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Abstract

This study presents a greenhouse gas (GHG) life cycle assessment of 1 tonne of
wheat transported to port in south-western Australia, including emissions from
prefarm, onfarm and postfarm stages. The prefarm stage included GHG emis-
sions from agricultural machinery, fertiliser and pesticide production. The
onfarm stage included GHG emissions from diesel use, liming and nitrous
oxide (N,O) emissions from N fertiliser applications. The postfarm stage
included grain storage and transportation to the port. GHG emissions decreased
from 487 to 304 kg carbon dioxide (CO,) equivalents when we used regional-
specific data for N,O emissions instead of the IPCC default value for the
application of synthetic N fertilisers to land (1.0%). Fertiliser production in
the prefarm stage contributed significantly (35%) to GHG, followed by onfarm
CO, emissions (27%) and emissions from transportation of inputs and wheat
(12%). N,O emissions from paddock represented 9% of the total GHGs emitted.
We recommend utilising regionally specific data for soil N,O emissions, rather
than international default values, when assessing GHG for agricultural produc-

tion systems.

Introduction

Nitrous oxide (N,O) concentrations in the earth’s atmo-
sphere have increased from 275 to 319ng/g since the
industrial revolution (Dentener ef al. 2001; Houghton
et al. 2001; World Meteorological Organization 2006).
This is of concern as N,O contributes to global warming
and destruction of the ozone layer. Although N,O is only
present as a trace gas in the earth’s atmosphere, it has 310
times the global warming potential of carbon dioxide
(CO,) and a lifespan of 120 years (Crutzen 1981).
N,O emissions from agricultural soils are considered to
account for 70-81% of the increase in the earth’s atmo-
sphere, which has been linked to a global increase in
nitrogen (N) fertiliser use (Bouwman 1990). Conse-
quently, there have been many studies investigating the
nature and extent of N,O emissions from agricultural soils
(Stehfest & Bouwman 2006), plus approaches to mitigat-
ing these losses (Mosier et al. 1998).

In agricultural production systems, other greenhouse
gases (GHGs) (CO,, CH,) in addition to N,O can be
emitted. A holistic approach is therefore needed if the

overall impact of agricultural production systems on
global greenhouse emissions is to be addressed. For
example, a ‘life cycle assessment” (LCA) can be under-
taken to account for all GHGs emitted for crop production
so that mitigation strategies focus on the primary sources
of GHG emissions. An LCA compiles the inputs and out-
puts from a production system, and in turn evaluates their
potential environmental impacts (e.g. GHG emissions)
(Ekvall & Finnveden 2001; Greadel & Allenby 2003a, b).
This has the advantage of identifying the environmental
impacts of all stages in the production cycle rather than
focusing on a single source of GHG emission (e.g. N,O
emission from the application of N fertiliser to land).
Furthermore, LCA enables evaluation of environmental
impacts for comparative or improvement purposes (e.g.
Braschkat ef al. 2003).

Semi-arid and arid lands constitute one-third of the
global land area and are widely used for agricultural
production (Harrison & Pearce 2000). Understanding
GHG emissions from agricultural soils in these regions is
necessary if we are to improve our knowledge of terres-
trial global emissions. LCA of GHG emissions from arable
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systems in semi-arid regions does not appear to have been
reported. Instead, assessments of cropping systems have
mainly been confined to European bread production
(Braschkat et al. 2003): the production of corn and
corn-soybean rotation (Heller & Keoleian 2000; Robert-
son et al. 2000), plus the manufacture of biodiesel from
Brassica carinata and rape methyl (Kaltschmitt et al. 1997;
Gasol et al. 2007). While extrapolating findings from these
studies to other parts of the world is inappropriate because
of differences in crop type, climate and production sys-
tems (factors known to influence agricultural GHG emis-
sions), these studies have demonstrated the significant
impact of N fertiliser utilisation on GHG emissions from
crop production. Yet, most of the aforementioned studies
have assumed the international default value, including
IPCC and US EPA GHG inventory values for the propor-
tion of N fertiliser emitted as N,O, rather than utilising a
regional-specific value (Kaltschmitt et al. 1997; Heller &
Keoleian 2000; Robertson et al. 2000; Gasol et al. 2007).

The south-western Australian grain belt consists of
approximately 18 millionha of semi-arid land and is
responsible for 40% of Australia’s annual grain produc-
tion. The Australian Grains Industry is seeking to main-
tain a clean, green industry to guarantee its long-term
productivity, and to ensure access to premium markets by
giving attention to its Environmental Supply Chain Man-
agement, of which LCA of GHG emissions is a supporting
instrument. The aim of the following paper is to present
the life cycle global warming potential of wheat produc-
tion in south-western Australian by (a) identifying the
main processes contributing to GHG emissions from pre-
farming, onfarm and postfarming stages and (b) compar-
ing GHG emissions calculated using locally derived N,O
emissions (Barton ef al. 2008) with those calculated using
the international default value [1.0% of N fertiliser
applied (IPCC 2006)].

Materials and methods

To determine the global warming potential of wheat
production in south-western Australia, we compiled and
evaluated the inputs (e.g. fertiliser, pesticides) and out-
puts (e.g. CO,, CH4 and N,O) required to produce 1 tonne
of wheat from a site (Cunderdin, 31°36’S, 117°13’E)
located in the central wheat belt of Western Australia.

Prefarm activities Onfarm activities

1. Mining raw materials

2. Processing materials

3. Manufacturing final
product

_’\ 1. Seeding
Transport % o Spraying
/ 3. Top dressing

4. Harvesting
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Cunderdin has a semi-arid climate, with an annual rain-
fall of 368 mm, which mainly falls during the winter
months, a mean daily maximum temperature of 25.1 °C
and a mean daily minimum temperature of 11.4°C
(Commonwealth of Australia 2007). The soil is a free-
draining sandy soil overlying a poorly draining clay, with
low chemical fertility throughout the soil profile. For
further details about the study site and the measurement
of in situ N,O emissions, the reader is referred to Barton
et al. (2008).

The LCA approach used in this paper assessed GHG
emission for prefarming (e.g. manufacture of farming
equipment), onfarm (e.g. planting the crop) and post-
farming stages (e.g. delivery of grain to port) separately
for wheat production at the study site. Using this ap-
proach enabled the GHG emissions from fertiliser use
(manufacture and application), transportation, storage
and combustion of diesel to be calculated. The LCA
follows the 1SO14040-43 guidelines ISO (1997) and is
divided into four steps: (1) goal and scope definition; (2)
inventory analysis; (3) impact assessment and (4) inter-
pretation (as presented in the ‘Results” of this paper).

Goal and scope

The goal was to estimate the total GHG emitted during the
production of rain-fed wheat from a farm in south-
western Australia by the LCA process. This was achieved
by establishing the functional unit, selecting the relevant
system boundaries and determining data requirements.
The functional unit was 1 tonne of wheat transported to
port for interstate or international trading. Because the
proportion of wheat transported to different states and
countries varies from year to year, the boundary to the
LCA was limited to the port only.

The LCA was divided into three main stages: prefarm,
onfarm and postfarm (Fig. 1). Prefarm data included
information on the production of inputs, such as N
fertiliser, pesticides and diesel, and also combustion of
the latter in transporting the inputs to the farm. The
postfarm stage included transportation of 1tonne of
wheat from the farm to the local bin, wheat storage and
the transportation of wheat to port.

Onfarm activities were based on a 12-month field study
(from sowing) conducted at the Cunderdin Agricultural

| Transport

Postfarm activities

1. Transport to silo

2. Silo to port
: pe Fig. 1. Life cycle inventory of wheat production

from manufacture of inputs to commodities
transported to port.
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Fig. 2. Life cycle inventory of 1tonne of wheat
harvested for onfarm and postfarm stages.

College (May 2005 to May 2006). The on-farm stage was
further divided into three periods: first 6 weeks after
sowing (25kgN/ha applied as urea at seeding); from 6
weeks to harvesting (75 kg N/ha applied as urea at week
6) and harvesting to 12 months, which was when the land
lay fallowed. An equivalent of 2.7 tonne/ha of wheat was
harvested from the site, and therefore we assessed GHG
emissions from the production and transport of 1 tonne of
wheat from 0.37 ha of N fertilised land. A land prepara-
tion stage was not included in the analysis, as minimum
tillage is common practice in the area.

Total soil N,O emissions measured during the onfarm
stage were 0.11kgN/ha/year (Barton et al. 2008). In
addition to N,O, we also calculated CO, emission from
the hydrolysis of urea (i.e. 20% of the urea; IPCC 2006).
CO, uptake from crop growth was not considered as
much of the plant material was retained on site following
harvest, and we assumed that the sequestered CO, would
be re-released with time. Soil C sequestration was also not
included in our analysis as it is not considered to be
significant during a 12-month period. Soil CH, emission
and/or uptake was not included because of the absence of
data rain-fed crops for semi-arid regions; furthermore,
CH, emissions/uptakes are expected to be low from

fertilised agricultural soils (Suwanwaree & Robertson
2005).

Inventory analysis

A life cycle inventory (LCI) considers the amount of each
input and output for processes that occur during the life
cycle of a product. Undertaking an LCI is a necessary
initial step in order to carry out an LCA analysis.

In the present study, onfarm activities (Step 1 in Fig. 2)
included information on inputs, such as N fertiliser pro-
duction and application, diesel combustion by machinery
for each of the onfarm periods, and transportation of
these inputs during these stages. The inputs (Fig. 2) are
the chemicals, energy and machinery required to produce
1 tonne of wheat. The gases under the outputs column of
the inventory represent GHG emissions (CO,, CH,, N,O)
from the onfarm stage. Later, these gas emissions were
converted to kg CO,-equivalents (Table 1). Input infor-
mation (Fig. 2) was collected by interviewing local farm-
ers involved in growing wheat at Cunderdin. Step two of
the LCI was the postfarm activities of two elements: local
wheat storage (i.e. in a bin) and transportation of the
wheat to port (Fig. 2).
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Impact assessment

The environmental impact assessment of wheat produc-
tion for prefarm, onfarm and postfarm activities included
two stages. The first calculated the total gases produced in
each process and the second converted these gases to CO,
equivalence.

Stage 1: The input and output data in LCI were inserted
into the Simapro 7 (2006) software to calculate GHG from
wheat production. The input/output data of LCI were
linked to relevant libraries in Simapro 7. The LCA library
is a database that consists of energy consumption, emis-
sion and materials data for the production of 1 unit of a
product. The units of input and output data of LCI depend
on the units of the relevant materials (i.e. kg, L, MJ, $ etc.)
in Simapro or the libraries.

Libraries for chemicals: The Australian LCA database
(RMIT 2005) was used to calculate GHG emissions from
the production of chemical inputs such as pesticides,
limestone and urea. The emission factor for single super
phosphate was obtained from the fertiliser manufacturer
(CSBP Ltd., Perth; C. Schuster, pers. comm.) because the
data were unavailable from RMIT (2005). The supply
chain of urea and pesticide, including production and
transportation to the point of use, was incorporated in
order to assess the GHG emissions during the prefarm
stage. For the Cunderdin site, a 30 tonne articulated truck,
which is widely used in rural Australia, travelled 180 km
to carry diesel and pesticide to the farm, and also travelled
153km to carry fertiliser to the paddock. The unit for

Table 1 Conversion factor for selected greenhouse gases®

GHGs Conversion factor Unit

CO, 1 kg CO,-equivalent/kg of CO,
CH,4 21 kg CO,-equivalent/kg of CH,4
N,O 310 kg CO,-equivalent/kg of N,O
FRMIT (2005)

GHGs, greenhouse gases; CO,, carbon dioxide; CH4, methane; N0,
nitrous oxide.

Table 2 Cost and operation of farm machinery for wheat production

Life cycle global warming potential

transport library is tonne-kilometre (tkm). In this case,
0.4 tkm is required to carry 1 kg of pesticide or fertiliser for
400km (i.e. 0.001tonne x 4km). Transportation was
equivalent to 0.076, 86 x 10~ *and 13 x 10~ *kg/tkm for
CO,, CH4 and N,O, respectively (RMIT 2005).

Farm machinery library: A USA input-output database
was used to assess the GHG emitted from manufacturing
farm machinery used to produce 1tonne of wheat (Suh
2004). This database contains environmental emission
data for the production of US$ 1 equivalent farm machin-
ery. Table 2 shows the lifetime operational time of farm
machinery and their costs, which are required to deter-
mine the cost per hectare. The current price of farm
machinery was deflated to the 1998 price (in AUD) at
3% per year. Following this, the 1998 price of machinery
in AUD/hectare has been converted into 1998 US$ by
multiplying by 0.6.

Farm machinery operation library: Farm machinery
(Table 2), which consumes <500 MJ/ha, is regarded as
light duty machinery (Nemecek et al. 2004). Therefore,
the library for light duty agricultural machinery (RMIT
2005) was used to calculate the potential GHG emitted
from farm machinery operation. The emission factors for
CO, CH, and N,O are 0.0694, 2.8x10 ° and
2.6 x 10~ ®kg/MJ, respectively.

Electricity library: A wheat bin consumes approxi-
mately 0.14 kWh of electricity for every 1 tonne of wheat
(Altham et al. 2004). The library for Western Australian
electricity generation mix was used to calculate GHG
emission from electricity generation (RMIT 2005).

Libraries for storage and transportation to port: Storage
time varies from a day to a year; however, an average
emission factor for wheat storage was taken from Altham
et al. (2004), which is 4.57 kg CO,-equivalent per tonne of
grain storage. Emission factors for transportation of wheat
from farm to local bin, and bin to port were considered to
be the same as those presented in the previous section.
The distance from the paddock to the bin in the nearby
town of Cunderdin was 3 km, and the distance from the
bin to port (Kwinana, Western Australia) was 180 km.

Cost
Operational time® Life time (AUD/ha, (AUD/ha,

Name of machine (h/ha) (h)? (AUD, 2006 price) 2006 price) 1998 |orice)b
Seeder 0.12 8640 90000 1.28 1.04
Sprayer 0.02 8640 70000 0.16 0.13

Tractor (125 HP) for seeding 0.12 8640 125000 1.78 1.45
Tractor (125 HP) for spraying 0.02 8640 125000 0.29 0.23
Harvester 0.08 7200 442914 5.09 414

ACECP (2005).

PHave been deflated to 1998 price at 3% per year.
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Table 3 GHG emissions in three stages of the life cycle of 1 tonne of wheat transported to port

Greenhouse gases

kg CO, equivalent

Total kg CO,
Stages CO, (kg) N,O (kg) CHy (kg) CO, kg CO, equivalent N,O CH4 equivalent
Prefarm
Farm machinery production 0.93 5E-05 1E-04 0.93 0.01 0.00 0.94
Production and supply of urea 79.25 0.06 0.25 79.25 19.51 5.11 103.87
Production and supply of superphosphate’ 293 2.93
Production and supply of pesticide 17.15 0.04 0.04 17.14 10.14  0.69 27.97
Subtotal 100.25 29.66  5.80 135.71
Onfarm
N,O emissions from paddock (Barton et al. 2008) 0.09 26.98 26.98
CO, emissions from paddock (IPCC 2006) 81 81.00 81
Diesel supply and utilisation for spraying feriliser 4.65 1E-04 6E-04 4.64 0.04 0.01 4.69
Diesel supply and utilisation for spraying herbicide 2.32 5E-05 3E-04 2.31 0.01 0.01 2.33
Diesel supply and utilisation for spraying seeds 9.24 2E-04 0.001 9.23 0.07  0.03 9.33
Diesel supply and utilisation for harvesting 9.24 2E-04 0.001 9.23 0.07 0.03 9.33
Subtotal 106.41 27.17 0.08 133.66
Postfarm
Wheat storage 5.63 5E-6 3E-5 5.64 1E-3 1E-3 5.642
Transport to port 16.08 0.028 0.181 16.08 8.77 3.80 28.65
Subtotal 21.72 8.77  3.80 34.29
Grand total 228.38 65.60 9.68 303.66

'Only kg CO, equivalent information has been obtained from Schuster (pers. comm.)

GHG, greenhouse gas; CO,, carbon dioxide; N,O, nitrous oxide.

Stage 2: Simapro software calculated the GHG emissions
once the inputs and outputs were linked to the relevant
libraries. The program sorted GHG from the selected
libraries, and then converted each selected GHG to CO,
equivalents (Table 1).

Results

LCA using measured in situ N,O emissions

The equivalent of 304 kg of CO, was produced during the
production and delivery of 1 tonne of wheat to port (Table
3). CO, contributed 228kg (75% of total), CH, contribu-
ted 10kgCO,-equivalents (3%) and N,O contributed
66 kg CO,-equivalents (22%) (Fig. 3a). Prefarm, onfarm
and postfarm stages accounted for 136 kg CO,-equivalents
(45% of total), 134kgCO,-equivalents (44%) and
34kg CO,-equivalents (11%), respectively. For the pre-
farm stage, CO, was the main GHG emitted (i.e.
100 kg CO,-equivalents), and resulted from the supply of
diesel, fertilisers, pesticides and machinery (Table 3).
CO, resulting from the combustion of diesel by farm
machinery and the application of urea was the greatest
source of GHG emissions for the onfarm stage, followed
by N,O from the application of N fertiliser to land
(Fig. 3a). CO, emitted from transporting grain to
port was the greatest source of GHG for the postfarm stage.

Overall, the production and supply of fertiliser ac-
counted for a large proportion (35%) of GHG emission

produced from wheat production, and occurred in the
prefarm stage (Fig. 4a). Other significant sources of GHG
emissions included CO, emission from the hydrolysis of
applied urea (27%), transportation of inputs and wheat
(12%), herbicide production (9%), N,O emissions from N
fertiliser application (9%) and operation of farm machin-
ery (8%). Because CO, emissions from the production of
farm machinery were not large (0.3%), it was not used
further in analyses.

CO, and N,O were the main gases produced during
three periods of onfarm stage (Fig. 5). About 42, 68 and
24 kg CO,-equivalent GHG were emitted during the first
(first 6 weeks after sowing), second (after 6 weeks to
harvesting) and third (harvest and thereafter fallow land
period) periods, respectively. The emission of CO, was
predominant during the first 6 weeks after sowing, be-
cause urea breakdown and diesel combustion by farm
machinery for seeding and spraying operations were the
principal sources during this period. N,O, however, was
the main GHG emitted directly after summer rain storms,
which occurred in the fallow period postharvest and was
likely to be due to wetting of the dry soil and increased
nitrification activity.

LCA using international default value for N,O
emissions

The amount of life cycle GHG emissions from the trans-
portation of 1tonne of wheat to port increased to
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Fig. 3. Greenhouse gas emissions (CO, equiva-
lents) during prefarm, onfarm and postfarm
activities, (a) using Barton et al. (2008) emission

Prefarm Onfarm

487 kg CO,-equivalents when the proportion of N,O
emitted from the application of N fertiliser to land was
assumed to be 1.0% (Fig. 3b). Prefarm, onfarm and
postfarm stages accounted for 136 kg CO,-equivalents
(28% of total), 317 kg CO,-equivalents (65% of total)
and 34 kg CO,-equivalents (7%), respectively (Fig. 4b).
N,O from N fertiliser application during the onfarm stage
was the greatest single source of GHGs (36% of total,
175 kg CO,-equivalents) (Fig. 4b). The second largest
source of GHGs was the production of fertiliser in the
prefarm stage (24%, 117 kg CO,-equivalents).

Discussion

GHG emissions from the production and delivery
of wheat to port

Utilising regionally specific data for soil N,O emissions,
rather than international default values, can markedly
affect the GHG emissions calculated for an agricultural
production system. In the present study, incorporating
site-specific data decreased the total GHG emissions cal-
culated for the production of wheat by 38% and de-
creased calculated soil N,O emissions by almost 85%.
This was because the measured N,O emissions repre-
sented a much lower proportion of the applied N
(0.02%), which was approximately 50 times less than
the default value suggested by the IPCC for calculating

! factor for N,O and (b) using IPCC (2006) emission

Postfarm factor for N,O (1.0%).

N,O emissions from cropped soils (1.0%) (IPCC 2006).
Barker-Reid et al. (2005) similarly reported low emissions
from a rain-fed wheat crop in a temperate region of south-
eastern Australia where annual emissions ranged from
0.20 to 0.27kgN,O-N/ha (0.06-0.11% of N fertiliser
applied) depending upon tillage and fertiliser manage-
ment. Given that globally, and across a variety of climatic
regions, a range of annual N,O losses (0.3-16.8 kg N,O-N/
ha/year) have been reported for cropped mineral soils
(Stehfest & Bouwman 2006), we recommend including
regional-specific data to accurately assess GHG emissions
from wheat production.

The main source of GHG emissions from the production
and transport of wheat in a semi-arid environment, such
as the central grain-belt of Western Australia, is likely to
differ from other regions. In the present study, the
production of urea was the single largest source of GHG
emissions (35%), followed by onfarm CO, emissions
(27%) and emissions from the transportation of grain
and farm inputs (12%). Similarly, Gasol et al. (2007) also
concluded that emissions from the production of fertiliser
accounted for a significant portion (i.e. 40-50%) of the
total GHG during the production of Brassica carinata in a
hectare of land in 1 year. By contrast, others who have
concluded onfarm emissions, rather than prefarm or
postfarm emissions, contribute significantly (33-54%) to
total GHG emissions, as a result of the application of
synthetic N fertilisers to the crop (Sheehan et al. 1998;
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35%
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Production of urea
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urea hydrolysis
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Production of
herbicide
Farm machinery 6%
production
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Fig. 4. Percentage contributions of greenhouse
gas emissions (CO, equivalents) in terms of
inputs and outputs for wheat production (a)
using Barton et al. (2008) emission factor for
N,O and (b) using IPCC (2006) emission factor
for N,O (1.0%).

Braschkat et al. 2003). The large contribution of onfarm
activities to the total GHG emissions in the previous
studies can be attributed to the larger amount of
N,O considered to be emitted from crop cultivation.
For example, Sheehan et al. (1998) estimated that
3.60-5.20 kg N,O-N/ha was emitted from the cultivation
of corn for biodiesel production, whereas in the present
study 0.11kgN,0O-N/ha was produced. Robertson et al.
(2000) also found that the emission of N,O during the on-
farm stage accounted for 77% of the total GHG emission.
If the regional-specific data had not been included in the

N20 emissions from
paddock

36%

present study, and the international default value used
instead, we would have incorrectly concluded that N,O
emissions from the application of N fertiliser to land was
the main source (40%) of GHG emissions from the
production and supply of wheat.

N,O emissions from land contribute significantly to
‘onfarm’ GHG emissions from wheat production in
semi-arid regions, even when measured losses are signifi-
cantly less than that predicted using the IPCC default
value. For example in the present study, and despite the
low amount of N,O produced (27 kg CO,-equivalent per
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tonne of wheat, Table 3), these emissions still accounted
for 20% of the total GHG (in CO, equivalents) emitted
from the onfarm stage due to the high global warming
potential of N,O (310 kg CO,-equivalents per kg of N,O).
Similarly, N,O emission has been found to be predomi-
nant in the onfarm stage for food production from
agriculture in the United States (Andersson & Ohlsson
1999; Heller & Keoleian 2000). Indeed in the present
study, over half of all the N,O produced in the production
and supply of wheat occurred from the onfarm stage,
with the remaining emitted in the postfarm stage via
transportation of the grain from the local silo to the port
using an articulated truck (13 x 10~ > kg N,O/tkm).

Limestone is often applied to arable soils to ameliorate
soil acidity, but can potentially increase the amount of
GHG emitted from wheat production. In the present
study, ‘liming” was not considered in the LCA as lime was
not applied during the study period; however, approxi-
mately 370 kg of lime (per 1 tonne of wheat) was applied
to the study site the previous year. We estimate that
applying 370kg of lime would emit 162 kg CO, from the
soil, based on the IPCC emission factor for the application
of lime to land (IPCC 2006), plus a further 4 kg CO, would
be emitted from the lime manufacturing stage. Including
liming in the present LCA would increase the total emis-
sion of GHG from 304 kg CO,-equivalents to 466 kg CO,-
equivalents per tonne of wheat. However, care should be
taken when calculating CO, emissions from liming, as
recent research would suggest that the IPCC default value
may overestimate CO, emissions from the application of
lime to land (West & McBride 2005; Hamilton et al. 2007).
The impact of liming on GHG emissions clearly needs
further investigation if we are to confidently include this
practice in LCAs for grain and food production.

The functional unit of an LCA analysis has a large
bearing on the conclusions drawn. For example, we
expect that the implications of the present study may
have differed if the analysis included the production of
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Harvest and thereafter

Fig. 5. Onfarm greenhouse gas emissions for

fallow land period 1 tonne of wheat (kg CO,-equivalent) production.

bread from harvested wheat. Other studies, including all
stages of crop life cycle or ‘paddock to plate’, have found
that either the manufacturing process of the finished
product or the use of finished product has contributed
more to GHG emissions than prefarm and onfarm stages
(Heller & Keoleian 2000). For example, in the life cycle of
ethanol production from cassava, almost 96% of CH, and
99% of N,O emissions are mainly related to the burning
of the stem of cassava and 42 and 57% of CO, emissions
are from the production of the unit of denatured ethanol
and the burning of the unit of ethanol gasoline, respec-
tively (Leng et al. 2008).

Mitigating GHG emissions from the production
and delivery of wheat to port

The LCA analysis presented in this paper suggests that
decreasing GHG emissions from the production of urea
fertiliser and the use of transportation fuel could have a
large impact on GHG emissions from the production and
delivery of wheat. A reduction in GHG emissions from
synthetic N fertiliser production might be achieved by
introducing cleaner production strategies in the urea
production process and by considering plant capacity
utilisation, type of feedstock, technology used and age of
the plant (Schumacher & Sathaye 1999). Alternatively,
the production or demand for synthetic N fertilisers, and
therefore GHG emission, might be decreased by replacing
chemical fertilisers with organic N fertilisers. For example,
it had been suggested that ~80% CO,-equivalent emis-
sions could be mitigated from the onfarm stage by
substituting chemical fertiliser for organic fertiliser
(Braschkat et al. 2003). However, the substituting syn-
thetic N fertiliser with organic fertiliser requires further
research for Australian situations as extrapolation of
findings from other parts of the world may not be appro-
priate due to differences in soil types, climate and produc-
tion systems.
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In terms of reducing GHG emissions from transporta-
tion and farm machinery, biodiesel and liquid petroleum
gas (LPG) might be an alternative fuel to diesel for farm
machinery and transportation. For example, from a life
cycle greenhouse emission perspective, biodiesel pro-
duced 78% less CO, than diesel in order to produce the
same amount of power (Sheehan et al. 1998). Also, the
LCA analysis of alternative fuel for Australian heavy
vehicles (Beer et al. 2002) found that pure biodiesel
produces 40% less emission than petroleum diesel. How-
ever, this study had considered the production of biodiesel
from canola, where the emission factor for canola produc-
tion was based on international data. Therefore, further
research needs to be carried out in order to ascertain the
emission factor of canola oil production in order to
incorporate this local data into the LCA analysis of
biodiesel production in Australia. LPG, which is produced
by extracting propane and butane from natural gas, can
be considered as an alternative fuel to diesel fuel. Engines
powered by LPG provide a reduction in life cycle GHG
emissions of between 15 and 20% (Beer et al. 2000).
However, only 18% of the natural gas reserve of Austra-
lia, which is about 130 years of consumption at the
current rate, is economically recoverable in today’s mar-
ket (Diesendorf 2007). Therefore, natural gas, with a
limited reserve as well as its higher demand from other
sectors, such as domestic, industry and power, may not be
a long-term substitute for diesel fuel.

Finally, in addition to LCA of GHG emissions, full
economic, social and other environmental impacts (e.g. soil
condition, air pollution, water quality) need to be taken
into account in order to assess the sustainability of grain
industries in south-western Australia and proposed GHG
mitigation strategies. For example, other environmental
impact categories need to be considered when assessing
the use of biodiesel, as De Nocker et al. (1998) found that
biodiesel use impacted more on soil and water acidification,
eutrophication and radioactive waste type (i.e. other envir-
onmental impact categories) than use of diesel.

Conclusions

(1) LCA has been found to be a useful tool for calculating
GHG emissions from the production and delivery of
1tonne of wheat to port, and for identifying which
production stages are responsible for these emissions.
Including regional-specific data for N,O emissions from
land improved the accuracy of the analysis.

(2) The GHG emission during the production and deliv-
ery of l1tonne of wheat to port was equivalent to
304 kg CO,, which was 38% less than the value calculated
when using the IPCC emission factor for N,O.
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(3) The prefarm stage, which included environmental
impact of the production of inputs, such as mining,
processing and transportation to the point of use, ac-
counted for the significant portion (45%) of the total
global warming potential, followed by onfarm (44%) and
postfarm (11%) stages.

(4) The production of fertiliser accounted for a significant
portion (35%) of the impact for prefarm and onfarm
activities for wheat production, while GHG emissions
from transportation were found to be predominant dur-
ing the postfarm stage.

(5) We recommend utilising regionally specific data for
soil N,O emissions, rather than international default
values, when assessing GHG from agricultural production
systems. In addition, we suggest that approaches for
decreasing emissions during prefarm and postfarm activ-
ities be further investigated in order to reduce the impact
of Australian grain production on GHG emissions.
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