient amdtipal blend should be based on
vehicle requirements.



1 Background, Objectives and Scope of Work

1.1 Background

Recently, the Food and Trade Development BrantheaDepartment of Agriculture and
Food (DAFWA) in Western Australia, on the basis amfvice from the Minister for
Agriculture and Food, confirmed the need for a difele analysis (LCA) of environmental
outcomes (including a quantitative calculation ofephouse gas reductions) of biofuels
production in Western Australia. In April 2008, BAequested CSIRO to undertake this
study.

The background to this decision lies in the firggart of the Western Australian Biofuels
Taskforce (Western Australia, 2007), released inl&R007. That report noted that

“The extent to which biofuels provide environmeraall health benefits depends not
only on the type of fuel, but also on how it is guoed and used. Life cycle analysis
(LCA) analysis of locally produced biofuels willvg credibility to their greenhouse
potential, particularly for export markets or wheagbon trading is involved. While
LCA is required as part of the environmental assess of any large new project,
funding for LCA of new technologies may help theavelopment. LCA will lead to
a greater understanding of the greenhouse gas ismdcfuels produced and
consumed in Western Australia. It will also be usethe longer term as part of the
low carbon intensity certification process.”

As a result, the Taskforce recommended (as Recontetien 17):

“That the State Government provide funding for flifie cycle analysis on
greenhouse gas emissions for biofuels.”

Since April 2007, considerable changes to Westeaunstralia’s biofuels landscape have
occurred. Production from the Australian Renewdhlels (ARF) biodiesel plant at Picton,
with a capacity of 45 ML, was suspended in late72@88spite the continuing rise in oil
price. However, production has recently recomméndéere are also plans by Primary
Energy to produce a 160 ML ethanol plant at Kwinaas well as other proposals to
construct additional ethanol facilities in the $tatHowever these plans are uncertain
following a 4 June 2008 announcement that BP hdlecpwut of an agreement with
Primary Energy to build a $300 million ethanol glanKwinana.

1.2  Objective of the study

The objective of the study is to provide DAF withaqtified life cycle analyses (LCAS) of
the environmental outcomes and greenhouse gasienssgising from full biofuel supply

in the State, namely the operation of a 45 ML lesdl plant in Picton, and a 160 ML
ethanol plant in Kwinana. It is assumed that tieéuels produced by these two plants will
be consumed in the form of E10 (10% of ethanol ddehwith petrol), B5 (5% of biodiesel
blended with diesel) and B20 (20% of biodiesel dehwith diesel). The environmental
outcomes associated with these blends will be comopto those of conventional fossil
fuel from BP’s refinery in Kwinana. Each LCA wilrgvide a cradle-to-grave analysis of

http://tinyurl.com/3gglgv




greenhouse gases and other emissions associatbéd eath plant's upstream and
downstream activities. The results of this analgses intended to assist with Government
decision-making.

1.3 Scope of Work

The work consists of the following items:

(1) A literature review and data collation, undketa jointly with DAF, to provide the
background information and the background data exéd quantify the emissions from
likely biofuel operations in Western Australia.

(2) The use of the standard CSIRO methodology tdertake a comparative LCA of
transport biofuels that compares the emissionsa(@ikm travelled basis) to a standard
reference fuel. The reference fuel in the casetldrel is petrol and the reference fuel in
the case of biodiesel is diesel.

CSIRO’s LCA model SimaPro has been used to deterriia life cycle of tailpipe and
upstream environmental emissions: greenhouse gestsja pollutants (CO, NOx, PM
and HC), water use and energy use. This repodsisicted to an examination of Western
Australian greenhouse gas emissions on the basie ARF biodiesel plant at Picton and
Primary Energy’s ethanol plant at Kwinana as thefuals producers. To provide a
comparison of biofuel greenhouse gas emissionsngeantional fossil fuel emissions, BP
Australia’s refinery at Kwinana is assumed to begbpplier of the reference fuels.

The assumptions made in this LCA are that the elhaill be used as a blend of 10% (by
volume) mixed with the reference fuel (petrol) ahdt the biodiesel will be used as blends
of 5% and 20% (by volume) with the reference fulkégel). E10 was chosen because the
Australian Fuel Quality Standards standard forgdimits the maximum ethanol content
to 10%. Although no limits for biodiesel exist inet national fuel standard for diesel fuel,
blends of up to 5% (B5) are accepted by most velm@nufacturers provided the resulting
blend complies with those accepted international fitandards and vehicle manufacturer
recommendations. A blend of 20% (B20) may be vieagan upper limit on acceptable
biodiesel blends in the near future, though modticke manufacturers in Australia
currently refuse to endorse the use of B20 blendkeir vehicles and state that its use will
void the vehicle warranty. As a result, any damegesed when using these fuels is not
covered under the majority of car warranties. s ¢if warranties available from different
diesel producers is given in Appendix 3.

The CSIRO’s standard methodology requires a sé¢siing data that uses the reference
fuel and the test fuel. In the case of biodiese,are unaware of any Australian emission
studies, so we have used the results of the US Bivlliesel Emissions Analysis
Program. In the case of ethanol, though we are awaretiiea€ommonwealth Department
of Environment, Water, Heritage and the Arts (DEWH#ommissioned CSIRO and
Orbital Engine Corporation to undertake testingetifanol fuelled vehicles, the results of
this study have not yet been released. The restiltse NSW petrohol study (APACE,
1998) were used.

3 http://www.epa.gov/otag/models/biodsl.htm




2 An Introduction to Biofuels

2.1 Ethanol from Wheat

Ethanol can be produced in two forms: hydrated anbydrous. Hydrated ethanol is
usually produced by distillation from biomass fenmaion, and is suitable for use as a
straight spark ignition fuel in warm climates or tese as diesohol which is a blend of 15%
ethanol in diesel or biodiesel. A further proce$sdehydration is required to produce
anhydrous ethanol (100% ethanol) for blending wa#trol. Anhydrous ethanol can be
used as an automotive fuel by itself or can be thixéh petrol in various proportions to

form an ethanol/petrol blend that is called pettoho

This study assumes that ethanol produced at Prilaaeygy’s Facility will be made from
several varieties of wheat grown in Western Auitrahd that it will be combined with
petrol to make E10, a blend of 10% ethanol (by na@) and petrol, which will then be
used as a fuel for spark-ignition vehicles.

Beer et al. (2003) assessed emissions (greenh@sss,gcarbon monoxide, particulate
matter, oxides of nitrogen, hydrocarbons and atics), viability and functionality, health
and environmental issues, and Australian DesigreRR(ADR) compliance. The tailpipe
emissions in Beer et al. (2003) were used in gport.

2.2 Biodiesel from Tallow

Biodiesel is a fatty acid ester with similar comibus properties to those of diesel. In
Australia, the most common feedstocks are usedtablge oil (the cheapest), tallow,
imported palm oil, and canola (a proprietary ddnia of rape seed). Any product
containing fatty acids, such as vegetable oil @mahfats, can be used as a feedstock.

Table 2.1: Comparison of some properties of diesadjls and fats and their methyl esters.

Diesel Canola Canola Palm oil Palm oil Beef Tallow
methyl methyl Tallow methyl
ester ester ester

Density (kg/L) 0.835 0.91 0.875- 0.92-0.93 0.859- 0.92 0.877

at 15.5°C 0.900 0.875

Gross calorific 459 39.78 40.07 393 41.3 40.05 399
value (MJ/kg)

Viscosity 3.86 37.7 3.5-5.0 36.8-39.6 4.3-6.3 N/A 4.47-4.73
(mm’/s @

37.8°C)

Cetane number 40-58 39-44 49-62 42-62 50-70 - 58

Source: Beer, Grant and Campbell (2007)

Table 2.1 compares some of the physical and chémioperties of diesel, canola oil and
methyl esters. Vegetable oils have higher densigin tdiesel, but lower energy content
(gross calorific value). Vegetable oils have lowarbon contents than diesel, which means
lower CQ emissions per litre of fuel burnt. G@missions per kilometre travelled may not
be lower, however, due to the lower energy contdntihe vegetable oils and a higher
proportion of multi-bonded carbon compounds. Thejomalifference in physical
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characteristics between a typical vegetable oilhsas canola oil and diesel is in the
viscosity. Canola is more than 12 times as visaisliesel at 20°C, and remains more
than six times as viscous even after heating t&€80°

Tallow is rendered animal fat and a by-product loé fivestock processing industry.
Australian tallow production in 2000-2001 was abdef7,000 tonne (Australian
Renderers’ Association, 2002), most of which wapoeted (68%). Using traditional
processing technology, the biodiesel yield frontotalis about 894 litres a tonne (Beer,
Grant and Campbell, 2007). However, the Energdantdogy adopted in the Picton plant
claims a yield of 100%, meaning that 1 tonne ofotalproduces 1 tonne of biodiesel.
Under these conditions, the yield is about 1,1#6diper ton.

Tallow Prices

1200
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|
800 ‘/
I/ \ =

400

AUS$/tonne
]
[
9
S~

200
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Jun-94
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Jun-96
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Jun-00
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Jun-02
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Jun-04
Jun-05 7
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‘— Domestic Delivered — Export Free On Board (FOB) ‘

Figure 2-1: Tallow Prices (high grade, max 1% FFA)
Source Beer, Grant and Campbell (2007)

From June 1994 until February 2007, tallow priceg\ustralia ranged between $400 and
$700 a tonne (Figure 2.3). If we adopt a trendaye of $550/tonne from Figure 2.3 and
production costs from the spreadsheet provided Bf\WA, biodiesel production costs
were 72 c/L. At a price of $850/tonne (June 20@al)pw biodiesel would cost 98 c/L to
make. Since the initial spike last year, priceseheeached $1,100/tonne (see Figure 2.3),
which corresponds to a biodiesel production cosfizd c/L. As the cost of producing
tallow-based biodiesel is highly sensitive to tlostcof the feedstock, biodiesel producers
such as ARF face a volatile marketplace for they feedstock.

Tallow is sold in several different grades, depegdinainly upon the percentage of free
fatty acids (FFA). Although the name differs froruatry to country, it is usually top
white (edible) that has under 1% FFA, prime 1-2%\F&xtra fancy 2% FFA, bleachable
fancy (good) 2-4% FFA, unbleachable (low grade) TPRA, medium gut 10-15% FFA, K
grade 21% and low gut (dark) up to 60% FFA.

11



3 Western Australia’s Fuel-producing Facilities

3.1 Primary Energy Pty. Ltd.

Primary Energy Pty Limited proposes to establishetiranol biorefinery in the Kwinana
Industrial Area, south of Fremantle in Western Aalg (see Figure 3-1). The proposed
facility will use Western Australian wheat to praguup to 160 million litres of fuel grade
ethanol per year. Umwelt (Australia) Pty Limitedbmitted environmental documentation
for Primary Energy’s project to the Western AuséralEnvironment Protection Authority
(EPA) and the Department of Environment in June 620Qmwelt's website
(http://www.umwelt.com.au/kwinana-ethanojprovides information on Primary Energy
and the Kwinana Ethanol Biorefinery proposal, sstjgg that this facility could reduce
net greenhouse gas emissions from the transpddrdeg 400 gigagrams (Gg) of carbon
dioxide per year.

COCKBURN SOUND

CITY OF ROCKINGHAM

RECREATIONAL RESERVE—~ 2

WMC NICKEL REFINERY

4K PROPOSED ETHANOL”
" BIO-REFINERY SITE:

do?
J
-COOPERATIVE
BULK HANDLING

iRl X .~ EXISTING RAIL LOOP

§ ¢ §

Figure 3-1: Location of the Kwinana ethanol biorefnery

Primary Energy’'s biorefinery will use wheat, elédty, natural gas, water and other
additives such as enzymes to produce fuel gradmethfertiliser, aqueous ammonia and
green electricity. Production will occur in fout@égrated processing units, namely:

* An ethanol plant producing fuel grade ethanol frgnain (Delta-T technology)

* An anaerobic digester plant producing biogas (ctimgf mostly of methane) to be
used to generate heat and green electricity anddaes to be used in fertiliser
production (Bioscan technology)

= A fertiliser plant for drying the 'sludge’ from th@aerobic digesters and production
of fertiliser (Flo-Dry technology)

* A combined heat and power plant (CHPP) which ug¢es liogas from the
anaerobic digester plant to produce green elettideid heat. Heat from the CHPP
will be used to dry the 'sludge’ in the fertiligdant.

Water will be recovered from the process and rexd/¢hrough the biorefinery, ensuring
that there is no waste water released from theggsoc

3.1.1 Sources of Feedstock

There are two main wheat varieties that Primaryrgneavill most likely use as feedstock
for ethanol production at Kwinana: (1) a hard wheslted Wyalkatchemof which about

12



1.0 million tonne is produced in WA; and (2) a sefteat calledCalingiri, of which about
0.5 million tonne is produced.

3.1.2 Refinery and distillery operations — process andrgg inputs

Wheat transported by road and train is cleanededyiland then slurried with water to
form a mass that converts starch to dextrin, a tffgigar. Fermentation of mash produces
ethanol and results in G@ent to a scrubber to recover residual ethanokasetond CO
scrubber (if recovered). The beer resulting fronmfentation is then distilled to 95.5%v/v
purity and dehydrated. The distillation-dehydratgystem is integrated and is based on

Delta-T molecular sieves technology.

Distilled grains and condensed solubles are ferementithin an anaerobic digester to
produce biogas which is combusted in steam usdtidnplant. AQueous ammonia and
water are also produced. The flow diagram of theplete process is shown in Figure 3-2.
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Figure 3-2: Process description for proposed Kwinaa bioethanol plant
Source: Grant, Beer and Olaru (2005)

3.1.3 Production capacity

The Primary Energy biorefinery plant will produc601ML ethanol per year, requiring
about 435,000 tonne of wheat (dry basis) or 4751000e of wheat (as received). The
wheat is assumed to possess a starch content of 8@¥ture content (as received) of

9.2% and to yield 0.42 kg of ethanol per kg ofdtar

3.1.4 Downstream use of ethanol as fuel — emission facpplicable to E10

The Federal Government is presently conductingidysbn the emissions associated with
the use of E5 and E10 as a motor vehicle fuel. aBse the results of their study are not
yet available, APACE Research (1998) provided tlagnmsource of data for assessing the
tailpipe emissions from ethanol blended with petagjainst petrol. For uncertainty

analysis, we have also examined Orbital Engine Gam§2004) data on trials conducted
in 2003-2004.
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3.2 Australian Renewable Fuels Pty Ltd

Australian Renewable Fuels Ltd was founded by Aroadenergy Ltd in 2001. Until the
company shutdown both plants late in 2007, ARF peced biodiesel at Picton and at
Largs Bay (near Adelaide). Both plants were opene2D06 and have an annual capacity
of 45 million litres (ML) each. However, in Jun®dB, Australian Renewable Fuels
announced renewed production at Picton of about@mih plant capacity. The technology
used in these plants was developed in Austria rdega. ARF has secured the rights to
the Energea technology for a continuous biodiesahufacturing process using tallow,
used cooking oil and canola in Australia and Ndktherica. By-products include 4,000
tonne of raw glycerol and 1,200 tonne per annursulfiate of potash fertiliser in paste
form.

Figure 3-3: Australian Renewable Fuel's Biodiesel Plant at Rton

3.2.1 Sources of Feedstock

Tallow production in Western Australia is approxieig 40,000 tonne (Western Australia,
2007) and about 20,000 tonne would be availablettferbiodiesel industry. All tallow
produced and transported in WA is by trucks. Treakdown of the available 20,000 tonne
from the main tallow producers is given in Tablg.3.

Table 3.1: Tallow Producers in WA

Company Location | Distance (km) | Source(s) Tonnage
Harvey Beef| Harvey 30 Beef 10,000
Tallowman Midland 180 Beef, sheep, poultry, pigs 00D,
Walshes Bunbury 5 Sheep 500
Fletchers Mt Barker| 240 Sheep 1,500
Furtels Midland 180 Beef, sheep, poultry, pigs 0,00

Source: Department of Agriculture and Food, WA,0&0

Australian Renewable Fuels (ARF) has an exclusixeyear feedstock supply agreement
for fat or tallow with Gardner Smith, Australia'sarket leader for the delivery and storage
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of fats. Gardner Smith has advised that most oftalew for the Picton plant would be
sourced from within WA (see Table 2.1) and, if diddial tallow was required, it would be
shipped from Brisbane to Fremantle and then tru¢&d®icton which is approximately 180
km south of Fremantle. Also, Gardner Smith hasoball network of offices in Australia,
New Zealand, Singapore, China and South AfricajngivARF access to additional
regional supplies from New Zealand, Indonesia, Mgl and some South American
countries.

3.2.2 Plant operations — description of process andrgy inputs

ARF’s biodiesel plant at Picton uses Energea’s toious Trans Esterification Reactor”
(CTER), a pressurised and continuous technologgldped in Austria. Energea’s main
innovation in biodiesel technology has been deedrés “microelement-enhanced reaction
kinetics” (Holecek, 2007). This patented CTER psscés reputed to lower investment
costs and achieve almost 100% yield, meaning thahde of feedstock makes 1 tonne of
fuel. Plant installations are built in containezesi modules that require less space than
other biodiesel modules of a similar capatity

Energea’s multi-feed-stock technology can proces®ous feedstocks, like used cooking
oil, tallow and vegetable oils. It produces biodiethat meets international fuel quality
standards such as EN 14214. Transesterificationrect elevated temperatures and the
whole process is completed in about 20 minutesERCTises acid, an alkaline catalyst, and
relatively low ratios of methanol to oil. Accordingp Australian Renewable Fuel’s
websité, ARF personnel have “further optimised and devetbfhe Energea process to
produce excellent conversion, yield and no envirental discharges”.

-

<

|

I
i

Figure 3-4: Energea’s CTER processing units - 12@hne/day (Source: Holecek, 2007)

4 http://www.energea.at/

5 http://www.arfuels.com.au/
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3.2.3 Production capacity

ARF’s plant at Picton can produce 45 ML of biodlesgch year, for which about 39,600
tonne of tallow is needed.

3.2.4 Downstream use of biodiesel as fuel

The results of the US EPA Biodiesel Emissions AsialfPrograricontains a bibliography
of biodiesel studies, a biodiesel emissions daw@lsit does not contain any information
on B5 emissions, although it does contain data 0, B20 and B100 emissions) and a
comprehensive report that summarised the resultsiaafiesel studies conducted up to
2002. This report (US EPA, 2002consists of a compilation of 39 different studies
(extracted from 80 studies of which 39 were congiddo be credible); the majority were
on B20 and B100, but there was also a fair numb&50, B40, B30 and B10 tests with a
small number on B70, B80, B60 and B90. These reswdte collated and curves produced
to indicate the variation in tailpipe emissionstlas biodiesel content of the blend varies.
The results of this study were used to determimetéipipe emissions for all biodiesel
blends.

3.3 BP Refinery (Kwinana) Pty Ltd

BP’s refinery at Kwinana is Australia’s largest oéfinery, producing approximately
140,000 barrels of refined crude oil per day. Oplanel955, the refinery produces a range
of fuel and petroleum products for the domestic argort markets. At Kwinana, BP
produces various products made from oil, includBfg Ultimaté" and BP Ultra Low
Sulfur Diesel (ULSD).

Figure 3-5: BP Australia’s Refinery at Kwinana

Courtesy of BP Refinery (Kwinana)

6 http://www.epa.gov/otag/models/biodsl.htm

7 http://www.epa.gov/otag/models/analysis/biodsl/@@PAdf
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Four basic processes are carried out by BP at Kwaiinana refinery to convert crude oil
into a range of marketable products.

1

SEPARATION Physical separation using distillation is theibgsocess carried out
in the refinery. When crude oil is heated, vapoars generated which differ in
composition from the remaining liquid. This prinigps used to separate the crude oil
into a number of different components. Vacuum [igion is also used to remove
waxy high boiling range components which remairtha atmospheric residue. This
process enables heavy oils to be boiled at tempesatoelow their normal boiling
points, thus avoiding thermal breakdown of the bgdrbon molecules.

CONVERSION Kwinana'’s catalytic reformer uses a platinum ldasatalyst within
the reactors to convert low octane naphtha feekdtom the crude distillation units
to a very high octane product that is used in peimd aviation gasoline blending. The
catalyst within the reformer is continuously regemed to enable maximum
processing efficiency. Hydrogen, a by-product ofabdic reforming, is used in a
number of the other refinery processes. Isomeosas another conversion process
used within the refinery. Light naphtha feed isggaisover two reactor beds containing
a palladium catalyst. The straight chain low octanelecules are changed or
‘isomerised’ into branched high octane moleculebese are then recovered and
blended into petrol and aviation gasoline. In thesiBue Cracking Unit, heavier and
less valuable components are converted into ligler more useful substances. The
products from the catalytic cracking process remdurther treatment, usually to
remove sulfur, before they can be blended intoopetr other products. Alkylation
converts several refinery gas streams into a liguatluct suitable for blending into
aviation gasoline or petrol. Isobutane is combiméth butylene to form alkylate.
Hydrofluoric acid is used as a catalyst.

PURIFICATION: The main purification process used at Kwinandeisulfurization, in
which sulfur is removed from the different hydrdoamn components. An example of a
purification unit is the Diesel Hydrofiner Unit wdh treats gasoils from the Crude
Distillation Units and the Residue Cracking Unithel gasoil is combined with
hydrogen at a high temperature and pressure iprégence of a catalyst containing
nickel, cobalt and molybdenum. The sulfur in theddmgarbon compounds is
converted into hydrogen sulfide gas. Clean lowwsutfiesel is produced as a result.
The hydrogen sulfide gas is converted into sulfuha Sulfur Recovery Units.

BLENDING: Blending in the refinery’s tankfarm is the finsiep in production of
refinery products. Different refinery component® dlended together in suitable
proportions to meet various product specifications.

17



4 Life Cycle Assessment (LCA)

41 Goal

The main goal of the study is to perform a Life @y@ssessment of environmental
outcomes and total greenhouse gas emissions assbwidh the operation of ARF’s 45

ML biodiesel plant in Picton and Primary Energy'®mosed 160 ML ethanol plant in

Kwinana. A secondary goal is to compare the outsoafausing E10, B5 and B20 blends
with the environmental and greenhouse gas emississsciated with production and use
of petrol and diesel produced at BP’s petroleurmegy in Kwinana.

4.2 Scope

This and the following sections describe in gent¥ahs how the LCA is undertaken, the
system boundaries and allocation procedures, goesehgas emissions, air pollution and
other aspects of the study. A more general intrbonco LCA may be found in Graedel &
Allenby (1995) and Weidema et al. (2004). The imational standards contained in the
14040 series (International Standards Organisa006) provide a basic framework in
which to undertake LCA. When LCA is applied to greeuse gas emissions in
agriculture, all pre-farm, on-farm and post-farmigsions of carbon dioxide, methane and
nitrous oxide should be included. A full life-cycmalysis of emissions takes into account
not only the direct emissions from vehicles (whiale referred to as downstream
emissions) but also those associated with theduel’

. Extraction
. Production
. Transport
. Processing
. Conversion
. Distribution

Emissions at the above stages are referred tosiseeam emissions and, in the context of
automobile fuels, they are also referred to ascprabustion emissions.

The Bureau of Transport and Communications Econ®rBd CE, 1994) uses the term
‘full fuel cycle’ for the situation that takes inccount emissions from all energy used in
achieving a given transport task with a particledl. The full fuel cycle contrasts with the
more basic analysis of tailpipe emissions. A lijele basis for estimating fuel emissions
for a particular fuel takes into account emissionsehicle manufacture and vehicle life,
whereas a full life-cycle analysis sets the sysib@undaries much wider and incorporates
emissions from the associated infrastructure. Ene t'well to wheel emissions” is also
used in the analysis of automotive fuels.

Life-cycle analysis is often used to determine #meount of upstream energy used to
construct a particular object. The term ‘embodiadrgy’ has achieved widespread use to
denote such energy. However, the term ‘embodiedsars’, to cover the full fuel-cycle
emissions of gases or pollutants, would be a migmpbecause emissions are emitted, not
embodied. Thus, in this report, we use the termutative life cycle emissions.

Emissions related to vehicle manufacture, maintemamd disposal, and road building are
relevant to total transport emissions, but theyraklikely to vary significantly with the
nature of the fuel used. The infrastructure assediavith refuelling will, however, vary
with the different alternative fuels.

18



4.2.1 System functions

LCA results are always calculated relative to tbévery of utility or function, commonly
a product or service. Most product systems aresiedlaround a primary function while,
along the way, contributing to other product sysemproviding other utilities that can be
seen as secondary functions.

Bioethanol Plant

The primary function of the biorefinery is the production of fuel-gragianol for use in
transport fuels in Australia. By virtue of the dgsiof the biorefinery, a number of other
significant functions (products) are produced whaohld arguably be the primary product;
for example, electricity. However, given that thecds of the refinery is ethanol
production, ethanol has been identified as the gmyrfunction.

The secondary functions of the biorefinery, as configured with the anagérabgester, are
assumed to be: greenhouse-neutral electricity mtemhy compost production; and
ammonia production.

Potentially, the process can also be used to peodadon dioxide and thermal energy,
although markets for these products are not cietira current plans.
Biodiesel Plant

The primary function of the biodiesel plant is the production of fuekde biodiesel for
use in transport fuels in Australia. Because oterolatility in the marketplaces for
tallow, biodiesel and glycerol, conditions mightsarwhen the main co-product, namely
glycerol, could be regarded as the plant’s prinfangtion.

Thesecondary function of the biodiesel plant is assumed to be glycerotipction.
4.2.2 Functional units

The functional unit in LCA quantifies the systermdtions and defines the basis for
comparison of systems alternatives. The functiom@l should incorporate all the services
provided by all the scenarios.

The functional unit for our study of the bioethangfinery is:

e production and utilisation of fuel as E10 (a blémdvolume of 10% ethanol in
petrol) for 1 kL of pure ethanol (blended with 9 kf ULP), enough to fuel a
family vehicle for 80,000 kilometres

This results in several outputs/co-products (amoumparentheses for basic scenario):

» production of electricity (1.764 MWh or 6.35 GJ)

» production of phosphorus in compost (41.6 kg @ié¢rsuper phosphate)

» production of potassium in compost (21.9 kg of psitam chloride, KCI)

» production of nitrogen in compost and ammonia (§Qikea and 20.6 kg ammonia)
The functional unit for our study of the biodiesefinery is:

» production and utilisation of fuel as B5 (a blengl \wmlume of 5% biodiesel in
automotive diesel) for 1 kL of pure tallow biodiegblended with 19 kL of
automotive diesel), enough to fuel a medium rigictk for 70800 kilometres

This results in two co-products (amounts in paresgis for basic scenario):

* production of low quality glycerol (97.78 kg)
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» production of potassium in potassium sulfate (1&$K,SOy)

For BP Kwinana the functional units are productaomd utilisation of 1 kL of the various
fuels (automotive diesel, 91 RON ULP, 95 RON PUldd 88 RON PULP) in a medium
rigid truck or family car as appropriate, as pev\ah

4.2.3 System boundaries and co-production.

4.2.3.1 Introduction

Life cycles of products consist of many individymbcesses which describe the flow of

material and energy along a supply chain to delg@ds and services. The processes
which are included in an LCA are defined by theteys boundary which separates

included and excluded processes in an LCA. Idedllgonnected processes in an LCA

would be included; however there are a numberadars for excluding processes from an
LCA. These are:

» the process is considered small enough to ignarendhe study’s aims; and
» processes which will be the same for all optiorsesased which could be either:
0 process common to both production systems, su#kldsle production for
fuels LCA
0 processes that would be expected to be differentatminot due to other
market drivers and constraints, such as beef ptau from tallow
utilization. Beef production is driven by demaimd beef and not tallow, so
beef operations and rendering will not change asiaiel for tallow
increases.

4.2.3.2 Approach for dealing with co-production in life ¢gs

In this LCA co-production is both an issue for tfeedstock used (e.g. tallow is a
by-product of beef production processes) and ferfttel production processes (such as
electricity produced from the ethanol biorefinerybitumen from the petroleum refinery).
A methodology needs to be applied to determineaphpropriate environmental impacts of
these co-produced materials. The two main optiensilable for dealing with
co-production are:

* to split emissions between the product streamsowhkras allocation, or

* to expand the system boundary to take into accbhomt the potential flow-on
effects change demands for each co-product — knewnsystem boundary
expansion.

The two basic approaches are shown in Figure 4hg. ilternational standards on life
cycle assessment (International Organization foan@rdization, 2006) state that
allocation should be avoided where possible throtigh use of system boundary
expansion. Where this is not possible allocatiooukh be undertaken using either causal
relationships, based on economic, or physical ptagseof the co-products.

These two approaches — allocation and system boyredgansion are referred to as
attributional andconsequential LCArespectively (Ekvall, 2002).

Consequential LCA (sometimes referred to as change-oriented LCAketdrased LCA,
marginal LCA, or prospective LCA) sees LCA as d foo measuring the consequence of
a product or process substitution (including praduodifications, material substitutions,
regulation of interference in consumer behaviowr sm on) Consequential LCA attempts
to measure the impacts of additional productioa o¥duction in production.
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Figure 4-1: Approaches to allocation in LCA

Attributional LCA (also referred to as retrospective or descripliv®?) is a more
traditional approach to LCA and describes a prodiystem that allocates co-products
based on economic value, mass, energy, or othé@ruaéts of the system (when physical
causation cannot be used to allocate co-produ@&#)ibutional LCA intends to measure
the average impact of production. One of the ncostmonattributional allocations is
economic allocation because it represents the a@ner behind production, and may be
the only comparable attribute between all co-pre¢gluc

The difficulty with system boundary expansion iatth requires a good knowledge of the
market forces that result in the product subsubtutit is also complicated by the fact that
many co-products are competing with other co-prgle¢veidema et al. 2004). It is
necessary then to follow the product substitutidraic back to a point where a
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“determining” or “main” product is found for whicproduction can be expanded or
contracted in line with economic demand. Allocatio&is been avoided in this study,
where possible, through the use of an expandedmyisbundary approach.

In the LCA studies reported here, system boundgparmsion has been used wherever the
fuel is produced from the non-determining co-prddecg. tallow). Where a determining
product is to be used as a fuel, such as for wieeahomic allocation was applied due to
difficulties and additional work in applying expatsystem boundaries.

Table 4.1 Allocation approaches in bio-fuels LCA

Main product

Process of interest Co-product(s) Allocation approach
Each crop carries the burdens of its own
roduction. No impacts from Lucerne or legumg
Integrated Sheep, canola, P P 9

farming system

Wheat crops

pasture, lupins
crops

crops are carried over into the wheat crops,

although the state averages of these crop systefns

would incorporate some effect from intercroppin

D.

Off specification wheat is assumed to be used irj
beneficial uses such as blended with higher
quality wheat for export. When off specification

is

o

Off wheat is not available food-grade wheat will be
Food grade  specification used - therefore off specification wheat is
Wheat crop wheat wheat, wheat  included as part of overall wheat yield and not
straw discounted in this study
Straw is ignored as it is either worth very lite
saleable product or is incorporated as part of thg
no till system.
Electricity System boundary expansion is used. Electricity
. Compost with  taken to offset average WA grid power (2005-6
Co-production g
at the Anhydrous  high phosphate dz_;\ta) _
biorefinery ethanol and potassium  Nitrogen, phosphate and potassium offset urea,
content triple super phosphate and potassium chloride
Ammonia respectively based on NP and K concentrations
System boundary expansion is used. Tallow is
Beef assumed to compete in the world market with
. Beef Tallow palm oil, therefore the diversion of tallow into
production biodi . :
iodiesel is assumed to increase demand and
production of palm oil.
Biodiesel System boundary expansion is used. Glycerol i
) Biodiesel Glycerol used for pig-feed which offset the need for
production . .
production for pig-feed.
Premium Energy content used for basic fuel production

Fuel production

unleaded petrol Other fuels

(PULP)

(unleaded petrol (ULP)) and then economic
allocation for upgrading of ULP to PULP

4.2.3.3 System boundaries

The system boundary describes the processes tcheled into the study. In this study
all fuel production processes and feedstock supplycesses are included. Capital
equipment and infrastructure are universally exetudrom the study, based on its
expected low contribution to the overall environita¢impact of the fuel used.
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The system boundary diagram Figure 4-2shows the processes included for biodiesel
production. It shows that the beef system is noiuded in the study as tallow is taken as
a non expanding co-product of beef. This meansth®asupply of tallow is constrained by
the amount of beef production, so that if somehaf ¢xisting tallow is used for a new
purpose (such as biodiesel production) then thstiagi users of tallow will need to find a
substitute product.
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from ralr?forest < Clearing rainforest carbon fr(?m land ancillary materials
clearing clearing
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palm steam production 7 electricity

l
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| Fuel blending and | Combustion of fuel o/ traveledin
distribution for power light
vehicle
4 'Y
o Vehicle
F'uel distribution manufacture and
infrastructure maintenance

System boundary for LCA

Figure 4-2: System Boundaries for Biodiesel Produitin

The system boundary for the ethanol biorefinerydgtis shown in Figure 4-3. It

incorporates all farming operations, transport ddirg to the biorefinery, all facility

operations and inputs, blending and transport ef, fand, finally, the fuel combustion.
For conventional fuel, the processes include od gas production, transport, refining,
and fuel combustion. For electricity co-productiohe system boundary includes fuel
extraction, transport and combustion. Line losseselectricity distribution are not

included as they are assumed to be similar fealrces of electricity.
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For phosphate fertiliser, production includes atigesses except those which contribute
to Nitrogen (N) content. For potassium fertilise™daammonia, production includes all
processes from raw material extraction to manufactu

Capital equipment manufacture on the farm and maigpaddock establishment are
excluded from the system boundary. Capital requaresn for the biorefinery are also
excluded in the main calculations, as they are rifmeries for conventional fuel

production (see Figure 4-4).
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Figure 4-3: System boundary for Ethanol BiorefineryLCA
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The study is only concerned with greenhouse gas3fdrhpacts arising from substances
that have been identified as having global warnpoggntial. Greenhouse gas impacts are
calculated using global warming potentials recomaeeinby the Intergovernmental Panel
on Climate Change (IPCC).

The greenhouse gases considered in this repodasiben dioxide, methane and nitrous
oxide. The concept of a global warming potentiaM(® has been used to enable
different greenhouse gases to be compared with ethelr and expressed in equivalent
carbon dioxide. The GWP factors reflect the differextent to which gases absorb
infrared radiation and the differences in the tissales in which the gases are removed
from the atmosphere. The GWP is used in the NdtiGoanmunications required by the
UN Framework Convention on Climate Change. The Ky@totocol has adopted GWPs
(with a 100 year time horizon) as the basis foirgied) equivalences between emissions
of different greenhouse gases during the 2008—-2@h2mitment period. These GWPs
are given in Table 4.2.
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Table 4.2: 100-year GWB

Gas GWP
Carbon dioxide 1

Methane 21
Nitrous oxide 310

Carbon sequestration from compost application ctugred as sensitivity from fertiliser
application. Carbon sequestered in soil is caledldty the weight of carbon assumed to
be sequestered multiplied by the molar ratio oboardioxide to carbon (44/12) to give
the equivalent amount of carbon dioxide removedmfréhe atmosphere. Other
greenhouse gas contributions are tracked throughlité cycle; however none rates
significantly in the results.

4.2.5 Compliance with 1ISO14040 series standard on Lifeklpssessment

In general the methodologies applied in this stadyin compliance with the 1ISO 14040
series standards In particular we have endeavoured to follow thandard on the
following points:

Allocation procedures: For multi-product systems we have opted firstrjoexpanding
the system boundary to eliminate the need for atlon. Where this has not been practical,
allocations have been made on energy contenti(ergfineries) or economic value (e.qg.
agricultural products). Sensitivity studies haverendertaken using alternative allocation
procedures where there is some question over tipeoaateness of the allocation
procedure and where an alternative method is pessib

Indicators: The two main indicators being examined in the gebgare global warming and
air quality. In the case of comparative asserti@hsased to the public, the standard allows
for calculation of indicator results (characteligas) that are internationally accepted. The
greenhouse indicator is clearly internationallyemted, with the characterisation factfrs
being developed by the IPCC. For the air qualitligator, the use of such an indicator is
not uncommon internationally. However, internatioaeceptance of the characterisation
factors that are used is unlikely given the loalire of the air quality impacts and the fact
that the values are based on this local situa@@mpliance on this point is unclear.

4.2.6 LCA Modelling

Life-cycle analysis was done using SimaPro 7 sofw&imaPro 7 is an open structure
program that can be used for different types dd-difcle assessments. The production
stage, the use stage and the end-of-life scenamnobe specified in as much detail as

8 http://unfcce.int/ghg_data/items/3817.php

° The series include 1SO 14040 (International StesislaOrganisation, 2006) which gives a general
framework and ISO 14044 (International Standardga@isation, 2006) which along with 1SO 14040
outlines the inventory assessment, impact assessameh interpretation, which used to be in the (now
replaced) ISO 14041:1997, 14042:2000 and 14043:8000ments.

% The characterisation factors are considered mréport to be part of the third mandatory stagenpiact
assessment [see page 3 of International Standag#iSation, 2001] as they apply to one damagea@ntp
— human health effects from urban air pollutioneTalues could be considered as weighting factods a
thus part of impact weighting [stage three of th&amal impact assessment process, which is nowvell by
the standard in the case of a comparative assegieased to the public.]
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necessary by selecting processes from the datamaséy building process trees, which
can be drawn automatically by the program. Theltesue presented in scores or graphs,
varying from a list of substances (inputs and otgpuharacterised scores, normalised
scores or evaluated scores.

An alternative life-cycle model for alternative fsemuch used in the United States, is the
GREET model developed at Argonne National Laborasor The GREET model is based
on Excel spreadsheets. It is thus easier to ume $imaPro but lacks the flexibility of
SimaPro.

5 Life Cycle Inventory Analysis

5.1 Feedstocks

5.1.1 Wheat production

The two most popular wheat varieties used as feekisfWyalkatchenand Calingiri have
yields that are 1.8 t/ha and 1.75 t/ha respectivielis assumed that material and energy
inputs are identical for both varieties. As listedDelta-T (2007a and 2007b) identical
ethanol yields of 0.4225 kg per kg of wheat stanehobtained on average.

Key parameters for wheat production are shown ihld&.1. The materials input and
output data are shown in Table 5.2. The resulgreenhouse gas emission per ha are
shown in Figure 5-1. This figure is in the formao$tandard SimaPro flowchart. The final
result can be found in the top rectangle insidectvitihe values indicate that 1 ha of wheat
production produces 1.75 tonne of wheat and hasclitle greenhouse gas emissions of
361 kg of CQ-e. The rectangles below the top rectangle inditiadt the greenhouse gas
emissions are dominantly comprised of emissions fooea manufacture (80.8 kg of €O
e), NPKS fertiliser application (141 kg of G®) and fuel use in tractors (88.5 kg of £0
e). Greenhouse gas emissions as a result ofistitlgance are not explicitly shown in the
flowchart but are included in the greenhouse gassams balance. Stubble retention
involves complicated greenhouse gas emissionsalgndsavings.

We note that the values in Figure 5-1 imply a tfele emission of 206.3 kg of Gé for
the delivery of one tonne of wheat. This compavéh a value for Western Australian
wheat of 171 kg of C@e per tonne obtained by Biswas et al. (2007),26%kg of CQ-e
obtained by Barton et al. (2008, pers. comm.).
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Table 5.1: Key parameters for wheat production in WA for bioethanol

m

Parameter Unit Value Min Max | Comment
kg Nitrogen input in form kg 40 20 50
of urea
NPK used kg 120

. . kg N/kg
Nitrogen in NPK NPK 0.32

. kg P/kg
Phosphorus in NPK NPK 0.1
Fraction on Nitrogen N/kg N - Biswas et al.
volatilised applied | 00002 | 00002 0.0125 5547y
Number of pre-cropping 2
spray runs
Number of in crop sprays 2
Fuel use per spray run L/ha 2 1.5 3 Tractor use
Fuel use per seeding run L/ha 7 5 9 Tractor use
Fuel use per harvest run L/ha 7 5 9 Tractor use
Transport of crop L/ha 2 1 3 transport on far
Seed usage kg/ha 75
Yield of wheat 1.8
t/ha for

. 1.75 or Wyalkatchem and

Yield of wheat t/ha 18 1.5 2.5 1.75 t/ha for

Calingiri.
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Table 5.2: Input and output data for 1 ha wheat praluction

Flow Unit Value
Products

Central WA Wheatbelt (Calingiri) Wheat, Stubbleergion t 1.75
Resources

Occupation, arable, non-irrigated ha.a 1
Materials and Energy

Urea, at regional store kg 87
Fertiliser, NPKS 32%/10%/0%/0%, at regional store g k 120
Glyphosate 41.5%, production and application kg 2
Diuron, at regional storehouse kg 0.5
MCPA, at regional storehouse kg 0.5
Central WA Wheat belt seed wheat, Stubble reterit@d?%o kg 75
Tractor, per MJ fuel input MJ 851
Emission to Air

Nitrogen volatilisation kg 0.0157
Waste to treatment

Stubble retention t 3.06
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12468 kg 77.922 kg 31843 kg
el | || [ o
I :
Urea (granulated)/AU U| Rigid truck transy port, Diesel, at consumer/AU| Tractor 3 Iy AU,
52364 kg 92,057 M) [ 0.036973 m3 [ 4.1558 kg [
uuuuuuuu m Rigid truck operation, Diesel, automotive/AU Glyphosate 41.5% in
phosphate/AU U diesel/AU U water, AU, Delivered
| | — —— _ _ _ _
u u Just fuel, CO2,CH4, & ecoinvent data
77775kg CO2 e 15801 kg CO2 e = 11522 kg CO2 e L [29.781 kg CO2 e ] 9579 kg CO2 e L [9.5225 kg CO2 e - 35438kgCO2e ]
|
|
0413 kg 61721 kg 7 0059324 m3 106.74 M)
Natural gas, high ‘Sulphur/AU U Crude oil exploration Energy, from fuel oil/AU|
11743 m3 [ 21828 M) 7
Natural gas, high Energy, from diesel/AU
11743 m3 [ 92232 M)
Natural gas, Electrictiy black coal
processed/AU U NSW, sent out/AU U
8159 M) [ 11336 kg
2001-02/AU U processing plant
2001-02/AU

Figure 5-1: Process network showing major (contribting 2.5% or more of the total value) flows
(upper value) and cumulative greenhouse gas emiss®(lower value) for 1 hectare of Calingiri wheat
production

5.1.2 Tallow market substitutes

Using a consequential LCA analysis, the use obwals not assumed to result in changes
in beef production. Tallow supplied to Picton ssamed to be taken from tallow exports
and local tallow sourced in WA will either be fraeristing users, but more likely from the
taken from currently exported tallow. Weidema (2083serts that the marginal supply of
oil (depot fats) in the world market is palm oil $sois is used and the production
consequence of tallow utilization in biodiesel ireStern Australia. If tallow is taken from
local users it would be reasonable to assume tloeydasource canola oil rather than palm
oil as a replacement. Given the uncertainties atdaliow export distances and palm oil
import distance to the displaced users, no transparcluded in the change from export of
tallow to local use of tallow and import replacensemy existing users in existing
countries.

There are a number different assumptions that eam#&de for tallow market substitutes
and these are examined in detail in Appendix 2.
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5.1.3 Tallow from beef using economic allocation

In the economic allocation approach the emissioos fbeef production are allocated to
each of the many co-products that are derived tlmhproduction, as shown in Table 5.3.
It is therefore necessary to understand the bggdlgsector and its co-products. In order
to achieve full scale (45 ML) production, half dfettallow will need to be sourced from
Brisbane, as shown in Table 5.7 (based on Tablgéhd allowance has been made in
Table 5.3 for the emissions associated with Quaedsland clearing and savannah
burning.

Given the focus of this study on greenhouse gassoms, and the dominance of enteric
fermentation and land clearing on the greenhousg@of beef production, the inventory
for beef production has been kept very simple.

The allocation factors for beef co-products arewshin Table 5.4 and the allocation of
rendering feed stocks is shown in Table 5.5. Rengdeedstock is 4.5%, by value of
total beef products. There are two types of rendeproducts produced: meat and
bonemeal (MBM) comprising 36.8% and tallow compmigi63.2% by value. By
combining these tables, tallow is allocated 63.2%.5% which is 2.83% of the total beef
production being allocated to tallow supply. Thisup from 1.6% which was used in
comparison of transport fuels in 2001, which is tuéhe increased value of tallow on the
world market. The inputs to rendering given in [Eah.6 are taken from Ecolnvent but are
modified to Australian energy sources.

The resulting greenhouse impacts and process ffwevshown in Figure 5-2. The tallow
supplied carries a small proportion of the beetisadmpacts, which is why 177 kg of
beef sector production is allocated to the 1170okgendering feedstock even though
approximately 4000 kg of beef production is requipghysically to produce 1170 kg of
rendering feedstock. Rendering feedstock is tilenaed between meat and bone meal

Table 5.3: Inventory data for beef production 200637

Flow Unit | Value Comment
Products
Beef production kg 1000

Materials and Energy

Corn, off specification,
used for silage

$39M dollars of grain at $200 per tonne for

kg 88.6 2.2M tonne beef

Emissions to air

Enteric fermentation. Based on 36,800 Gg
Methane kg 796 COy-e or 1752 kg Chland 2.2Mt beef
production 2006-07

Carbon dioxide, land Land clearing based on 50500 Gg&©and

transformation kg 22955 2.2Mt beef production 2006-07
Nitrous oxide kg 1.97 Urine deposition

Savannah burning4® 12000 t/a based or
Nitrous oxide kg 107 | CO,-e value being made up of 43% nitrous

oxide contribution

Savannah burning 234790 t/a based o
Methane, biogenic kg 5.45| CO»-e value being made up of 57% methane
contribution

=]

31



Table 5.4: Allocation of beef co-product based onalue

Input parameters Mass Price per kg | Value ($/kg) | Allocation
Beef carcass 550 $8.20 4510 87.6%
Hides 60 $0.23 135 0.3%
Offal 98 4.00 392 7.6%
Rendering feedstock 292 0.79 230 4.5%
Total 1000 5146 0

Source: Prices from MLA Meat co products monthiga® and internet spot prices (2008)

Table 5.5: Allocation of rendering co-products basa on value

Mass Price per kg | Value ($/kg) | Allocation
MBM Mass 460 $0.65 $299 36.8%
Tallow Mass 540 $0.95 $513 63.2%

1000 $812

Table 5.6: Inventory data for rendering 1000 kg bek

Flow Unit Value
Products outputs
Tallow, from beef T 0.54
Meat and bone Meal, from beef T 0.46
Materials and Energy Inputs
Rendering feedstock T 1
Energy, from natural gas GJ 8.39
Electricity, high voltage, Australian average MWh 1716
Water — reticulated T 5.4

Delivery from tallow sites is described in chapBiand the calculation of the average

transport needs per tonne is provided in Table 5.7.
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Table 5.7: Transport distance calculation for deliery of tallow.

Distance ..
to Picton Shlpplng :
Company b distance | Mass from this source
y truck (km)
(km)
Harvey Beef 30 10000
Tallowman 180 7000
Walshes 5 500
Fletchers 240 1500
Furtels 180 1000
Brisbane 179 4500 20000
Average per tonne 162 2250

1000 kg
Tallow, at processing
plant

13888 kg CO2 e

1000 kg
Rendering beef waste

13803 kg CO2 e

Domestic Shipping in

65.562 kg CO2 e

2442.5 tkm

Australia

—
1170 kg 9952.7 MJ 739.79 M]

Beef Cattle Standard gas Electricity HV

combustion

13021 kg CO2 e 579.01 kg CO2 e 201.44 kg CO2 e
177.1 kg 9952.7 M] 739.79 M1

Beef production Energy from natural Electricity HV

gas

13021 kg CO2 e 579.01 kg CO2 e 201.44kg CO2 e

Figure 5-2: Process network showing greenhouse ersisns for tallow supply to biodiesel based on

economic allocation per tonne of tallow supplied.
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5.1.4 Canola

While the underling assumption is that biodiesdl & derived from tallow in Western
Australia, canola is of interest for two reasonghe first is that canola may be used
directly for biofuel production: either to increatiee fuel quality of biodiesel or when
tallow supplies are limited. The second reasainas the use of tallow in biofuel may, in
some instances, lead to increased demand for cailottue to current users of tallow
switching to canola, as tallow is diverted to bes#l. Note that while this is possible, the
underlying baseline assumption in the study is thast of the tallow used for biodiesel
production will be taken from currently exportedldes, and in these instances the
overseas users are expected directly or indiréacthubstitute with palm oil.

Key parameters for canola production are shownahld 5.8. The materials input and
output data are shown in Table 5.9. The resulgregnhouse gas emission per ha are
shown in Figure 5-3. This figure is in the formao$tandard SimaPro flowchart. The final
result can be found in the top rectangle insidectwhhe values indicate that 1 ha of
production produces 1.2 tonne of canola and hasciitle greenhouse gas emissions of
398 kg CQ-e. The rectangles below the top rectangle indithat the greenhouse gas
emissions are dominantly comprised of emissions fuoea manufacture (102 kg &€),
Nitrogen fertiliser application (77 kg G&) and fuel use in tractors (103 kg £€).

Canola production is only one part of the upstredage of biodiesel production. Canola
oil production is the next stage. Figure 5-4 shomes process network for production of
crude canola oil from canola seed. There is anjr@gse credit to canola production from
the use of canola feel in cattle feed that is w@@8 kg CQ-e. The net greenhouse
impacts of crude canola production are 868 kg-€0O Apart from the canola input other
significant contributions are steam and electricity

Table 5.8: Key parameters for canola production inVA

Parameter Unit Value Min Max | Comment
Nitrogen input kg 50 30 70

Phosphorus input kg 20

Fraction of Nitrogen N/kg N + Biswas et al.
volatilised applied | 0003 | 00031 00123 5547y
Number of pre-cropping 2

spray runs

Number of in crop sprays 2

Fuel use per spray run L/ha 2 15 3 Tractor use
Fuel use per seeding run L/ha 7 5 9 Tractor use
Fuel use per harvest run L/ha 7 5 9 Tractor use
Transport of crop L/ha 2 1 3 Transport on faym
Seed usage kg/ha 60

Suggested vyield at
Yield of Canola t/ha 1.2 0. 2.5 | 50kg per ha of N

Source: Yield and Nitrogen use from Oilseed IndusfrAustralia, (2006) other data from internalimsttes
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Table 5.9: Input and output data for 1 ha canola poduction

Flow Unit Value
Products

Western Australian Canola t 1.2
Resources

Occupation, arable, non-irrigated ha.a 1
Materials and Energy

Urea, at regional store kg 108
Triple superphosphate kg 100
Glyphosate 41.5%, production and application kg 2
Diuron, at regional storehouse kg 0.75
MCPA, at regional storehouse kg 0.75
Canola seed kg 60
Tractor, per MJ fuel input MJ 1145
Emission to Air

Nitrogen volatilisation kg 0.15
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114.42 kg
Urea, at regional
store/AU U

102.27 kg CO2 e

1263.2 kg
WA Canola /AU

105.26 kg
Triple
superphosphate at
regional store/AU U

88.293kg CO2 e

114.42 kg

Urea
(granulated)/AU U

95.138 kg CO2 e

2.1053 kg
Glyphosate 41.5%
AU, production and
application
18.831kgCO2 e

1205.5M)
Tractor, low

population area, per|
MJ fuel input/AU U

103.53 kg CO2 e

Ml

43.936 tkm

Rigid truck

transport, freight
task/AU U

11.413kg CO2 e

Triple
superphosphate/AU
u

81.728 kg CO2 e

105.26 kg

114.42 kg
Urea compounds/AU|
u

91.247 kg CO2

2.1053 kg
Glyphosate 41.5%
in water, AU,

18.174kgCO2 e

33.619 kg
Diesel, at
consumer/AU U

24.119kg CO2 e

0.15789 kg
Nitrogen
volatilisation from
fertiliser
76.847 kg CO2 e

1205.5M)
Tractor tailpipe, low
population area per:
M) fuel input/AU U
83.841kg CO2 e

94.052 MJ
Rigid truck

loperation, diesel/AU|

u
11.416kgCO2 e

64.854 kg
Ammonia/AU U

48.632 kg CO2 e

58.422 kg
Natural gas, high
pressure/AU U

24.87kgCO2 e

75.879 m3
Natural gas, high
pressure /AU U

24.872kg CO2 e

processed/AU U

21.872kgCO2e

149.36 M)
Oil & gas production|
2001-02/AU U

11.02kgCO2 e

1 l

1263.7 M)
Energy, from
natural gas/AU U

74.188kg CO2 e

28.696 kg CO2 e

30.456 kg CO2 e

7.325kg
Venting - gas
processing plant
2001-02/AU U
10.863 kg CO2 e

Figure 5-3: Process

20.454kg CO2 e

11.989 kg CO2 e

| |
48.887 kg 332.71M) 0.87368 kg 0.039738 m3
Phosphoric acid Electricity, high Glyphosate, AU, Diesel,
70%/AU U voltage, Australian from ecoinvent datal automotive/AU U
average/AU U
30.604 kg CO2 17.952kgCO2 e 23.368kg CO2 e
41.001 kg 106.5 MJ 332.71M) 0.041956 m3 123.47M)
Phosphate rock Energy, from Electricity, high Crude oll, Energy, fromfuel
beneficiated/GLO U diesel/AU U voltage, Australian imported/GLO U oil, just fuel,
average, C02,CH4, &
12.126 kg CO2 e 9.0864 kg CO2 e 90.592 kg CO2 e 9.9046 kg CO2 e 9.8416 kg CO2 e
— ]
105.55 M) 83.026 MJ 76.899 MJ 0.061341 m3
Electrictiy black coal Electricity brown Electrictiy black coal Crude oil
NSW, sent out/AU U coal Victoria, sent QLD, sent out/AU U exploration and
out/AU U extraction/AU U

network showing major (contribting 2.0% or more of the total value) flows
(upper value) and cumulative greenhouse gas emiss®(lower value) for 1 hectare of canola
production in WA

36



1503.8 kg
Avoided product for
canola meal

-308.69 kg CO2 e

868.42 kg CO2 e

1000 kg
Canola oil

2638.2 kg
Canola WA

791.28 kg
Steam from natural gas|

171.65 kg CO2 e

406.02 MJ
Electricity LV

120.01 kg CO2 e

-1503.8 kg
Lupin Production

-308.69 kg CO2 e

341.96 kg
Urea Fertiliser, packed

305.67 kg CO2 e

210.58 kg
Triple superphosphate,
packed

176.63 kg CO2 e

0.32977 kg
N20 from fertiliser
application

160.5 kg CO2 e

5912.1 M)
Energy, from gas

347.09 kg CO2 e

433.42 M
Electricity HV

120.04 kg CO2 e

| | ]
341.96 kg 210.58 kg 218.27 kg
Urea granulated Triple superphosphate Natural gas

284.34 kg CO2 e

163.5kg CO2 e

92.917 kg CO2 e

433.42 M
Electricity HV

120.04 kg CO2 e

L | |

341.96 kg
Urea compounds

272.71 kg CO2 e

97.798 kg
phosphoric acid,
fertiliser grade, 70% in

61.223 kg CO2 e

750.88 MJ
Electricity HV

204.46 kg CO2 e

283.49 m3
Natural gas (high
pressure)

92.921 kg CO2 e

353.96 MJ
Electricity black coal

104.39 kg CO2 e

193.83 kg
Production of Ammonia
(NH3) from steam
reforming

145.35 kg CO2 e

750.88 MJ
Electricity HV

204.46 kg CO2 e

283.49 m3
Gas production

81.714 kg CO2 e

I

237.59 M)
Electricity black coal

64.594 kg CO2 e

186.7 M
Electricity brown coal

68.485 kg CO2 e

172.94 M
Electricity black coal

45.998 kg CO2 e

Figure 5-4: Process network showing major (contribting 5% or more of the total value) flows (upper
value) and cumulative greenhouse gas emissions (lewvalue) for 1 tonne of crude canola production
in WA

5.1.5 Crude oil supplies

Crude oil supply to Kwinana comes from large varief sources; Table 5.10 lists a
summary of the sources and the transport disteagsagned from each region that are used
to derive an average shipping distance (5294 tamal) an average trucking distance (192
t.km).
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Table 5.10: Crude oil supply and transport assumptins

Input Assumed port Shipping Trucking
® (km) (km)

African crude 169370 Port Harcourt 13208

Middle East crude 2691207 Dubai 9215

South-east Asian crude 716966 Singapore 4111

Australasian crude 2312310 70% Either north west2000 for 70% 463 for 30%
shelf or cooper basin

Middle east condensate 33072 Dubai 9215

Australasian condensates 116353 70% Either norgth we 2000 for 70% 463 for 30%
shelf or cooper basin

Total crude oil and 5869910

condensate

Transport per tonne Average 5294 t.km 192 t.kn

Source: Pers. Comm. BP Refining (2008)

Oil and gas production data is taken from natioAaktralian data from Australian
Petroleum Production & Exploration Association (2paGnd ABARE (2007). This data is
show in Table 5.11 along with the associated atimesp emissions. There are three types
of emissions — direct process emissions, fugitivessions and emissions arising from
flaring and venting. The emissions are allocatdd/éen oil production and gas production
based on the energy content of each product, whe&dns only 37% of these emissions are
allocated to the crude oil production. This alkoma can be seen on the left hand side of
Figure 5-5 where the flowchart indicates that 238Ky of CQ-e is emitted from
Australian crude oil exploration and extractionptmduce 1.2204 fhof Australian crude
oil, which results in the delivery of 1.2107 1 tonne) at the refinery.

This production data is added to trucking and shippmpacts for crude oil supply. The
resulting inventory is shown in Figure 5-5 for hie of crude oil production. The import
of overseas crude oil is accounted in the avereagsport for crude supply, otherwise
overseas crude in assumed to have the same pradutipacts as average domestic crude.
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Table 5.11: Inputs for crude oil and gas productiorfor 2005/06

Products

Crude oil exploration and extraction

39.2 Mm  Allocated 36.63% of inventory

Natural gas exploration and extraction

59.136m  Allocated 63.37% of inventory

p=n

Resources

Qil, crude, 42.8 MJ per kg, in ground 4.60 Mt Oil used for. energy in oil a_nd 9a3
exploration and extraction

Gas, natural, 35.9 MJ per m3, in ground 118WMm Oil used for_ energy in oil a_nd 9a3
exploration and extraction

Emissions to air

Carbon dioxide 10533 kt

Methane 1.4696 kt

Nitrous oxide 0.013996 kt

Nitrogen oxides 41.107 kt

Carbon monoxide 9.8533 kt

NMVOC, non-metha.n_e vola_m_le organic 0.7418 kt

compounds, unspecified origin

Sulfur oxides 169978 ki From 2001 inventory factor base

on 2002 energy use

Carbon dioxide 4860 kt Fugitives

Methane 92.822 kt Fugitives

NMVOC, non-metha_n_e vola_m_le organic 52 884 ki Fugitives

compounds, unspecified origin

Carbon dioxide 2780 kt Flaring and venting

Methane 35.124 kt Flaring and venting

Nitrous oxide 0.080632 kt Flaring and venting

Nitrogen oxides 1.6005 kt Flaring and venting

Carbon monoxide 8.7569 kt Flaring and venting

NMVOC, non-methane volatile organic 15.057 kt Flaring and venting

compounds, unspecified origin

Based on (Australian Petroleum Production & ExgioraAssociation (APPEA), 2007) (ABARE, 2007).
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1.2107 m3
Crude oil, to BP
Kwinana/AU

286.88 kg CO2 e

1.2204 m3
Crude oil exploration
and extraction/AU U

238.52 kg CO2 e

5294 tkm
Shipping, oil
transport/AU

27.011 kg CO2 e

5294 tkm
Shipping, oil
transport/AU S

27.011 kg CO2 e

1

192.38 tkm
Articulated Truck, 30
tonne load on 30
tonne truck, (freight

23.252 kg CO2 e

213.54 M
Articulated truck
operation/AU U

23.252 kg CO2 e

5.4849 kg
Diesel, at
consumer/AU U

3.935kg CO2 e

21.354 MJ
Transport infrast.
pub sect/AU U

1.8219 kg CO2 e

29.896 MJ
Transport infrast.
priv. sect/AU U

1.9971 kg CO2 e

0.0064833 m3
Diesel,
automotive/AU U

3.8126 kg CO2 e

0.006643 m3
Crude oil,
imported/GLO U

1.5682 kg CO2 e

21.372 M
Energy, from
diesel/AU U

1.8234 kg CO2 e

CO-e for 1 tonne crude oil

Figure 5-5: Process network of crude oil productiorshowing cumulative greenhouse emission in kg
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5.2 Fuel production
5.2.1 Kwinana BP refinery

The BP refinery at Kwinana produce a range of petrn grades, diesel and aviation
kerosene that make up more than 90% of productodunve, with the remaining volume
being fuel oils, bitumen and other products. Tweps have been used in the allocation of
refining impacts. Firstly all inputs and pollutarsiee allocated based on energy content of
the output products. Secondly, to account for thet fthat higher octane fuels have
substantially higher proportion of refining impathsn regular unleaded, the allocation to
95 and 98 RON fuel was increased based on thergffeefining costs as outlined in
Table 5.12, which indicates that relative to 92 R@Niltipliers of 1.5 apply to 95 RON
and 2.0 apply to 98 RON. These multipliers are theed to determine the final results of
the allocation shown in Table 5.13. This indicatieat 35% of refinery emissions are
attributed to the diesel that is produced, 27%he tinleaded petrol and 17% to the
premium unleaded brands. Note that this allocatioly applies to refining impacts, with
the crude oil feedstock being allocated to eadh®fuels based on their mass.

Flowcharts showing the life-cycle of greenhouse gamssions for petrol and diesel are
given in Figure 5-6, Figure 5-7 and Figure 5-8.talampacts for fuels from BP Kwinana
(not including transport) are summarised in Tablet5

Table 5.12 Calculation of PULP production energy ir2008 based on prices

Unleaded
Fuel 92 RON 95 RON 98 RON Comment
Prices $1.53 $1.59 $1.64 From fuel watch websda June 16 2008

Estimate based on 2005 data on Caltex webgite

for ULP and 2007 data submitted by Caltex fo

Refiner Profit $0.02 $0.03 $0.03 the Queensland governmént
Premium is assumed to have a slightly high¢

margin; it could be higher still

-

Difference after
profit relative to 0 $0.05 $0.10
ULP

Estimate of
average refining
cost per litre of
crude oil input

$0.09

Estimate of
average refining
cost per litre of
petrol output

$0.10 $0.15 $0.20

Multiplier used for allocation
of premium fuels relative to 15 2.0
ULP

11 hitp://www. fuelwatch.wa.gov.au/

12 Seehttp://tinyurl.com/Stfcuy  An average of 2.6 cents per litre profit for Z0@irst half) is stated across
all petroleum products.
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Table 5.13: Allocation of refinery products from BPKwinana refinery

Assumed Total ener. Adjustment Normalised
kL fuel energy GJ 9 Allocated  for 95 and back to
content 98 RON 100%
LPG 129754.6 25.7 3334693 1.2% 1% 1.13%
Unleaded Petrol 2301062.808 34.68 79792737 29.4% % 29 27.09%
Premium Unleaded
95 311957.124 35.42 11048601 4.1% 6.1% 5 63%
Premium Unleaded
08 487633.053 35.42 17270524 6.4% 12 7% 11.73%
Light oil blending
components 95344.243 35.42 3376812 129 1% 1.15%
Light oil
intermediates 1486.333 39.7 59007 500 0% 0.02%
Kerosene 898077.633 36.8 33049257 12.2% 12% 11.22%
Automotive diesel 2700414.571 38.6 104236002 38.4% 38% 35.38%
Automotive diesel
blending components 852.007 38.6 32887 0.0% 0% 0.01%
Light cycle oil 20627.728 39.7 818921 0.3% 0% 0.289
Fuel oil 177994.91 39.7 7066398 2.6% 3% 2.40%
Fuel oil components 141519.79 39.7 5618336 2.1% 2% 1.91%
Residue process oils 44517.194 38.8 1727267 0.6% 1% 0.59%
Cracker feed 38581.637 38.7 1493109 0.5% 1% 0.51p6
Bitumen 45173.626 44 1987640 0.7% 1% 0.67%
Miscellaneous 12696.654 38.7 491361 0.2% 0% 0.17%
Hydrogen 30595.175 12.7 388559 0.1% 0% 0.13%
Grand Total (kL): 7,403,495.18 271,792,111 100.0% 107.8% 100.0%

Figure 5-6, Figure 5-7 and Figure 5-8 indicate tp@enhouse gas emissions of 332 kg,
400 kg and 401 kg apply to the production of 4(inkL) of unleaded petrol (92 RON),

premium unleaded petrol (95 RON) and diesel respygt

42



1m3
Petrol, unleaded, at
consumer, WA/AU U

332.33kg CO2 e

0.89366 m3 1m3
Crude oil, to BP Unleaded Petrol,
Kwinana/AU refining, BP
Kwinana/AU U
211.77 kg CO2 e 116.13 kg CO2 e

— e
0.90306 m3 3907.8 tkm 186.2 tkm 137.9MJ
Crude oil exploration Shipping, oil Articulated Truck, Electricity, natural
and extraction/AU U transport/AU 30 tonne load on 30 gas cogeneration
tonne truck, (freight cogeneration,
176.5kg CO2 e 19.939 kg CO2 e 22.506 kg CO2 e 26.959 kg CO2 e
3907.8 tkm 206.68 MJ 11.135 kg
Shipping, oil Articulated truck Natural gas, high
transport/AU S operation/AU U pressure/AU U
19.939kgCO2 e 22.506 kg CO2 e

4.7399 kg CO2 e

5.31 kg 14.461 m3
Diesel, at Natural gas, high
consumer/AU U pressure /AU U

3.8095 kg CO2 e

4.7399 kg CO2 e

0.0062766 m3 14.461 m3

Diesel, Natural gas,
automotive/AU U processed/AU U

3.691 kg CO2 e 4.1683 kg CO2 e

Figure 5-6: Process network for 1 m(1 kL) regular (91 RON) unleaded petrol production
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1m3
Petrol, premium
unleaded, at
consumer, WA/AU U

400 kg CO2 e

0.9199 m3
Crude oil, to BP
Kwinana/AU

217.99 kg CO2 e

1m3

Premium Unleaded
95, refining, BP
Kwinana/AU U

177.92 kg CO2 e

— 1

0.92958 m3
Crude oil exploration
and extraction/AU U

181.68 kg CO2 e

4022.6 tkm
Shipping, oil
transport/AU

20.524 kg CO2 e

191.57 tkm
Articulated Truck, 30
tonne load on 30
tonne truck, (freight

23.155kg CO2 e

Figure 5-7: Process network for 1 mi(1 kL) premium (95 RON) unleaded petrol production

4022.6 tkm
Shipping, oil
transport/AU S

20.524 kg CO2 e

212.65 M)
Articulated truck
operation/AU U

23.156 kg CO2 e

5.4639 kg
Diesel, at
consumer/AU U

3.92kgCO2 e

0.0064586 m3
Diesel,
automotive/AU U

3.798 kg CO2 e

211.26 MJ
Electricity, natural gas
cogeneration
cogeneration,

41.303 kg CO2 e

16.797 kg
Natural gas, high
pressure/AU U

7.1503 kg CO2 e

21.814 m3
Natural gas, high
pressure /AU U

7.1503 kg CO2 e

21.814 m3
Natural gas,
processed/AU U

6.288 kg CO2 e

I

42.641 M) 2.1059 kg
Oil & gas production Venting - gas
2001-02/AU U processing plant
2001-02/AU U

3.1463 kg CO2 e 3.123 kg CO2 e
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consumer, WA/AU

1 m3
Diesel, at

u

400.98 kg CO2 e

1.022 m3
Crude oil, to BP
Kwinana/AU

242.18 kg CO2 e

1.1905 m3
Automotive diesel ,
refining, BP
Kwinana/AU U

153.89 kg CO2 e

— 1|

1.0328 m3
Crude oil
exploration and
extraction/AU U

201.85 kg CO2 e

4469.1 tkm
Shipping, oil
transport/AU

22.803 kg CO2 e

25.734 kg CO2 e

212.91 tkm
Articulated Truck,
30 tonne load on

30 tonne truck,

4469.1 tkm
Shipping, oil
transport/AU S

22.803 kg CO2 e

25.735kg CO2 e

236.33 MJ
Articulated truck
operation/AU U

4.3562 kg CO2 e

6.072 kg
Diesel, at
consumer/AU U

182.74 M)
Electricity, natural
gas cogeneration

cogeneration,

35.726 kg CO2 e

14.661 kg
Natural gas, high
pressure/AU U

6.241 kg CO2 e

19.04 m3
Natural gas, high
pressure /AU U

6.241 kg CO2 e

0.0071773 m3
Diesel,
automotive/AU U

19.04 m3
Natural gas,
processed/AU U

4.2206 kg CO2 e 5.4883 kg CO2 e

Figure 5-8: Process network for 1 m(1 kL) diesel production
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Table 5.14: Total impacts of various fuels per kLfom BP Kwinana

Diesel, . .

Impact categor Unit Automotive el PLE U PE U
P gory ) Unleaded Unleaded 95, Unleaded 98
BP Kwinana

Total Upstream kg Cee 401 332 400 414
Carbon dioxide kg Cee 372 307 374 383
Methane kg C@e 28 24 26 30
Nitrous oxide kg C@e 0.6 0.5 0.5 0.6
Land transformation kg Cee 0 0 0 0
Other kg CQ-e 0.03 0.03 0.03 0.04

5.2.2 Kwinana Primary Energy Refinery

The data for the Kwinana biorefinery have beenrgkem the Primary Energy LCA with
modification for the changed feedstock from sorghamd wheat, which was assumed in
the original LCA, to wheat only as will be the cdse WA. Also electricity supply and
credits are based on WA grid. The nominal ethameld (on a dry basis) of 294 kg
ethanol per tonne wheat is based on the biorefigpegifications of 435,000 tonne wheat
being used to produce 160 ML ethanol. This cowadp to 2.719 kg of wheat per kL of
ethanol. On an as-received basis, the plant u8&skg of wheat per kL of ethanol. The
wheat properties assumed by the Kwinana Biorefirm@eygiven in Table 5.15. The right
hand column compares these assumed properties thethWestern Australian wheat
properties given by Wilkins and Hancdtk

Table 5.15: Assumption on ethanol yield from wheafor biorefinery.

Kwinana WA Mean
Key parameter Biorefinery  Comment Value®
Value
Starch Content 69% Starch content of wheat drysbasi 65.3%
Moisture 9.2% Moisture content of wheat 12.5%
Ethanol yield from 49.6%

wheat starch 42.5% Mass based yield

Ethanol yield from kg/tonne wheat, (1-Moisture)*Starch Content*

wheat 266 Ethanol yield from wheat starch

283

Wheat per kL ethanol 2.973 (1/ Ethanol yield frommeat)*ethanol density 2.82

Two options are modelled — one with the biodigestgrlace which makes electricity and
heat for the plant and for export. It also produaenmonia and potassiume-rich fertiliser
for sale. Without the biodigester the plant wouatdst likely produce distiller’'s grains
which can be sold as stock feed. However there @vthdn be an increased need for water
and electricity in the plant from external sources.

13 http://www.agric.wa.gov.au/content/sust/biofueboriewwabiofuelsindustry.pdf
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Table 5.16 provides the information on the matditavs, both input and output for the
ethanol biorefinery. It shows that to produce 1dflethanol will require 2.81 tonne wheat
(as received), 1.0 tonne of water, 0.326 MWh afckicity, and $31 worth of other
chemicals. However, in addition to producing 1 Klethanol, there will be 1.764 MWh of
electricity generated (if a biodiegester is usddp@ with compost. If no biodigester is
used then there will be 0.9 t of distiller’s dryagr.

Table 5.16: Flow information for biorefinery for 1 kL Ethanol

Flow Unit Value Distribution

Materials/fuels

Wheat, supply to Primary

t 2.97 Wet wheat
Energy
Anaerobic technology. Does not have the lossegtér
Water — reticulated t 10 that normally occurs with wet DDGS (in the DDGS) or

dry DDGS (from evaporation); for DDGS production
would normally be 7.46 t

Other chemical products

2005$ purchases prices AS 31

Only energy from electricity production at 30.5%
MWh 0.326 | efficiency included steam assumed to be co-gergtrate
from this electricity amount.

Electricity supply/export,
primary energy

Biodigester inputs and outputs

Waste to treatment

Stillage input t 0.9 Dry weight of Stillage input

Outputs

El_ectr|C|ty supply/export, MWh 1764

primary energy

Potassium chloride kg 21.9 Offset for Potassiumtfta} is in the compost output
Urea kg 80 Offset for Nitrogen (N) that is in thengpost output
Triple super phosphate kg 41.6 Offset for Phosph@P) that is in the compost output

Ammonia, steam

reforming, liquid, at plant kg 20.6 Offset for Nitrogen outputs that are nothie compost

Inputs and outputs without biodigester

Waste treatment

DDGS use t 0.9 DDGS is not output when using tleligester

5.2.3 Picton Plant

The data for the biodiesel plant came predominanti;m ARF and the total annual plant

production is shown in Table 5.17. The plant pastlithree economic products; biodiesel
(45 ML), glycerol (4,400 tonne) and potassium delf@40 tonne). The inputs required to
produce these products included 39.6 kt of talldvsl kt of methanol along with other

inputs that are listed in the Table.
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Table 5.17: Process data for Picton biodiesel plant

Flow Unit Value Comment

Products

Biodiesel ML 45

Glycerol t 4400

K>SO, t 840 | Potassium Sulfate

Materials and Energy

Tallow input. t 39600

Methanol, imported from NZ kt 451 5.7ML, densitiyroethanol at NTP 0.7918

Potassium hydroxide t 540 600 tonne of 90% KOHKwWi®%, i.e. 60
tonne of inert binder — possibly water)

Water t 1400

Sulphuric acid t 472.% 482 tonne of 98%SA), (i.e. 2% inert binder,
probably water)

Electricity, Western Australia MWh 2000

Nitrogen (gas) kg 250.2 200°maseous nitrogen at 1.251 g/L

Steam, from natural gas t 12000 7.5 bar, producesite from natural gas

5.2.3.1 System expansion for biodiesel co-products

As previously discussed, a consequential LCA useyséems boundary expansion, as
explained in Appendix 1, to determine the markeinges as a result of an increase or
reduction in production.

The production of 45 ML of biodiesel in Western fafia would lead to the production of
4.4 kt of glycerol. For the consequential analysfsbiodiesel production, glycerol
production is assumed to be used as a supplemeig-feed. Metabolism studies report
glycerol having similar energy content to pig fedthough the maximum percentage of
glycerol that can be used in the feed is around @8igh Plains Journal, 2007).

Potassium sulfate is used as an agricultural iestilas a source of potassium. In the
expanded boundary assessment it is assumed tceqpdassium sulfate production from
the common industrial route which is reaction ofgssium chloride with sulphuric aéfd
Data for avoided potassium sulfate production hasnbadapted from Ecolnvent LCA
database but has been modified for Australiandnelraw materials (Nemecek, 2007).

5.2.3.2 Economic allocation of biodiesel co-products

Economic allocation of biodiesel production andcgipl are based on typical prices for
both in WA. Because B20 is selling at the sameegras diesel, biodiesel is taken to have
the same prices as diesel — around $1.80/litreentlyr  Glycerol prices were previously
taken at 6c per litre, however the biodiesel mauymaif September 2087 reported
improvements in prices to the equivalent of nedrfy5¢c per kg in Australian dollars.
Potassium sulfate prices are taken as $250 peetomhe resulting allocation is shown in
Table 5.18.

The results of Table 5.18 indicate that the usingeaonomic allocation, 98.8% of the
emissions associated with biodiesel production alecated to the biodiesel, 0.9% to
glycerol and 0.3% to potassium sulfate.

14 http://www.impactfertaust.com.au/products/fert_&oml

15 http://biodieselmagazine.com/article.jsp?article 1id97
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Table 5.18: Allocation of biodiesel production impats to three co-products (for attributional LCA

sensitivity)
Production Price per unit ($) Value ($) Allocation
Biodiesel 45,000,000 L 1.8 81,000,000 98.81%
Glycerol 4,400,000 kg 0.1746 768,250 0.94%
Potassium sulfate 840,000 kg 0.25 210,000 0.26%
Total 81,978,250 100.0%

5.3 Fuel Use
5.3.1 Emission change from E10 and PULP

The addition of 10% ethanol to petrol producesw fueel that has some markedly
different chemical properties to those of neatgletBoth the octane number and the
vapour pressure increase. Such changes comptalatdations of fuel efficiency, which
thus need to be determined on the basis of a@hatatory or fleet determinations.

Tailpipe emission data are not available in a caaipee test of EL0 and PULP. The most
recent reliable Australian data available are Eid) @LP are from the “Petrohol
In-Service Vehicle Emission” data (APACE Researgd8). These data were used as the
basis of greenhouse and other emission calculaitotie “Appropriateness of 350 ML
biofuel study” (Beer et al. 2003, p.72 and 37 Apgfiees). These data have been used as
the basis for a comparison of the impact of E18 asbstitution for PULP and are shown
in Table 5.19.

The results of Table 5.19 indicate that a typicasthalian family vehicle will use 85 g of
ULP to travel 1 km, but will use 89 g of E10 toviehthe same distance.

Table 5.19: Raw data and calculated data from Newdsith Wales EPA APACE trials

Emissions Units ULP E10 ElOUalt_sP% el
CO, g/km 264.4 266.2 100.68%
CO, Fossil* g/km 264.4 247.92 93.77%
CGO, (biogenic)* g/km 18.28

Methane Mg/km 0.053 0.0485 91.51%
Fuel Usage I/km 0.121 0.125 103.31%
Carbon inferred from C9 g/km 72.109 72.60

Carbon content of fuel % 85.0% 81.7%

Elé)ezl*usage (mass) calculated from g/km 84.83 88.86 104.75%
fFrgﬁi ‘ésgzgf (volume) calculated ), 0.116 0.121 104.08%
E;‘Iihfasti%eﬂ(g;eé%’*conte”t) MJ/km 3.552 3.576 100.68%

* Calculated data Source APACE Research (1998)
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5.3.2 Diesel, B5 and B20 use in trucks

The most comprehensive biodiesel emissions ddtarnsthe US EPA (2002) correlations
based on over 100 sets of fuels emission datasert@ge range of biodiesel blends. This
report developed correlations between percentadpgodfesel blended with diesel, and the
percentage change in air quality emissions. Thalte®f the correlation of biodiesel
emissions are shown Table 5.20 for animal-basedidsel.

The fuel usage comparison, expressed as brakefispieel consumption (BSFC) in US
imperial units®, between biodiesel and conventional diesel is il by a regression
formulae in the US EPA report as shown in Equakidh Theresult is the mass of fuel in
pounds used per brake horsepower hour which isestet to energy input per energy
output.

BSFC, Ib/hp-h = exp[0.0008189 x (vol% biodiesel)855578] Equation 5-1

Carbon dioxide emissions for tallow-based and useding oil-based biodiesel are shown
in Table 5.20. Note that US EPA (2002) assumesstrae emissions from biodiesel
generated from both these feedstocks.

Table 5.20: Tailpipe emissions (per MJ) for tallonand used cooking oil based biodiesel blends with

ULS diesel

Emission ‘ Unit ULSD ‘ B5 tallow B10 tallow B20 tallow B100 tallow
Carbon
dioxide g Co 69.17 66.02 62.85 56.41 0.00
Carbon
dioxide, g Co 0.00 3.14 6.32 12.76 69.17
biogenic
Nitrous g N,O 0.00  0.00 0.00 0.00 0.00
oxide
Carbon g Cco 028 0.28 0.27 0.26 0.19
monoxide
Methane g CH 0.001 | 0.001 0.001 0.001 0.001
NMVOC gHC 0.072 0.072 0.072 0.072 0.072
Oxides  of
nitrogen g NOx 0.84 0.85 0.86 0.87 1.02
Particulate m
matter 9 2829  27.14 26.04 23.98 12.39

PM10
<10um

Table 5.20, in an analogous manner to Table 54décifcally notes the biogenic (non-
fossil) component of the carbon dioxide emittedrfrthe fuel combustion. Table 5.19
provided results on a g/km basis because emisdamdards for light vehicles are
expressed in g/km. However emission standardedaxy vehicles are given in g/MJ, so
those units have been used in Table 5.20.

Biodiesel has a lower energy content than conveatidiesel. Nevertheless, fuel usage
calculations (based on Equation 5-1), combined wetigine efficiency and brake

efficiency calculations, show that biodiesel is mafficient in combustion than diesel,

with the results given in Table 5.21.

16 Conversion to metric units is 1 Ib/(hp-h) = 0.6@8 kWh) = 0.1689 kg/MJ
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Table 5.21: Engine conversion efficiency of biodiesblends from US EPA correlations

Energy MJ fuel

0
Blend | lbs per| kg per| content UZ?d Engine Eonr?\:gxtifnzfl

% (hp-h} | MI@® | of fuef | P efficiency |
brake- diesel
(MIkg) | o

Biodiesel 100 0.461 0.078 36.65  2.857  35.00% 93.7%
Biodiesel 20 0.432 0.073 4130  3.015 33.17% 98.9%
Biodiesel 5 0.427 0.072 4217  3.041  32.88% 99.7%
gizg‘éle”“o”a' 0 0.425 0.072 4246  3.050 32.79%

! Calculated from Equation 5-1 2 MJ/(brake-hp) = 2.68452, kg/lb = 0.453592
® Energy contents are lower heating value (LHV) areltaken from US EPA (2002).

6 Life Cycle Results

6.1 Results per km of blended fuel use

Table 6.1 shows the results of the life cycle gheeise gas impacts, based on greenhouse
gas for the split between tailpipe and upstreanssioms. These are per km for cars in the
case of E10 in ULP and PULP, and per km of (mediigia) truck use for biodiesel and
diesel. Life-cycle emissions are reduced by 12% ®il.0 and by 1.7% using B5.

Table 6.1: Greenhouse gas results in g Ge for biofuel blend and competing fuel per km caiand
truck for ethanol and biodiesel respectively

E10 in ULP PULP B5 Diesel
Carbon dioxide 270.50 309.64 763.92 797.13
Methane 5.20 4.20 7.95 8.21
Nitrous oxide 0.56 0.40 4.46 0.16
Land transformation 0.00 - 15.38 -
Other 0.01 0.01 0.01 0.01
Upstream 27.71 48.40 131.29 113.20
Tailpipe 248.54 265.85 660.44 692.31
TOTAL 276.25 314.25 791.73 805.51

6.2 Results for utilisation of total biofuel production

The total greenhouse savings from implementatiothefbiofuels are shown in Table 6.2
with different greenhouse gas contributions andrigure 6-1 and Table 6.3 with the
breakdown by major components. The savings from dtfenol production are the
electricity exported, avoided tailpipe emissionsl avoided petrol production. Figure 6-1
also shows the impacts of biodiesel production wakings mainly from avoided tailpipe
emissions and to a lesser extent avoided diesdlupton.
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Table 6.2: Total greenhouse gas savings in Gg G@ from biofuel supply in WA

Ethanol 160ML

Ethanol 160ML

with Biodigester Biodiesel 45 ML Total no Biodigester
Carbon dioxide 501.09 105.81 606.90 206.89
Methane -12.723 081 -11.913 151
Nitrous oxide -2.009 -13.69 -15.699 11.63
Land transformation 0.016734 -48.98 -48.963 0.000
Total 486.38 43.94 530.32 220.01
1000.00 -
O Total
- 800.00 -
9 B Electricity production
[&]
'é 600.00 @ Ethanol tailpipe savings
o
g 400.00 - B Avoided petrol production
© - - .
o O Biodiesel tailpipe savings
£ 200.00 +
k= O Diesel production avoided
8 0.00 W Biodiesel production
o)
© -200.00 - O Ethanol production
-400.00 -
Impacts Benefits Net benefit

Figure 6-1: Greenhouse Impacts and Savings from biieel production (160 ML ethanol and 45ML
biodiesel blended as E10 and B5 respectively)

Table 6.3: Component Breakdown of Greenhouse Gas @ags from biofuels production

Component Gg CO»-e saved
Ethanol production -148.18
Biodiesel production -81.11
Diesel production avoided 17.65
Biodiesel tailpipe savings 107.4
Avoided petrol production 140.96
Ethanol tailpipe savings 212.12
Electricity production 281.48
Total 530.32

6.3 Results per kilolitre of biofuel utilised

Because of the use of fuels in blends, it is diffico look at the net impacts of biofuels.
Figure 6-2 shows how 1000 litres (F)nof ethanol changes the emissions duis use in

E10 blend with unleaded petrol, being able to ¢ffsere PULP petrol.

As noted in

Section 5.3.1 and Table 5.19, slightly more fgeh@eded to travel a fixed distance using
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E10 than is needed when using ULP. Thus, the bi¢gided fuel volume in 10,000 litres
of E10 (which drives a typical vehicle 80,000 knffsets 9680 litres of premium unleaded
petrol (which is the amount of ULP needed to di®2000 km). The net emissions are
shown in the top box with the red arrow flows shagvthe impacts from the ethanol fuel
production and use, and the green arrows show \tbeled impacts from the replaced

PULP fuel.

80000 km.
E10, PE, WA

22100 kg CO2 e

80000 km.
Replacement of PULP
with E10 in ULP

-3039.8 kg CO2 e

-25140 kg CO2 e

-80000 km.
PULP WA

2157.9kg CO2 e

19942 kg CO2 e

-3872 kg CO2 e

consumer, WA/AU U

10 m3 80000 km. -9.68 m3 -80000 km.
E10, Primary Energy Tailpipe E10 LV, NSW| Petrol, premium Tailpipe ULP LV, NSW|
WA EPA APACE tests unleaded, at EPA APACE tests

-21268 kg CO2 e

|

%

|

1486.3 kg 1486.3 kg -5178.4 M]
Wheat, Wheat, Calingri, Electricity
Wyalkatchem, WA/AU U supply/export,
WA/AU U primary energy/AU U
298.37 kg CO2 e 306.9 kg CO2 e -1434.2 kg CO2 e

208.83 kg
Fertiliser, NPKS 32
10, at regional
store/AU U

236.94 kg CO2 e

-5177.8 M
Electricity, high
voltage, Western
Australia/AU U

-1434kg CO2 e

1m3 9m3 -0.86177 m3 -9.68 m3
Ethanol, anhydrous, Petrol, unleaded, at Crude oil, to BP Premium Unleaded
PE plant, WA/AU U consumer, WA/AU U Kwinana/AU 95, refining, BP
Kwinana/AU U
-833.17 kg CO2 e 2991 kg CO2 e -204.21 kg CO2 e -1722.2 kg CO2 e
2972.5 kg 902.31 kg 9m3
Wheat, supply to Stillage treatment/AU Unleaded Petrol,
Primary Energy/AU U U refining, BP
Kwinana/AU U
668.74 kg CO2 e -1848.1 kg CO2 e 1045.2 kg CO2 e

Figure 6-2: Process network showing difference bewen E10 in ULP and PULP — per 1000 litres of
ethanol produced. Red lines and positive numbersiew impacts and green lines and negative
numbers show avoided impacts.
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Figure 6-3 shows the same process network for &satli5% blend in diesel (B5) replacing
pure diesel fuel. 1000 litres of biodiesel as 5&nblin diesel takes a truck 70769 km.

70769 km.
Replacement of
Diesel with 5%Bl

-976.53 kg CO2

70769 km. -70769 km.
Biodiesel blend, Diesel, truck,
tallow, truck/AU U biodiesel
56028 kg CO2 e -57005 kg CO2 e
1m3 7.0562E5 MJ fuel -0.97853 m3 -7.0804E5 MJ fue
Biodiesel, from Biodiesel blend, Diesel, at Diesel tailpipe
tallow, picton tailpipe consumer, emissions/AU
1802.3kgCO2e 46607 kg CO2 e -392.37 kg CO2 ¢ -48994 kg CO2 e
—

880.01 kg 100.3 kg 266.62 kg -1.0001 m3 -1.1649 n3
Market subtitute Methanol, Steam, from Crude oil, to BP Automotive
for Tallow, Palm imported from natural gas, in Kwinana/AU diesel , refining,
1644.3 kg CO2 e 79.551 kg CO2 e 57.837kgCO2 e -236.98 kg CO2 ¢ -150.59 kg CO2 ¢

880.01 kg 100.3 kg 973.62 M) -1.0132m3

Palm Oil EI, Methanol, at Energy, from Crude oil

cleared plant, NZ natural gas/AU U| exploration and

1644.3 kg CO2 el ]

74.283kgCO2e| |

57.159kg CO2 el |

-198.03 kg CO2 €

4400 kg
Palm fruit
bunches, at

1681.1 kg CO2 e

824.97 MJ
Energy, from
Natural Gas NZ

49.469 kg CO2 e

1

27.741 kg 41.631 kg 3082.8 m2 4777.6 kg 70.462 m2 415.97 kg
Ammonium Potassium Irrigating/ha/CH Wood chopping, Provision, Carbon loss from|
sulphate, as N, chloride, as K20, U mobile chopper, stubbed land/MY cropping
73.495 kg CO2 e 20.26 kg CO2 e 84.282 kg CO2 e 64.487 kg CO2 e 698.84 kg CO2 e 415.97 kg CO2 e
763.89 MJ 705.55MJ
Natural gas, Diesel, burned in
burned in building
48.944 kg CO2 e 63.058 kg CO2 e

Figure 6-3: Process network showing difference bewen 5% Biodiesel in diesel and pure diesel — per
1000 litres of biodiesel produced. Red lines and pitive numbers show impacts and green lines and

negative numbers show avoided impacts.

Figure 6-2 shows that the use of 1 kL of ethandt B8 ethanol results in a saving 3040 kg
COs-e, and Figure 6-3 shows that the use of 1 kLiodliesel as B5 results in a saving of

977 kg CQ-e.
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7 Energy Balance

There is considerable debate in the scientifigditee as to whether biofuel production,
and especially ethanol, consumes more energy tharoduces, or vice-versa. (Farrell,

2006; Dale, 2007).

Table 7.1 shows the total net fossil energy inpuht production systems for each of the
fuels analysed. For the biofuels this includes itsefdr avoided fuel use due to electricity
and other co-products produced as part of theduié# cycle. Both total fossil and crude
oil input are shown and the ratio is calculatethasusable transport fuel produced per unit
of fossil energy input. The biorefinery is a nehsumer of crude oil so this has been used
to calculate the ratio of energy produced per ahdrude oil produced.

Table 7.1: Energy return on fossil energy inputs

unit fossil energy input

Ethanol
Biodiesel Ethanol  without Diesel  ULP PULP
biorefinery

Production energy balance (MJ/kL) 9499 8716 15685 40975 35739 37,072
(excludes energy of liquid fuel output)
Fossil energy input (MJ/KL) 9,802 3,658 15,685 46,9 35,739 37,072
Fossil energy offsets (MJ/kL) 184 12,074 - - - -
Fossil energy balance (MJ/KL) 9,618 -8,416 15,685 0,945 35,739 37,074
Crude oil input (MJ/KL) 1,982 1,539 1,330 40,144 13 36,133
Crude oil offsets (MJ/KL) 78 402 - - - -
Crude oil balance (MJ/KL) 1,904 1,137 1,330 40,1485,102 36,133
Energy content of liquid fuel (MJ/KL) 32,253 23,100 23,100 38,600 35,419 35,420
Excess energy from production (MJ/KL) 303 12,421 - - - -
Total effective energy output (MJ/KL) 32,556 35,421 23,100 38,600 35,419 35,420
Ratio of Ilqwd fuel energy content per unit 16.27 15.01 17.37 0.962 1.009 0.9do
of crude oil energy
Ratio of Ilqwd fuel energy content per unit 16.94 20.32 17.37 0.962 1.009 0.9do
of crude oil energy (overall balance)
Ratio of total effective energy output per 3.32 968 1.47 0.942 0.991 0.955

The results shown in Table 7.1 indicate that bilsfirlave an energy return on fossil energy
expended that is greater than that of fossil fuel.

8 Sensitivity analysis

8.1 Different biodiesel blends

The analysis has so far provided results for B&ns8ivity analysis, displayed in Figure
8-1 shows that the blend of the biofuel makes Vittg difference to the net greenhouse

benefits achieved.

This is because the offsettingarbon dioxide emissions is a linear

relationship to the blend percentage of biodieJéie extent to which more, or less, diesel
is combusted alongside the biodiesel production emako significant difference, as

expected.
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This means that the results of Table 6.2, whiclcatd that the production and use of 45
ML biodiesel per annum would result in annual gremrse gas emission savings of 44 Gg
COs-e apply whether the biodiesel is used as B5 @2&s
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Figure 8-1: Impacts of different blending ratios ontotal benefit from biodiesel production

8.2 Economic allocation for biodiesel production

Figure 8-2 shows the difference in the results iofliesel utilisation under the default
approach which is system expansion for tallow usg glycerol co-production, and the
alternative approach using economic shares toatoenvironmental impacts of the beef
system as the major provider of tallow and for glpt and potassium sulfate
co-production.

Tallow emanates from beef. Greenhouse gas emsssgsociated with the cattle industry
and beef production include enteric methane praediiend nitrous oxide production from
urine deposition as well as possible emissions fttaring land to provide pasture for the
cattle. Including these upstream emissions resaolttallow being a large greenhouse
contributor, even though the economic allocatiortaltow is small. On this method of
allocation there are no greenhouse benefits atedciaith biodiesel production and
utilisation, which instead are net greenhouse emsitafter accounting for avoided diesel
production and tailpipe emission savings. Thishewn in Figure 8-2 by the overall sum
of the right hand bar chart being negative.

In the previous and following figures the partstiod bar above the zero line are offset by
the parts of the bar below the line for an ovetalal. For example, in Figure 8-2 for
tallow substitution (as in Appendix 2) the greentmwas benefit from reduced carbon
dioxide emissions in the fuel of 105.75 Gg is affbg the losses caused by increased
emissions from nitrous oxide and land transfornmatd 61.94 Gg resulting in an overall
benefit of 43.81 Gg, as listed in Table 6.2. Htead we used the economic allocation of
beef, the approximately 90 Gg of carbon dioxidsla®swn below would be offset by over
500 Gg of increased emissions of methane, nitraigecand from land clearing, resulting
in an overall disadvantage of about 415 Gg.
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Figure 8-2: Total greenhouse gas benefits from bidelsel production (45 ML) using economic
allocation.

8.3 Alternative assumptions on tallow substitution

Figure 8-3 shows the difference in the results iofliesel utilisation under the different
assumptions regarding the commaodity substitutiortdtbow utilised in WA. Within palm
oil, as noted in Appendix 2, there is significantertainty regarding the land management
practice from marginal supply of palm oil, whichreqjuired if tallow is used in biodiesel
production. The default tallow substitution modskd is the data from Ecolnvent and
this has been compared with palm oil from existpigntations, palm oil on cleared
rainforest and palm oil from cleared peat forese(§igure 8-3). If the tallow utilisation
leads to palm oil production from rainforest clehtand the product system has higher
greenhouse emissions than the diesel productsnsysie replacing. If the assumption is
that peat swamps are cleared instead, then thesiemssare extraordinarily high relative to
diesel production system.

Another alternative substitute for displaced tallewcanola and it is also show in Figure
8-3. Canola oil as a substitute gives a higheemneuse value than palm oil (83 Gg £©

as compared with 44 Gg G@) using the baseline palm oil. However palm fmim
existing plantations, which do not need to accdontland use changes, produce even
higher benefits than canola (104 Gg4&X). If the palm is assumed to come from cleared
rainforest or peat forest there are net emissidrgreenhouse gases of 81 Gg &Dand
978 Gg CQ-e respectively.

It is not suggested here that tallow usage in WhAlead to clearing of rainforest for palm
oil production, but we note that production of 43 Mf biodiesel using tallow requires
existing users of the tallow to find a substitutee most likely substitutes are palm oil or
canola, and our default tallow substitution valaesompass these likely substitutes.
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Figure 8-3: Total greenhouse benefits from biodie$@roduction (45 ML) under different assumptions
of palm oil production

8.4 Absence of biodigester in ethanol biorefinery

Figure 8-4 shows the influence of the biodigesteth®e total greenhouse savings achieved
from the ethanol biorefinery. The option withohe thiodigester requires a use to be found
for the distiller’'s grain which is assumed to bédsas stock feed. In the modelling it is
assumed to offset the need for fodder crops sutlpass.

The use of the biodigester to produce electricitgatly improves the greenhouse gas
benefits of the ethanol biorefinery. This is besmawlectricity in Western Australia is
produced from black coal so that its replacemetit wirenewable energy source results in
considerable carbon dioxide emissions savings.

The heat from co-generation is also used in dasilh. The heat required for distillation is
assumed to come from co-generation with electricdgn the biodigester. No replacement
for this heat has been included in the option withtbe biodigester as there is no specific
data on how much heat is required. Were this feeptirement to be included, the benefits
of ethanol would be further reduced in the non-lgester option.

The results of this sensitivity analysis of the digester option have already been
presented in Table 6.2. Figure 8-4 provides algcap representation of the numbers in
that Table, which indicate that a 160 ML ethandaréfinery will save 486 Gg of C&e
with incorporation of a biodigester producing caygeated electricity and heat, but will
save only 220 Gg C£e without such a biodigester.
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9 Uncertainty Analysis

9.1 Upper Limits for GHG Savings in WA

It may be noted that the values in Table 6.1 candssl to set an upper limit to the likely
greenhouse savings if Western Australia were talye sufficient biofuel for all cars to
run on E10 and all trucks and buses to run on Bte values in Table 6.1 show that use of
E10 leads to savings of 38.00 g £©per km in family cars (314 g/km for PULP and 277
g/km for E10) and that use of B5 leads to saving$d3n78 g CQ@-e per km in medium
trucks (806 g/km for diesel and 792 g/km for BH).2006, the total number of kilometres
travelled by passenger vehicles and light commkxahicles in Western Australia was
22,808 x 16 km, whereas diesel vehicles (light commercial elelsi, trucks, articulated
trucks, other trucks, and buses) travelled 1,7840% km. Assuming that passenger
vehicles and light commercial vehicles all use Bh@ the diesel vehicles all use B5 leads
to an extreme upper bound estimate of 891 Gg-€@mission savings. This value is a
hypothetical estimate of the greenhouse gas benéfall Western Australian vehicles
were to use biofuels. The greenhouse gas bemeéitdominated by the E10 usage, which
accounts for 867 Gg Ckz.

Ethanol benefits are so much greater than thodaiadiesel (24 Gg) because of the higher
per kilometre greenhouse gas benefits of E10 comdptr biodiesel, and because petrol
vehicles, due to their sheer number, travel ovetitaes the total number of kilometres of
diesel vehicles.

9.2 Monte Carlo Analysis of GHG Savings for Ethanol andBiodiesel Refineries

A Monte Carlo analysis has been undertaken usintp hmcertainty estimates of
background life cycle data from the Australian &wblnvent LCA databases, and from
key areas in the LCA such as yields in agricultame bio-refineries and in fuel use and
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tailpipe emissions. The results of the uncertaastyessment are shown in the form of 95%
confidence limits, which are the values within whig5% of the runs fall.

Table 9.1 shows the results of the Monte Carloyamafrom the production of ethanol and
its use in WA fuel as an E10 blend, for the fulDMi_ of annual production. It shows that
carbon dioxide savings could be as high as 530r&g tow as 324 Gg. The same data are
shown in Figure 9-1; however the uncertainty boumds graphs relative to their
greenhouse contribution to the final results. #mdnstrates that the two large
contributions to uncertainty in the final greenh®wslue for the ethanol production and
use relate to carbon dioxide emission and to @fesdent nitrous oxide emissions. Figure
9-2 shows the probability distribution of the greense gas savings from ethanol
production.

Table 9.1: Replacement of PULP with E10 (160ML purethanol)

L’Q&Z‘gry Unit Mean Median SD (Coefgc\:?ent of 250%  97.50%
Variation)
Carbon dioxide GgCO -504.9300 -506.7500 38.1250 -0.0755 -575.1500 4678
t'-rg:‘]g formation G0 COre  -0.0172 -0.0171 0.0004 -0.0242 -0.0180 -0.0144
Methane Gg CH 0.6386 0.6405 0.1111 0.1740 0.4164 0.856B
Nitrous oxide Gg MO 0.1597 0.1417 0.0908 0.5687 0.0346 0.376p
Other Gg CQe 0.0033 0.0031 0.0122 3.7355 -0.0228 0.027p
0.0000 0.0000 0.0000 0.0000 0.000(

Single score GgCLe -442.0300  -445.7300 53.4810 -0.1210 -530.4100
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Figure 9-1: 95% uncertainty of different greenhousegas emission savings due to replacement of PULP
with E10 (160ML pure ethanol)
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Figure 9-2: Probability distribution of greenhousegas emission savings due to replacement of PULP
with E10 (160ML pure ethanol)

Table 9.2: Replacement of Diesel with B5 biodiesed5ML pure biodiesel)

CVv
Impact . : - 0 .
category Unit Mean Median SD (Coef_flc!ent 2.50% 97.50%
of Variation)

Carbon dioxide GgCeO -105.9900 -106.0300 3.3187 -3.13% -111.9500 -99D2(
Land . Gg CO-e 48.8700 48.1250 6.3234 12.94% 38.0700 62.8970
transformation
Methane Gg CH -0.0386 -0.0392 0.0038 -9.77% -0.0448 -0.03q0
Nitrous oxide Gg hO 0.0440 0.0430 0.0108 24.51% 0.0276 0.0639
Other Gg CQe 0.0025 0.0023 0.0015 62.28% -0.0001 0.0044

0.0000 0.0000 0.0000 0.0000 0.0000
Greennouse gas o oo o 442770 -44.4620 7.9950 -18.06% -58.0750  -Z064
emissions
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Figure 9-4: Probability distribution of greenhousegas emission savings due to biodiesel replacemefit o
fossil fuel in B5 blend in WA

Table 9.2 shows the results of the Monte Carloyasmalfrom the production of biodiesel
and its use in WA fuel as a B5 blend, for the 48ML of annual production. It shows that
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carbon dioxide savings could be as high as 58 Gagsdow as 28 Gg. The same data are
shown in Figure 9-3; however the uncertainty boumds graphs relative to their
greenhouse contribution to the final results. #mdnstrates that the two large
contributions to uncertainty in the final greenh®uslue are carbon dioxide emissions
(largely from tailpipe savings) and land transfotiora emissions (from clearing land).
Figure 9-4 shows the probability distribution oktlgreenhouse savings from biodiesel
production.

10 Other Environmental Impacts of Ethanol and Biodiesé

10.1 Water and Land Use

Land use is dominated by land required for growgrgn to turn into ethanol. Water and
land use from biodiesel production are from thedpod (palm oil or canola) used for
tallow substitution.. Table 10.1 and Figure 10kbw the land and water use for the
various fuels.

Note that the use of ethanol in E10 results induc#gon in water use. This is due to the
electricity offset from use of the biodigester; stamtial water is required in coal-fired

power stations for the production of electricitiote that water in the form of rainfall for

crops is not included; only water that comes frolsewhere that could be used in a
different location or industry (e.g. for irrigatiam drinking supplies).

Table 10.1: Land use and water use impacts of biofls and fossil fuel replaced

45 ML . 160 ML Replaced
el e biodiesel in B5 Replarse Ehesel ethanol in E10 PULP
Land use (ha) 8706 0.8109 268598 1.576
Water use (ML) 14126 4553 -133.0 90.49
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Figure 10-1: Land and Water use Impacts due to Biafel Production

10.2 Criteria Air Pollutants

Figure 10-2, Figure 10-3, and Figure 10-4 show distribution of criteria pollutants —
particulate matter, oxides of nitrogen and non-mmeih hydrocarbons. Petrol vehicles
emit far less air pollutants than diesel truck$ie Tise of ethanol reduces particulate matter
emissions on a life-cycle basis, primarily becaudethe replacement of electricity
produced from brown coal with electricity produdesim a biodigester. The higher vapour
pressure of ethanol means that hydrocarbon emssgicrease.

Use of biodiesel reduces particulate matter anddoatbon emissions. However the use
of biodiesel increase emissions of oxides of ngrggvhich are smog precursors.

Beer et al. (2003) noted that human health effastsdominated by particulate matter in
the atmosphere. In this respect, both biodiesgledhanol reduce emissions of particulate
matter.
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11 Discussion and Conclusions

The LCA compares the Western Australia with andheut biofuel production;
specifically biofuel from two plants — 45ML of bims$el from the ARF facility (Picton)
and 160ML of ethanol from the Primary Energy prambbiorefinery (Kwinana).

The greenhouse benefits of biofuel are normallyivedr from the substitution of fossil

based carbon emissions (which are the result ofctimbustion of fossil fuels), with

biogenic carbon dioxide emissions (which are thaulte of combusting fuels that have
only recently absorbed the carbon from the atmagpthering the cropping cycle). In this
LCA there are a number of other significant greersieocontributors and savings. The
most dominant of these is the electricity produttimm the Primary Energy biorefinery.

Because Western Australian electricity is largelgsdd on coal combustion, the
greenhouse benefits of substituting this elecyrigitth electricity from the bio-refining are

very significant. The greenhouse gas savings febeatricity production (281 Gg) are

more than the savings generated from ethanol ptmiu¢205 Gg), so the biorefinery

could be treated as an electricity plant which pos$ ethanol and fertilisers as
co-products.

Without the biodigester part of the biorefinerye tethanol production and utilisation are
still beneficial from a greenhouse gas perspectiosyever the savings per year are more
than halved from 486 down to 220 Gg for the 160MLpooduction. In terms of fuel
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security, the ethanol production has relatively lenwde oil inputs over the lifecycle with
20 more times energy being produced than crudeneitgy utilised through the life cycle.

These benefits are offset by land use; with vettlieliand utilisation in the crude oil to
petrol supply chain compared with the land needwdwheat production. The overall
sustainability of this use is beyond the scopehef tCA, as is the sustainability of the
continued crude oil utilisation.

For the biodiesel production the feedstock beirlgsatl is tallow, which is a co-product of
the beef industry but has relatively low value witkhis supply chain. In this study it is
assumed that beef production itself is unlikelypéoaffected by tallow utilisation but other
users of tallow, both domestic and overseas, &aylito struggle to compete with
biodiesel users, and will therefore shift eitheedily or indirectly to the next cheapest oil
feedstock - palm oil or canola. Under the de¢fassumption used in the study for tallow
substitution, there is still a net greenhouse hbefrem biodiesel production and use of 44
Gg for the 45 ML of production, although this wolddd 93 Gg if not for the land clearing
effects from palm oil. This 44 Gg benefit is enygréeom tailpipe emission savings due to
biogenic carbon dioxide emissions replacing fodsrived carbon dioxide emissions. The
production stage of biodiesel is significantly heghthan the equivalent volume of diesel
production but this is more than offset by thepigé emission savings. Co-products from

biodiesel production, glycerol and potassium salfatake little impact on the final
environmental profile of biodiesel.

There is significant land and water use involvedthe biodiesel usage through the
additional need for tallow substitutes; however Weater may not be an issue if it comes
from wetter tropical climates.

In relation to urban air pollutants, the benefitdomdiesel blends on reducing particulate
matter are well established but are also highlyalde, as is the increase in nitrogen oxide
emissions. Human health effects are dominated kicpkate matter in the atmosphere. In

this respect, both biodiesel and ethanol reducassaris of particulate matter. This study
has assumed that tailpipe emissions of particutetter are the same when both PULP
and E10 are used. Recent results of testing (AEéhiology, 2004) indicate that use of

E10 could lead to particulate matter emissions #natup to 40% lower than emissions
from the use of petrol. Such large reductions ageeted to be found in cold ambient

temperatures. The results of a study on partieutatter emissions from the use of E10 at
Western Australian temperatures, released in éarpust 2008 by the Federal Department
of Environment, Water, Heritage and the Aftsonfirm that particulate matter reductions

occur but are less than those found by AEA Techmo(@004).

For ethanol only an E10 blend was assessed istilnity, but for biodiesel blends from 5%
to 100% were assessed and the environmental impectsit of biodiesel utilised did not

vary. This suggests that the most convenient amdtipal blend should be based on
vehicle requirements.
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Appendix 1 System expansion method

Product A : Determining product
Process A: ————Main product———» Beef
Beef production Impacts=A+1-D

Co-product

Hides, fats, offal, hooves Process W1:

Not applicable in this case

Process I:

Rendering
Product B:
' Brocess D: Utilised co-
Displaced or avoided process or sub-system » Process B - Tallow > product
Palm Oil Biodiesel

Figure A1-13: Model for system boundary expansion Adapted from (Weidema, 1999)

Weidema (1999) has developed four simple rules determining expanded system
boundary allocation based on the level of utilmaf the by-product (or waste). Using the
model of Figure Al-1 for reference, Weidema (1988yeloped the following four rules

for ascribing process impact to different productsese are:

1) The co-producing process shall be ascribed {1I80%) to the determining product for
this process (product A.)

2) Under the conditions that the non-determiningpeoducts are fully utilised in other
processes and actually displace other productsetheroduct A shall be credited for the
processes, which are displaced by the other coywts] while the intermediate
treatment (and other possible changes in the futifeecycles in which the co-products
are used, which are a consequence of differencéiseirto-products and the displaced
products) shall be ascribed to product A.

If the two conditions stated in rule no. 2 are talfilled, rule no. 3 and 4 apply,
respectively:

3) When a non-determining co-product is not utdigelly (i.e. when part of it must be
regarded as a waste), but at least partly displaaasther product, the intermediate
treatment shall be ascribed to product B, whileduet B is credited for the avoided
waste treatment of the co-product.

4) When a non-determining co-product is not disjpigmther products, all processes in
the entire life cycle of the co-product shall biyfascribed to product A.
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Appendix 2 Tallow substitute production and its variants

In this study it is assumed that beef productiselitis unlikely to be affected by tallow
utilisation but other users of tallow, both domestnd overseas, are likely to struggle to
compete with biodiesel users, and will therefordt sither directly or indirectly to the
next cheapest oil feedstock - canola or palm Gianola production has been detailed in
Section 5.1.4. This Appendix deals with palm oil.

Palm oil production from Beer et al. (2007) hasrbesed as the environmental profile for
palm oil substituting for tallow in the world matke Three versions of palm oil
production was included by Beer et al. (2007), frexisting plantations, from rainforest
cleared land and from cleared peat swamp land.n thé case of “palm oil, existing
plantations” it was assumed that the land was etkarlong time ago for crop use, and that
the palm oil plantation replaced an existing croplantation (e.g. rubber trees). As such
there has been no assignment of emissions duedaclaaring made in this case. Several
examples of plantations of this variety can be tbum Thailand. For “palm oil from
cleared rainforest” we assume that recently thd laas a tropical rainforest, and that the
trees have been logged and removed before theaptantvas established. The net carbon
flux is taken to be 252 tonne per hectares.

For modelling purposes an expected life of palnpt@htations derived from cleared forest
needs to be assumed. The longer the assumedéfgreater the amount of palm oil which
the initial CQ flux can be amortised over (Figure A2-1). The IBgent LCA database
has lower carbon flux from Malaysia palm oil protion; 42 tonne (instead of 252 tonne)
of carbon emitted from rainforest clearing and sailbon loss and this is taken over a 25
year timeframe for the emission. Ecolnvent not@% 2f biomass burnt on clearing and a
similar level of carbon loss from soil during crag.
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2.5 A

o8]

1.5 A

kg Carbon dioxide eq per km truck transport

Modelling options for palm from cleared rainforest

H Vethane

Nitrous oxide

M Carbon dioxide

M Land transformation

Figure A2-1: Change in greenhouse impacts of palmldrom rainforest clearing with change in
assumed life of plantation, compared with Ecolnventlata and ULS diesel. The abscissa denotes the

assumed life of the plantation in years.

Because of the uncertainty as to the source of palmeplacing tallow in the world
market, and uncertainty in the life time in whickear rainforest impacts should be
amortized, the Ecolnvent data on palm fruit produrctare used as it falls between the

existing plantation data and the cleared rainfqoksitations.

Table A2.1 shows the main inputs for 1 kg of patmtfproduction using the data from the
Ecolnvent LCA database. Figure A2-2 shows a pmooeswork for palm fruit production

with cumulative greenhouse gas emissions as therloalue.

Table A2.1: Input and outputs for 1 kg palm fruit production

Materials/fuels

Ammonium sulfate, as N, at regional storehouse kg.00&R99
Diammonium phosphate, at regional store kg 0.00128
Potassium chloride, as KCl, at regional storehouse kg | 0.009461
Dolomite, at plant kg | 0.003241
Lime, from carbonation, at regional storehouse kg.000722
Irrigating ha | 7.01E-05
Wood chopping, mobile chopper, in forest kg 1.0858
Transport, tractor and trailer tkm | 0.001269
Transport, lorry >16t, fleet average tkm | 0.007614
Transport, freight, rail tkm | 0.02635
Provision, stubbed land m* | 0.016014

Source: Ecolnvent 2.0 database (Jungbluth et@0.72
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1kg
Palm fruit bunches, at
farm/MY U

100%

1 1
0.0063047 kg 0.0094614 kg 0.70062 m2 1.0858 kg 0.016014 m2 0.094537 kg
Ammonium sulphate, Potassium chloride, as Irrigating/ha/CH U Wood chopping, Provision, stubbed Carbon loss from
as N, at regional K20, at regional mobile chopper, in land/MY U cropping
storehouse/RER U storehouse/RER U forest/RER U
4.372% 1.2052% 5.0136% 3.8361% 41.571% 24.744%
[ |
I—|
0.14254 M) 0.030661 MJ 0.0015463 kg 0.22126 M) 0.16035 MJ
Heat, natural gas, at Electricity, medium Agricultural Electricity, low voltage, | Diesel, burned in
industrial furnace voltage, production machinery, general, at grid/CH U building machine/GLO
>100kW/RER U UCTE, at grid/UCTE U production/CH/TU u
2.5151% 1.1241% 1.4624% 2.0269% 3.7511%
0.17361 MJ 0.043389 MJ 0.002731 kg 0.25859 MJ
Natural gas, burned in Electricity, high Steel, converter, Electricity, medium
industrial furnace voltage, production unalloyed, at voltage, at grid/CH U
>100kW/RER U UCTE, at grid/UCTE U plant/RER U
2.9115% 1.5595% 1.0602% 2.0801%
T T T T

Figure A2-2: Process network showing greenhouse essions for palm oil production on 1 kg of palm
fruit.

Note: Upper value shows total flow, lower valuewha@umulative greenhouse emissions. Only processes
with at least 0.005% contribution to the cumulativeenhouse emissions are shown in the figure.

Table A2.2 shows the production data for producingle palm oil from palm fruit. The
electricity produced from biomass from palm oil gueation leads to a credit to palm oil
production based on average Malaysian electridtigure A2-3 shows a process network
for palm oil showing the cumulative greenhouseejasssions as the lower value in each
box.

Table A2.2 Input and outputs to palm oil productionfrom palm fruit

Inputs Flow Unit
Palm fruit 5000 kg
Electricity 320 MJ
Outputs

Palm Kernel, cleared peat swamp 330 kg
Palm Oil, cleared peat swamp 2500 kg
Electricity 590 MJ
Emissionsto air

Carbon monoxide 5.64 kg
Nitrogen oxides 0.64 kg
Sulfur dioxide 0.02 kg
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1000 kg
Palm Oil, tallow
substitute/MY U

1868.5kg CO2 e

5000 kg -270.11 MJ
Palm fruit bunches, at| Electricity (MY)
dissag

farm/MY U

-41.811 kg CO2 e

19103 kg CO2 e

[
31.523 kg 47.307 kg 3503.1 m2 5429 kg 80.07 m2 472.69 kg -197.18 MJ
Ammonium sulphate, Potassium chloride, Irrigating/ha/CH U Wood chopping, Provision, stubbed Carbon loss from Electricity-Gas AU
as N, at regional as K20, at regional mobile chopper, in land/MY U cropping
u u forest/RER U
83.517 kg CO2 e 23.023 kg CO2e 95.774 kg CO2 e 73.28 kg CO2 e 794.13kg CO2 e 472.69 kg CO2 e -30.776 kg CO2 e
[ I
4'J e
712.69 M) 153.31 M) 7.7314 kg 1106.3 MJ 801.76 MJ
Heat, natural gas, at Electricity, medium Agricultural Electricity, low Diesel, burned in
industrial furnace voltage, production machinery, general, voltage, at grid/CH U building
>100KW/RER U UCTE, at grid/UCTE production/CH/I U machine/GLO U
48.046 kg CO2 e 21.473kgCO2 e 27.937kgCO2 e 38.72 kg CO2 e 71.656 kg CO2 e
868.06 MJ 216.95 M) 13.655 kg 1292.9 M)
Natural gas, burned Electricity, high Steel, converter, Electricity, medium
in industrial furnace voltage, production unalloyed, at voltage, at grid/CH U
>100kW/RER U UCTE, at grid/UCTE plant/RER U
55.618 kg CO2 e 29.791kg CO2 e 20.254kg CO2 e 39.736 kg CO2 e

Figure A2-3: Process network showing greenhouse essions for crude palm oil on cleared rainforest
land per tonne palm oil

Note: Upper value shows total flow, lower valuewha@umulative greenhouse emissions. Only processes
with at least 0.005% contribution to the cumulatiweenhouse emissions are shown in the figure.
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Appendix 3 Warranties - Diesel engine manufacturers'®

Warranties for machinery: In Australia and USA

Case IH

Case IH approves the use of blends of up to 5%idsetl(B5) meeting ASTM 6751
standards. Use of biodiesel fuel meeting thesalatals will in no way affect any pre-
existing or new Case IH product warranty.

Case IH makes no statement about Case IH producantg issues when using more than
5% in a blend or using 100%. Instead Case IH isawearning stating that higher
biodiesel blends over B5 can have negative effediasel engine. It also gives a list of
routine practices to follow when using higher bex#l blends.

New Holland

On Monday, 8 May 2006 New Holland announced thatliy supports the use of B20
blends — 20% biodiesel and 80% petroleum-baseeldien all of its engines, other than
those with a common rail fuel injection system. écling to news reports the company's
marketing manager, Simon Vigour, stated that “tbe of biodiesel is becoming more
popular but this is not without its challenges. Qs®ne consideration, as blends higher
than 5% are more expensive. Biofuels also attratemwapour from the air, so fuel tanks
should be kept as full as possible to limit the antaf condensation”.

John Deere

Biodiesel blends up to B5 (5% biodiesel mixed wegular petroleum diesel by volume)
can be used in John Deere diesel engines, prottdédhe neat biodiesel or B100 meets
ASTM D 6751 (USA) or EN 14214 (Europe) specificatidohn Deere product warranty
only covers defects in material and workmanshimasufactured and sold by John Deere.
Failures caused by the use of poor quality afteketduels, be that biodiesel or regular
petroleum diesel, are not defects of material anaskmanship as supplied by John
Deere, hence cannot be compensated under themntarOn the other hand, using higher
biodiesel blends above B5 does not automaticalig warranty. Users of John Deere
emission certified engines are responsible forinlitg the proper local, state, and national
exemptions required for the use of biodiesel.

Both Case IH and John Deere lament the lack ofsingistandards to regulate the quality
and performance of biodiesel blends.

Europe

In Europe, where strict standard exists, the sagunas very different to Australia.

A growing number of manufacturers endorse the Gi&godiesel both in blend with
mineral diesel and pure as a 100% biodiesel fug. Qiodiesel is produced to conform to
EN 14214 the proposed European standard. In a 9%8éld 5% biodiesel blend the fuel

'8 The material in this Appendix was provided by AMid#kins, WA Department of Agriculture and Food.
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meets the existing EN 590 automotive fuels spetific. Numerous engine manufacturers

have already endorsed the use of a 95/5 mix.

Table A3-1: Existing Diesel Vehicle Warranties for 100% Biodiesel Operation*

Audi Personal cars All TDI models since 1996

BMW Personal cars Model 525 tds 1997 onwards, 3
+ 5 series diesel since 2001

Case-IH Tractors All models since 1971

Caterpillar MMT, industrial, marine All engines except some Perkins

Claas Combines, tractors Warranties exist

Faryman Diesel Engines Warranties exist

Fiatagri Tractors For new models

Ford AG Tractors For new models

Holder Tractors Warranties exist

Iseki Tractors Series 3000 and 5000

lveco Truck Cursor since 2000

John Deere Combines, tractors Warranties since 1987

KHD Tractors Warranties exist

Kubota Tractors Series OC, Super Mini, 05,03

Lamborghini Tractors Series 1000

MAN Truck Engine numbers 8953591 to

8953001

Mercedes-Benz

Personal cars

Series C and E 220, C200 and
C220, a.o.

Mercedes-Benz

Lorry, bus

Series BR300, 400, Unimog
1988 a.o.

Nissan Personal car Type Primera since 2001

PSA Personal car All HDI up to 30% biodiesel
Blend*, Tractors Since 1990

Seat Personal cars All TDI since 1996

Skoda Personal cars All TDI since 1996

Steyr Tractors Since 1988

Steyr Boats Series M16, TCAM and M14
TCAM

Valmet Tractors Since 1991

Volkswagen Personal cars All TDI series since 1996, new
SDI series (EURO-3)

Volvo Personal cars Series S80-D, S70-TDI, V70-TD

*Except where stated
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