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Executive Summary 

The Intergovernmental Panel on Climate Change Sixth Assessment Report found that climate 
impacts are appearing earlier and are more severe than expected. The world faces multiple 
unavoidable climate hazards over the next two decades with global warming of 1.5ºC and 
accelerated action is required to avoid mortality and loss of biodiversity and infrastructure. 

Achieving Climate Resilience requires both climate adaptation and mitigation of Greenhouse 
Gases which are accelerating climate change. Western Australia is committed to building 
resilience of the agriculture industry and as part of that is focussed on reducing greenhouse 
gas (GHG) emissions at both an industry and government level.  

Climate change mitigation is becoming increasingly urgent and Western Australia is committed 
to reducing greenhouse gas (GHG) emissions at both an industry and government level.  

The WA Department of Primary Industries and Regional Development (DPIRD) is working with 
industry and stakeholder groups to develop emissions reduction solutions for the WA 
agriculture sector. Engagement has commenced across the livestock, grains, horticulture, 
rangelands and intensive livestock industries. Detailed analysis and scenario modelling will be 
undertaken to develop practical and effective abatement options, including shared transition 
pathways.  

This baseline emissions report for the WA Agriculture sector has been developed as part of the 
State Government’s broader process to generate sector emissions reduction strategies (SERS) 
across the state. Establishing a baseline of agricultural emissions is needed to monitor changes 
in industry emissions over time. The emissions baseline will also play an important role in 
designing mitigation pathways. 

This report is broken into two parts:  

1. Emissions from the national greenhouse gas inventory (NGHGI) method and  
2. Industry level analyses (life cycle analyses and farm carbon accounts)  

to generate a baseline of GHG emissions for the WA agriculture sector and for each industry 
represented within the sector.  

The NGHGI method estimates state and national GHG emissions using a set of rules outlined 
by the Intergovernmental Panel on Climate Change (IPCC). These NGHGI emissions are used 
to report our emissions to the world and compare global emissions on a country-by-country 
basis. NGHGI reports gather emissions data from five sectors across the economy: 

1. Energy 
2. Industrial Processes 
3. Agriculture 
4. Land Use, Land Use Change; Forestry (LULUCF) 
5. Waste 

Collectively, the emissions from these sectors make up Australia’s state and national emissions 
reported through the NGHGI. 

Life cycle analysis (LCA) and carbon accounts are used to gather more detailed information 
about the sources and intensity of emissions along agricultural supply chains. These methods 
are used to drill down to a farm, enterprise or product level to generate emissions profiles for 
agricultural businesses and their inputs and products. This more detailed emissions information 
can be used to guide production efficiencies and carbon mitigation strategies along supply 
chains.  

Western Australian emissions 

WA is the only Australian state where overall emissions are increasing, with the increase driven 
mainly by rapid expansion of the energy sector. When carbon sequestration from the LULUCF 
sector is excluded, the energy sector is responsible for 83% of total emissions and agriculture 
for 10% (Figure 1). 
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Figure 1. (a) Relative contribution (Gg CO2e/year) of the Agriculture, Energy, Waste, LULUCF and 
Industrial Processes sectors to WA’s total GHG emissions over the past 30 years (1990–2020) and (b) 
Relative contribution (%) of enteric fermentation, agricultural soils, manure management, field burning 
and lime and urea application to WA Agriculture sector emissions in 2020. 1 Gigagram =1000 tonnes. 

WA Agriculture sector emissions 

Emissions from the WA agriculture sector have been largely stable since 2012 at just under 
10,000Gg CO2e. This stable period was preceded by a period of significant decline (24%) in 
emissions (from about 11,500Gg in 2004 to 8,750Gg in 2011) (Figure 2), which resulted mainly 
from a 43% decline in the WA sheep flock over the same period.  

 

 

 

Figure 2. Total Agriculture sector GHG emissions (Gg CO2-e) from Australian states and territories over 
the past 30 years (1990–2020). 

WA Agriculture sector emissions are dominated by emissions from the extensive livestock 
industry with sheep, cattle and associated pasture emissions accounting for just over 80% of 
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total emissions in 2020 (Figure 3). Broadacre cropping accounts for the next largest proportion 
of total Agriculture sector emissions (about 15%) followed by intensive livestock industries (pigs 
and poultry) at about 3% and horticulture at about 0.4%. 

 

Figure 3. Relative contribution (Gg CO2e) of the extensive livestock, intensive livestock, broadacre 
cropping and horticulture industries to total WA Agriculture sector emissions over the past 30 years 
(1990–2020). 

In 2020, WA agricultural emissions were reported in the NGHGI as 9758.56Gg CO2e (Figure 4) 
with this total comprising:  

• 57% from enteric fermentation 

• 23% from agricultural soils  

• 9% from manure management  

• 7% from liming  

• 4% from urea application 

• 0.4% from field burning of agricultural residues  
 

Methane (CH4) production via enteric fermentation is the dominant contributor to WA 
agricultural emissions, generating about 57% of total emissions in 2020. Nitrous oxide (N2O) 
production from nitrogen mineralisation and nitrification processes in agricultural soils is the 
second largest contributor to WA agricultural emissions – generating about 23% of total GHG 
emissions in 2020 (Figure 1b and Figure 4). 
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Figure 4. Relative contribution of enteric fermentation, manure management, agricultural soils, field 
burning, liming and urea application to total greenhouse gas emissions generated by the WA Agriculture 
sector over the past 30 years (1990–2020). 

Total emissions from the WA Agriculture sector have dropped by 15% since 2005 (Figure 3 and 
Table 1) with most of this due to a 30% reduction in enteric methane emissions from the 
livestock industry. However, over the same period, emissions from lime and urea application 
have increased by about 60% (Table 1).  

 

WA’s agricultural industries differ in the amount and type of greenhouse gas emissions they 
produce (Table 2). The sheep and cattle industries produce predominantly methane through 
enteric fermentation, with a smaller amount produced via manure breakdown. By contrast, 
emissions from the intensive livestock industries (pigs and poultry) consist predominantly of 
methane generated through manure breakdown. Grain industry emissions are driven by nitrous 
oxide (N2O) production from the microbial breakdown of organic matter and fertilisers in the 
soil. Horticultural emissions are dominated by CO2 production from the application of lime and 
urea (Table 2). 
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Relationship between Agriculture and LULUCF sectors 

The Land Use, Land-Use Change & Forestry sector (LULUCF) of the NGHGI is used to 
calculate changes in carbon stocks and net emissions from WA land. The LULUCF sector 
represents a significant sink for WA emissions. Since 2011, grassland, cropland and forestland 
have been net GHG sinks for WA (Figure 5) and in 2020 they represented -14,120.90 Gg CO2e 
(about 35% of Australia’s carbon sink) (Figure 5).  

 

Figure 5. Emissions (total and individual land use categories) associated with the WA LULUCF sector 
over the past 30 years (1990-2020). 

In 2020 the ‘forest land’ LULUCF category made up most of the carbon sink in WA with -10,255 
Gg CO2-e  stored in carbon stock in existing forests and increases in area of plantations and 
regenerated bushland (often on land managed by agricultural businesses – see Table 3). 

The 'cropland remaining cropland’ and ‘grassland remaining grassland’ categories were also 

significant carbon sinks (Figure 5 & Table 3). These categories are mainly based on land 

managed for agriculture (excluding rangelands under crown control) and capture changes in 



 

Page 9 of 65 

soil carbon and carbon stored in plants brought about through management practices of 

agricultural producers (Table 3). 

 

When the 2020 emissions from the WA Agriculture sector are balanced against the 2020 

carbon sequestration that occurred on agricultural land (as part of the LULUCF sector), a net 

positive balance of 225 Gg CO2-e is calculated for emissions from the Agriculture sector (Table 

3). This means that nearly all (97.5%) emissions from agricultural activities in WA in 2020 were 

balanced by carbon sequestration activities occurring on land managed primarily for agricultural 

enterprises. 

Industry emissions 

The emissions profiles generated by agricultural products and industries are driven largely by 
the intensity of the production system (Table 4). 

Life cycle analysis (LCA) and carbon accounts provide valuable insight into the emissions 
profiles associated with producing meat, wool, grain, fruit and vegetables along the entire 
supply chain or up to the farmgate. Both methods estimate the emission intensity of a product 
and capture emissions across NGHGI sectors with relevance to the Agriculture sector (e.g., 
Energy, Industrial Processes, LULUCF).  

LCA and farm account reports include emissions associated with the manufacture and 
transport of agricultural inputs such as electricity, fuel, fertilisers, pesticides and herbicides. 
Because of this, they provide a more complete picture of the emissions generated to produce 
agricultural products and can be used to indicate the environmental impact of a particular 
commodity or product. Farm carbon accounts provide the total emissions from a business at a 
point in time, and can be used to monitor movement of the business towards carbon neutrality. 
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While it is difficult to get definitive measures of emission intensity for WA products (due to 
variable production environments and scales of production), publicly available LCAs and 
carbon accounts enable an estimate of likely emissions per product (Table 5).  

 

WA emissions reduction goals  

The WA state government has set a goal of becoming carbon neutral by 2050. While this will 

require all sectors to reduce emissions not all sectors will be required to decarbonise at the 

same pace. Some sectors will be more easily able to reduce emissions in the short term while 

others may be constrained by technical limitations, existing infrastructure or stock turnover.  
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The state government has also announced an interim target of 80% reduction in 2020 

emissions by 2030 for all government owned assets and trading entities. This will have a 

significant impact on energy emissions from electricity and transport sectors. 

The development of SERS will help industry make the investment decisions needed to 
decarbonise. The SERS will be underpinned by comprehensive economy-wide modelling and 
emissions projections, which are expected to start in 2022. 

This baseline emissions study will provide a solid basis for determining pathways to the carbon 
neutrality of the WA agriculture sector and will form part of the monitoring and measurement 
framework to determine progress. 

Further work, in consultation with industry experts and stakeholders, will develop detailed 
scenarios to mitigate emissions across the agricultural industries.  
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Introduction 

The Intergovernmental Panel on Climate Change Sixth Assessment Report found that climate 
impacts are appearing earlier and are more severe than expected. The world faces multiple 
unavoidable climate hazards over the next two decades with global warming of 1.5ºC and 
accelerated action is required to avoid mortality and loss of biodiversity and infrastructure. 

Achieving Climate Resilience requires both climate adaptation and mitigation of Greenhouse 
Gases which are accelerating climate change. Western Australia is committed to building 
resilience of the agriculture industry and as part of that is focussed on reducing greenhouse 
gas (GHG) emissions at both an industry and government level.  

As part of this challenge the WA Department of Primary Industries and Regional Development 
(DPIRD) is working with industry and stakeholder groups to develop emissions reduction 
solutions for the WA agriculture sector. Engagement has commenced across the livestock, 
grains, horticulture, rangelands and intensive livestock industries. Detailed analysis and 
scenario modelling will be undertaken to develop practical and effective abatement options, 
including shared transition pathways.  

Greenhouse gas emissions (GHG) are calculated at a national/state level and at an 
enterprise/product level using different approaches. 

Australia’s state and national emissions are calculated using a set of rules outlined by the 
Intergovernmental Panel on Climate Change (IPCC). These state and national emissions are 
reported through the National Greenhouse Gas Inventory (NGHGI), which is used to report our 
emissions to the world and compare global emissions on a country-by-country basis. 

Industry and farm businesses can measure emissions at a product or farm/enterprise level 
using life cycle analysis (LCA) or farm business/enterprise carbon accounts. Product-level 
analyses generate emission intensities for specific products (e.g., emissions per unit of milk, 
meat, wool). Carbon accounts quantify the total emissions generated at a farm 
business/enterprise level and for each product produced by the business. LCAs and farm 
carbon accounts include both on-farm emissions and emissions that occur pre-farmgate (from 
purchased inputs such as fertiliser etc). They can also include carbon sequestration activities. 

Unlike LCAs and farm carbon accounts, NGHGI reporting for the Agriculture sector does not 
include emissions generated during the manufacture and transport of agricultural inputs – such 
as fertilisers, herbicides, pesticides and agricultural machinery. Instead, these emissions are 
captured in the NGHGI Energy sector reporting. Also, any changes in on-farm carbon stocks 
from tree planting/harvest or soil carbon fluxes are accounted for in the Land Use, Land Use 
Change and Forestry (LULUCF) sector rather than the Agriculture sector (Table 5).  

This report is broken into two parts: 

1. A summary of GHG emissions as reported by the National Greenhouse Gas Inventory 
(NGHGI) 

2. A summary of industry generated carbon accounts using life cycle analysis (LCA) or 
farm business/enterprise carbon accounts 

to generate a baseline of GHG emissions for the WA agriculture sector and for each industry 
represented within the sector. 
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The GHG baseline reported here will inform work being undertaken by the Department of Water 
and Environmental Regulation (DWER) to enable each industry sector to better understand 
their relative contribution to the state’s total emissions and to model emissions trajectories, 
potential emissions targets and transition plans for the whole WA economy. 

WA government Climate Policy 

The WA Minister for Climate Action launched the development of the sectoral emissions 
reduction strategies (SERS) on 2 December 2021. The SERS are a core commitment of the 
Western Australian Climate Policy and will provide robust and credible emissions reduction 
pathways for the whole of WA. The emissions reduction strategies will be developed in 
consultation with business, industry, research institutions and the wider community to transition 
the WA economy to net zero emissions by 2050. 

The SERS recognise that significant action is needed this decade to enable emissions 
intensive industries to transition and to protect WA’s economy from carbon transition risks. 

Each of the SERS will evaluate abatement options for a specific sector of the economy, and 
analyse the costs and benefits of emissions reduction, including implications for economic 
growth and diversification, employment, regional development and Aboriginal engagement. 

DPIRD is engaging with industry and stakeholder groups to develop emissions reduction 
solutions for the WA agriculture sector. Engagement has commenced across the livestock, 
grains, horticulture, rangelands and intensive livestock industries. Detailed analysis and 
scenario modelling will be undertaken to develop practical and effective abatement options, 
including shared transition pathways.  

This baseline report provides a foundation document to inform the SERS process for the 
agriculture sector. 
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The WA agriculture industry 

WA is Australia’s largest grain-producing region and a significant producer of the nation’s 
livestock, dairy, wool, horticulture and honey products. Broadacre crops provide ~56% of the 
state’s agricultural income, with livestock including meat, wool and dairy generating 34% and 
horticulture 10% (Figure 1). 

 

Figure 1. Relative contribution (%) of WA agricultural industries to the gross value of agricultural 
production in 2019–2020 (Source: ABS) 

WA’s primary industries cover 60% of the south-west land division (17.8m hectares) and 38% 
of the rangelands (85.6m hectares). 

The WA agriculture and food sector is a significant employer, providing jobs for 188,400 people 
in 2016–17. 

About 80% of WA’s agricultural production is exported and the sector is a significant user of 
international air and sea freight. In 2021, about 18.2 million tonnes of food and beverage were 
exported by sea and air.  

Livestock 

Beef cattle 

WA manages about 9% of the Australian beef cattle herd. Cattle numbers have been relatively 
stable for the past decade hovering between 1.8 and 2.1 million head. In July 2019, the herd 
was estimated at 1.9 million head with 1.1 million cows and heifers.  

WA exports about 30% of beef produced with the remainder consumed domestically. The beef 
cattle industry was valued at about $899 million in 2019–2020. 

The WA beef cattle herd is distributed almost 50:50 between the rangelands and agricultural 
regions. The largest herds are in the Kimberley region in the north. 

Properties in the rangelands are significantly larger than southern properties and predominantly 
run Bos indicus cattle. Cattle are grazed on native grasses and shrubs. Stocking rates typically 
range from 1–3 cattle units per square kilometre (a standard cattle unit is equivalent to a 400kg 
steer at maintenance). 
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Properties in the southern agricultural region tend to be smaller in size with many mixed 
cropping and livestock enterprises. These properties can operate with higher stocking rates 
than rangeland areas due to a more reliable rainfall, longer growing season and better-quality 
forage. Cattle are predominantly Bos taurus stocked at between 1–3 cattle units per hectare 
and grazed on improved pastures including annual ryegrass, subterranean clover and sub-
tropical perennial grasses. 

Sheep and wool 

In July 2020, the WA sheep flock numbered 13.7 million head and represented 21% of the 
national flock. There are more than 4000 sheep producers in the state with 26% of farms 
managing flocks larger than 4000 head.  

Most sheep in WA are in the medium rainfall zone in the southwest and cereal sheep zone of 
the state. A small number are in the southern rangelands. 

Over the past 30 years the WA flock has declined significantly in numbers — from 38.4 million 
in 1990 to 13.7 million in 2020. The decline has largely been due to the collapse of the reserve 
price scheme for wool in 1991, which over time has shifted the structure of the WA flock away 
from one based on wool towards a dual product flock focussed on sheep meat (specifically 
lamb) and wool production. The change in flock structure has led to a significant decline in the 
proportion of wethers in the flock from 32% to 8%, and an increase in the proportion of 
breeding ewes from 45% to 59%. 

While the number of sheep has declined, the flock has become more efficient with farmers 
producing more from fewer sheep. Between 1991 and 2020 the gross value of agricultural 
production of the WA sheep flock increased from $966 million to $1.3 billion. In 1991, wool 
made up 91% of the value of the sheep industry and meat 9%. By 2020, the proportional value 
of sheep meat had risen to 52% while wool had fallen to 48%.  

 

 

 

Pigs 

WA’s pig herd has increased over time with an estimated 339,840 pigs in 2019–2020, 
representing about 15% of the national herd. The industry is located mainly in the south-west of 
WA, with operations spread across the wheatbelt, great southern and south-west regions.  

Three producers generate the bulk of pig production with smaller producers contributing to local 
supply. In 2019–2020 the value of the pig industry was $223.5m. 

Three production methods are used in the WA pig industry: 

1. Conventional (raised in sheds) 
2. Deep litter (raised on straw) 
3. Rotational outdoor (free-range)  

Over the past 20 years there has been a push (largely driven by changing consumer sentiment) 
towards free-range operations, and this has seen a shift away from deep-litter systems. Growth 
in free-range operations in WA’s great southern region has occurred due to favourable climatic 
factors. In addition to this, demand for higher animal welfare standards has seen conventional 
systems shift towards sow stall-free production methods. The WA pig industry relies on feed 
grain produced in WA, with feed additives sourced from elsewhere.  

Waste management methods are specific to the pig production method. Conventional 
operations can catch and contain their waste, commonly in evaporation ponds. In deep litter 
operations, the captured waste is distributed across paddocks. In free-range operations, waste 
is deposited directly onto paddocks and the nutrients used to support crop production.  
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Eggs 

Limited data on WA egg production systems exists, however ABS data estimated there were 
1,388,437-layer hens (8.6% of the national flock) in 2019–2020. Many operations are located 
on the outskirts of Perth with others in the wheatbelt and south-west regions. The industry is 
structured around two main players, with many minor operators also contributing supply. The 
gross value of the WA egg industry in 2019–2020 was estimated at about $94.8m. 

Three housing systems are used for egg production in WA: 

• Cage (CC)  

• Barn Laid (BL)  

• Free Range (including so-called ‘caravans’, or mobile egg production operations).  

Shifting consumer sentiment has encouraged production away from caged systems towards 
cage-free alternatives and this has resulted in major supermarkets phasing out caged eggs. 
The independent panel responsible for finalising the draft Australian Animal Welfare Standards 
and Guidelines for Poultry has recommended that caged egg production systems be phased 
out by 2036. 

Major Australian and international companies such as Coles, Woolworths, Aldi, Nestle, 
Unilever, Hilton, Tesco and Ikea have either already transitioned or committed to sell or 
process only cage-free eggs by 2025. This may further influence producers to opt for barn and 
free-range production systems. 

Feed for the egg industry consists largely of milled WA grain products, with additives sourced 
from elsewhere.  

In caged and barn-raised egg operations waste is captured and contained either by direct 
application onto broadacre crop paddocks (about 60%) or sending to commercial composters 
for processing (about 40%). In free-range operations, waste is deposited in-situ on the outdoor 
area, while a variety of methods are used to manage waste from adjoining sheds.  

Chicken meat 

The WA meat chicken industry is dominated by two large producers each with a high degree of 
vertical integration and encompassing much of the supply chain. Due to confidentiality 
concerns, there is very little detailed information available for this industry.  

Over the past five years the number of operations in the chicken meat industry has grown 
significantly, largely due to changing circumstances in other states. Most chicken meat 
operations are on the outskirts of the Perth metropolitan area, with access to labour an 
important consideration. Operations are also found in the wheatbelt and production is growing 
in the great southern region.  

Feed for the chicken meat industry is largely based on WA grain, with feed additives sourced 
from elsewhere.  

Dairy 

WA’s dairy industry is reasonably small compared to other states, with the number of dairy 
cattle representing just 4.6% of the national herd. Dairy production in WA is dominated by 
grass-fed systems and most operations are found in the higher-rainfall, south-west portion of 
the state. Recently a number of farms in the Upper South West have ceased milking but herds 
have growth further south.   

The industry has also experienced a period of farm consolidation resulting in larger herd sizes 
on some farms, but the total herd size has fallen in the past five years. Genetic improvements 
have increased milk yield per cow.  
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The majority of WA milk is supplied as fresh milk and there is little evidence of value-adding 
within the dairy industry. In 2019–2020, the estimated gross value of WA milk production was 
about $190.5m at the farm gate. 

Feed for the WA dairy industry is largely sourced on-farm, with additional feed from locally 
produced hay and grain. Manure is deposited directly onto land. There has been a push 
towards waste capture from dairy milking facilities for containment in evaporation ponds. The  
WA Effluent Code of Practice discourages direct application of effluent in winter due to the 
potential to pollute waterways so the majority of farmers (80% plus) would have effluent storage 
rather than direct application to land. 

Feedlot cattle  

WA cattle feedlots are scattered across the southwest, from Geraldton to Esperance and 
Albany to Cowaramup. Recent consolidation of WA’s cattle feedlot sector has seen some 
small, opportunistic lot feeders exit the industry. Over the same period, many small-to-medium 
operations (predominantly family-owned) have grown.  

Results from the MLA Australian Lot Feeders’ Association survey indicate there were 40,000 
West Australian cattle on feed in the final quarter of 2021 (representing 3.5% of the cattle 
feedlot nationally). In the same quarter, the capacity of WA cattle feedlots was 73,000 head, 
representing 5% of the national capacity. 

In most cases, manure is collected from feedlots and applied to land either raw or as aged or 
composted products. 

Grains 

The WA grains industry is dominated by wheat, barley, canola and oats. Small but significant 
quantities of lupins and other pulses are also produced. In 2019, WA produced 40% of the 
national wheat yield, 38% of the barley yield, 49% of the canola yield and 56% of the oat yield. 
About 90% of WA grain production is exported. Production varies considerably from year to 
year depending on seasonal and economic conditions that influence yields and area planted. 
Over the past four years, total production has varied from about 12.2 million tonnes in 2019 
(worth $4.4 billion) to 24 million tonnes in 2021 (worth about $8 billion to the WA economy). 

WA grain cropping is carried out under rainfed conditions, often as part of a broader farming 
system including animals grazed on pastures in rotation with crops. However, large areas of 
cropping-only farms occur especially in medium to low rainfall areas. Most grain is grown using 
a no-till system where crops are sown with minimal soil disturbance into retained residues from 
previous crops. No-till systems depend on herbicide-control of weeds, which makes up a 
significant proportion of production costs. Due to the inherent infertility of WA soils, and the low 
proportion of legumes in current cropping systems, the grain industry is highly dependent on 
fertiliser inputs and WA farmers use more nitrogen fertiliser than their eastern states 
counterparts. In 2019–2020 WA imported $735 million worth of fertiliser with $255 million of this 
for urea (Amir Abadi, pers comm). 

WA grain growers are technologically sophisticated, innovative and willing to adopt new 
practices if they can see a benefit. This is evidenced by the rapid adoption of no-till since the 
1990s and of controlled-traffic farming and GPS guidance since the 2000s. Since the 1980s 
there has been a trend to earlier crop sowing, a practice that has increased in adoption in 
recent years especially with canola and the development of slower maturing wheats. Despite 
ongoing climate change, average yields of our major crops have continued to rise with wheat 
yields increasing at an average rate of 21kg/ha/year between 1980 to 2022. 

Horticulture 

The WA horticulture industry produces a diverse range of tropical and temperate fruits, 
vegetables, grapes (table and wine) and native flowers. Growing regions span from the Ord 
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River irrigation area in the north, to the Gascoyne River at Carnarvon, the coastal sands near 
Perth and throughout the cooler south-west region. Reduced availability of irrigation water near 
Perth is encouraging horticulture activities to move into the mid-west region, including 
greenhouse cucumbers at Geraldton, citrus cultivation in Moora and export carrots near 
Lancelin. Recent industry developments include the release of 400 hectares of land and 
irrigation water at Carnarvon; a significant expansion of the avocado industry in the south-west 
and vegetable, table grape and asparagus operations near Broome.  

Vegetables generate 48% of WA's horticultural production value, while fruit varieties generate 
about 51%. Carrots generate the greatest wholesale value (18%) of all vegetables, with the 
export-focused industry increasing 12% in value over the past five years and producing about 
134,000 tonnes in 2020 with a value of $120m. Fresh potatoes, tomatoes, onions and 
cucumbers come after carrot as the main vegetables in wholesale value. Exports of onions and 
ware potatoes have risen by triple-digit growth in the past five years. Avocado has seen a 29% 
increase in production over the past five years and is the highest value WA fruit crop at $201m, 
followed by table grapes, apples and strawberries. Table grape production has increased 64% 
over the past five years as growers plant new high-quality varieties and the production area 
expands. Apple growers have been replacing older varieties since 2016, with production 
expected to increase over the next two years. The WA strawberry industry accounts for 80% of 
Australian exports – with improvements in production and packing systems reducing labour 
requirements amid the current labour shortage. 

Food processing industry 

The food processing sector in WA is relatively small but very diverse. Figure 2 provides an 
indication of the turnover range of food processing businesses. Bakery, wine and ‘other’ food 
production make up the majority of food processing businesses in WA followed by brewing, 
meat processing and fruit and vegetable processing.  

 

 

 

Figure 2. Number of WA food and beverage industries by turnover (A$b) in 2020 (Source: internal 
DPIRD report, 2021) 
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Agriculture sector emissions & the State inventory 

The National GHG Inventory (ageis.climatechange.gov.au) is the reporting mechanism for WA 
GHG emissions and is used to estimate emissions from all areas of the state’s activity, which is 
broken into five distinct sectors: 

1. Energy 
2. Industrial Processes 
3. Agriculture 
4. Land Use, Land Use Change; Forestry (LULUCF) 
5. Waste 

WA emissions  

WA is the only Australian state where overall emissions are increasing, with the increase driven 
mainly by rapid expansion of the energy sector (Figure 3). When carbon sequestration from the 
LULUCF sector is excluded, the energy sector is responsible for 83% of total emissions and 
agriculture is responsible for 10% (Figure 3).

 

Figure 3. (a) Relative contribution (Gg CO2-e/year) of the Agriculture, Energy, Waste, LULUCF and 
Industrial Processes sectors to WA’s total GHG emissions over the past 30 years (1990–2020) and (b) 
Relative contribution (%) of enteric fermentation, agricultural soils, manure management, field burning 
and lime and urea application to WA Agriculture sector emissions in 2020. 

 
For the past eight years, emissions from the WA agriculture sector have been largely stable at 
just under 10,000Gg CO2e (Figure 4). This stable period was preceded by a period of significant 
decline (24%) in emissions (from about 11,500Gg in 2004 to 8,750Gg in 2011), which resulted 
mainly from a 43% decline in the WA sheep flock. Queensland, Victoria and New South Wales 
generate the most Agriculture sector emissions of all Australian states and territories with 
emissions fluctuating since 2010 and declining rapidly in the last few years (Figure 4). 
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Figure 4. Total Agriculture sector GHG emissions (Gg CO2-e) from Australian states and territories over 

the past 30 years (1990–2020). 

Agricultural sector emissions are currently accounted for in the NGHGI using the following 

categories (Figure 5): 

• ‘Enteric fermentation’ (ruminant methane production) 

• ‘Manure management’ (both paddock and intensive manure management – CH4 

and N2O) 

• ‘Agricultural soils’ (application of N fertilisers, crop residues, mineralisation due to 

loss of soil carbon, atmospheric N deposition, leaching and run-off) 

• ‘Field burning of stubbles’ 

• ‘Liming’ (release of bicarbonates leading to CO2 production) 

• ‘Urea application’ (loss of CO2 during application that was fixed during manufacture)  

• ‘Rice cultivation’ 
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Figure 5. Delineation between emissions accounted for within the Agriculture sector vs the LULUCF and 

Energy sectors within the National Greenhouse Gas Inventory. Source: Iversen P., Lee D., and Rocha 

M., (2014) Understanding Land Use in the UNFCCC. 

Figure 5 shows the delineation between the emissions included in the Agriculture sector and 

those included in the LULUCF and Energy sectors. Any CO2 emissions or sinks (other than 

urea and lime application as described above) from agricultural activities are accounted for in 

the LULUCF sector, including any change in carbon stocks in soil and vegetation due to tillage 

and productivity i.e., emissions from N2O are counted in agriculture but any carbon 

sequestration is accounted for in LULUCF under the ‘agricultural soils’ category. 

Emissions produced by some activities in the agriculture industry are currently accounted for in 

other sectors: 

• Agricultural land converted to forests (plantations, revegetation) is accounted for in 

the LULUCF sector. 

• Impacts of tillage practices on cropland carbon sinks and losses (including pasture 

in rotation) are accounted for in the LULUCF sector. 

• Carbon sinks and losses in grasslands and forest lands (mainly pastoral country 

with some permanent pasture on the Swan Coastal Plain) are accounted for in the 

condition of existing lands within the LULUCF sector. 

• Emissions from upstream and downstream services and products used on-farm are 

accounted for in the Industrial Processes sector (where produced in Western 

Australia). 

• On-farm electricity and fossil fuels are accounted for in the Energy sector emissions. 

While the list above details techniques that can reduce emissions from agricultural land, they 

are not counted in the agricultural emissions inventory as this ensures there is no ‘double 

counting’ of emissions across sectors and reflects the process agreed to internationally by the 

Intergovernmental Panel on Climate Change (IPCC). 

In 2020, WA agricultural emissions were reported in the NGHGI as 9758.56Gg CO2e (Figure 6) 
with this total being made up of:  
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• 57% from enteric fermentation 

• 9% from manure management  

• 23% from agricultural soils  

• 0.4% from field burning of agricultural residues  

• 7% from liming  

• 4% from urea application 

 

Figure 6. Relative contribution (Gg CO2-e) of enteric fermentation, manure management, agricultural 
soils, field burning, liming and urea application to total WA Agriculture sector emissions over the past 30 
years (1990–2020). 

Methane (CH4) production via enteric fermentation is the dominant contributor to WA 
agricultural emissions, generating about 57% of total emissions in 2020 (Figure 6). Methane is 
produced as a natural by-product when ruminants digest their feed and since WA has 
significant herds of sheep and cattle, methane contributes a large component of the state’s total 
agricultural emissions. Nitrous oxide (N2O) production from nitrogen mineralisation and 
nitrification processes in agricultural soils is the second largest contributor to WA agricultural 
emissions – generating about 23% of total GHG emissions in 2020 (Figure 6).  

Emissions from liming account for the field-based loss of CO2 fixed during the manufacturing 
process and released during the dissolution process. 

Urea, CO(NH2)2, is manufactured by reacting ammonia (NH3) and carbon dioxide (CO2) at high 
pressure and temperature. The CO2 fixed during the manufacture of urea is released during 
dissolution in the field and is accounted for in the ‘urea application’ category of the NGHGI. 
Both lime and urea application, although relatively small, have been increasing steadily in crop 
and pasture systems since 1990. 

Calculating emissions 

Emissions for each category of the Agriculture sector (Table 6) are calculated using recognised 
production figures from ABARES and a series of inputs determined by subject matter experts 
and industry data sources. For a full description of the inputs please see the National Inventory 
Report 2020 Volume 1, Chapter 5. 
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Ruminant production of enteric methane (‘enteric fermentation’ category) is influenced by feed 
intake, feed quality and livestock numbers within each stock category. Feed intake and feed 
quality are estimated using best known inputs.  

Emissions from the ‘manure management’ category are a combination of methane from organic 
matter decomposition (mainly manure stored in piles or lagoons) and nitrous oxide from the 
decomposition of ammonia compounds, a process influenced by the waste management 
system. 

Emissions calculated from grain growing, pasture production and horticulture are all reported 
within the ‘agricultural soils’, ‘field burning of crop residues’, ‘lime’ and ‘urea application’ 
categories and are assumed to cover the whole of the ‘cropland’ category (as defined by 
NGHGI). 

Emissions from ‘agricultural soils’ comprise: 

• direct soil emissions: microbial nitrification and denitrification of fertiliser and manure 
nitrogen that remains in agricultural soils.  

• indirect soil emissions: nitrogen removed from agricultural soils via volatilisation, 
leaching, runoff, or harvest of crop biomass. 

The CO2 emissions from the ‘liming’ category is estimated by the application of lime across 
‘cropland’ and ‘grassland’ using data obtained between 2010 and 2017 and estimated for out 
years with a reliability estimate of 54%.  

Urea, CO(NH2)2, is manufactured by reacting ammonia (NH3) and carbon dioxide (CO2) at high 
pressure and temperature. The CO2 fixed during the manufacture is released during dissolution 
in the field and is accounted for in ‘Urea application’. 

The relative size of crop and pasture emissions has changed since 1990 with lime and urea 
emissions increasing to 23% (lime) and 12% (urea) of total agricultural emissions (Table 7).  
This excludes livestock ‘enteric fermentation’ and ‘manure management’ (‘enteric fermentation’ 
dropped to 58% of 1990 levels in 2020 in the same period). 

In 1990, direct and indirect soil emissions (‘agricultural soils’ category) made up 91% of 
emissions but by 2020 this category accounted for only 67% of emissions. However, over the 
same period, total agricultural soils emissions increased to by 42% of 1990 levels (Table 7) due 
mainly to increased inputs such as lime and nitrogen fertiliser to support higher yields. 
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NGHGI emissions by industry 

Snapshot  

Agricultural industries differ in their dominant emissions and the source of these gases. 
Livestock industries typically produce methane — enteric methane from ruminants and 
methane from manure in intensive livestock systems. Broadacre cropping, pasture and 
horticulture emissions arise mostly from the release of nitrous oxide from agricultural soils. The 
‘lime’ and ‘urea application’ categories contribute all the CO2 emissions reported in the 
Agriculture sector NGHGI (Table 8). 

  

Emissions calculations are done using NGHGI and ABS statistics reported for each agricultural 
commodity. Figure 10 outlines emissions across the various agricultural industries. The 
emissions have been estimated by apportioning fertiliser and lime use across commodities and 
estimating the contribution from pasture on agricultural soils. Extensive livestock contribute 
about 80% of the total emissions (mostly enteric methane) generated by the WA Agriculture 
sector (Table 8 & Figure 10). Emissions from each of the agricultural industries are discussed 
in more detail in remaining sections of this report. 
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Figure 10. Relative contribution (Gg CO2-e) of the extensive livestock, intensive livestock, broadacre 
cropping and horticulture industries to total WA Agriculture sector emissions over the past 30 years 
(1990–2020) (Source: ageis.climatechange.gov.au and DPIRD analysis). 

Livestock emissions 

WA’s livestock emissions are driven largely by the number and size of ruminants in extensive 
grazing systems (Table 9). 

 

Both extensive and intensive livestock emissions are dominated by methane; with enteric 
methane contributing 86% and methane from manure 14% (Figure 11). Manure management in 
intensive and extensive livestock industries also contributes about 0.6% of WA’s Agriculture 
nitrous oxide emissions (Figure 11). 
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Figure 11. Relative proportion (%) and source of methane and nitrous oxide emissions from the WA 

livestock sector in 2020 

Extensive livestock (sheep and cattle) 

The extensive livestock sector is dominated by beef cattle and sheep with small numbers of 
goats, deer, buffalo, horses and camels. 

Numbers, flock/herd composition, feed quality and feed intake are the biggest drivers of 
methane emissions in the extensive livestock sector. 

WA sheep numbers steadily declined from their highpoint in 1990 until about 2010 due to 
restructuring in the sheep industry and the rise of profitable cropping systems. However, high 
prices for wool and meat coupled with the value of sheep in the mixed farm business have 
stabilised flock numbers since 2011 (Table 10). These movements in sheep numbers have had 
the largest effect on sheep (and livestock) emissions in WA (Figure 12). In 2020, sheep 
emissions from enteric fermentation made up 44% (2432Gg CO2-e) and beef cattle 56% 
(3067Gg CO2-e) of total sheep and cattle emissions. 
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Figure 12. Methane (CH4) emissions from WA sheep and cattle over the past 30 years (1990-2020) 

The WA cattle herd has been relatively stable since 2012. About 50% of beef cattle are in the 
pastoral regions and 50% in the agricultural region while nearly all (99%) of the state’s sheep 
flock are in the agricultural region. 

In 2020, dairy herd emissions were 369,755t CO2e and accounted for about 11% of the total 
cattle herd emissions. In 2020, the beef feedlot sector contributed about 106,000t CO2e, a 25% 
increase on 2019. These calculations include emissions from animal waste applied to soils, 
urine and dung. 

Intensive livestock 

The intensive livestock industry is comprised mainly of pigs and poultry (chicken meat and 
eggs). 

 

While pigs emit some methane via enteric fermentation, it is only a small amount compared to 
sheep and cattle. More than 90% of emissions in the pig industry come from the release of 
methane during manure management (Table 12 and Figure 13). 
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The contribution of pig and poultry emissions to WA’s total agriculture emissions have gradually 
increased since 2010 (Figure 13) but remain a small contributor to the overall emissions from 
agriculture (2.74% in 2019 and 2.97% in 2020). 

 

Figure 13. Total emissions and their source in the WA pig and poultry industries over 
the past 30 years (1990–2020) 1Includes atmospheric deposition, animal waste applied to soils, urine 

and dung deposited, indirect soil emissions, nitrogen leaching and run-off. 2NHGHI based on ABS data. Note: 
‘other’ livestock includes goats, horses, deer, buffalo, donkeys/mules, emus/ostriches, alpacas and camels. 
 

NHGHI assumptions used for pig and poultry emissions 

The NGHGI calculations in Table 12 make assumptions about the proportion of pigs and 
poultry raised in either enclosed, deep litter or free-range systems. In 2020, manure 
management systems in the poultry industry were assumed to be 97% litter from housing and 
3% from free range. Manure management systems in the pig industry were assumed to be 10% 
outdoor, 20% deep litter and 67% anaerobic lagoons. 

Waste from fully enclosed systems is assumed to be channelled into uncovered lagoons, which 
generates methane. Feed waste is also assumed to ferment and release methane. 
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Grains 

Under the NGHGI, grain industry emissions (along with those from pasture and horticulture) are 
accounted for in the categories of ‘agricultural soils’, ‘field burning of residue’ and ‘lime and 
urea application’ and are assumed to cover the whole of the ‘cropland’ category. 

Nitrogen fertiliser application and its associated emissions are calculated in the NGHGI at a 
standard rate based on the total fertiliser applied for all crops minus that used for horticulture. In 
2020 this equated to 97.5% of all nitrogen fertiliser applied in WA being applied to crops and 
pastures. Nitrogen fertiliser contributes to both direct and indirect agricultural soil nitrous oxide 
emissions. 

In 2020, the assumptions on nitrogen fertiliser application rates were: 

• irrigated crops and pastures: 80kg N/ha 

• horticultural crops: 246kg N/ha 

• vegetables: 125kg N/ha  

• crops and pastures: calculated from the remainder of ‘total fertiliser applied’ (estimated 
from Fertiliser Australia).   

In 2020, WA broadacre crops were planted across about 8m ha of land. 

To calculate emissions from land used by the grains industry, assumptions about the amount of 
lime, urea and other fertilisers applied during the cropping program must be made. Estimation 
of lime applied for grain production is based on ABS data from 2010–2017. 

Figure 14 estimates the crop-related emissions from the NGHGI Agriculture sector categories 
of agricultural soils, lime, urea and stubble burning. Please note: crop emissions are reported in 
the year after harvest and as such do not directly match up with year of production. 

 

Figure 14. Estimated WA crop emissions over the past 30 years (1990–2019). Emissions have been 
adjusted for relative production area and rates of fertiliser and lime applied to crops vs pastures.   

WA broadacre crop emissions result largely from direct soil emissions of nitrous oxide (note: 
carbon emissions and sequestration from soils are not counted in the Agriculture sector 
emissions but in the LULUCF sector). Nitrous oxide emissions arise from soils via microbial-
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mediated denitrification and nitrification processes and make up about 60% of total cropping 
emissions.  

Between 1990 and 2019, lime and urea application in WA cropping systems rose substantially 
with lime application in 2020 twenty times higher than in 1990. Over the same period, 
emissions from stubble burning have declined 40% to 38Gg CO2-e (Figure 14). 

The area and production of wheat, canola and barley have risen steadily over the past three 
decades however the production of lupins and oats (although relatively small in overall 
production) has declined. The variation in emissions largely reflects the inputs of nitrogen in 
response to the season and area planted, noting that emissions are reported in the year 
following the crop. Crops such as canola show increasing emissions over time.  This is due to 
an increase in the area planted but also that there are generally higher inputs and therefore 
emissions (Figure 15). 

 

Figure 15. Relative contribution (Gg CO2-e) of grain, pulse and oilseed crops (bars) to total WA cropping 
emissions over the past 30 years (1990–2020) and lime, urea and fertiliser (lines) applied to all crops 
over the same period. Please note lime and urea emissions have not been adjusted for crop type or 
variable fertiliser and lime application. 

Horticulture 

Horticulture emissions reported in the NGHGI are based on ABS statistics of the area sown to 
each crop. However, a recent DPIRD survey shows a very different horticultural activity pattern 
across a similar total area of 65,824 hectares (with another 3800 hectares of land under 
transition) (Table 13 and Figure 15).  
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Figure 16. DPIRD survey results for WA area under cultivation for horticulture in 2020 

The WA horticulture sector contributes about 1.75% of the state’s total agricultural emissions. 
NGHGI horticultural emissions rose rapidly from about 115Gg CO2e in 2013 due to increasing 
lime application and the CO2 emissions associated with lime dissolution. However, emissions 
have since stabilised at about 170Gg CO2-e (2014–2019) (Figure 17). 

Horticultural fertiliser applications are calculated for the NGHGI as: 

• irrigated crops and pastures: 80kg N/ha 

• horticultural crops: 246kg N/ha 

• vegetables: 125kg N/ha 
 

Both horticulture and irrigated crops are included in Figure 17, which assumes that 2% of all 
urea and 1% of all WA lime is applied to horticultural crops (which collectively occupy 1% of the 
land area). 
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Figure 17. Estimation of GHG emissions from the WA horticulture industry — including vegetables, 
tubers and roots and estimated emissions from fertiliser and lime application (includes irrigated crops). 

The NGHGI provides only limited information on horticulture soil emissions and their origins.  

Those that are reported are as follows: 

• Direct soil emissions — inorganic fertiliser horticulture (19.89Gg CO2-e) 

• Direct soil emissions — inorganic fertiliser irrigated crops (7.97Gg CO2-e) 

• Crop residues — tubers and roots (0.12Gg CO2-e) 
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LULUCF and agricultural emissions 

Agricultural and pastoral grazing lands make up 40% of WA’s land mass. More than 38% of the 
pastoral land division (33% of WA) is privately held leasehold for grazing. More than 60% of the 
south-west land division (7% of WA) is privately owned agricultural land. 

The Land Use Land Use Change and Forestry sector (LULUCF) of the NGHGI is used to 
calculate changes in carbon stocks and net emissions. The LULUCF sector is divided into land 
use types:  

• forest land 

• grassland  

• cropland  

• wetlands  

• settlements  

• other  

The LULUCF sector also takes account of land types moving between categories, e.g., when 
forest land is converted to cropland in any given year. 

 

Figure 18. Contribution of ‘forest land’, ‘cropland’, ‘grassland’, ‘wetland’ and ‘settlements’ categories 
(lines) to total emissions (bars) from the WA LULUCF sector over the past 30 years (1990–2020). 

The LULUCF sector represents a significant sink for WA emissions. Since 2011, grassland, 
cropland and forestland have been net GHG sinks for WA (Figure 17) and in 2020 it 
represented -14,120.90 Gg CO2-e (approximately 35% of Australia’s carbon sink).  

Land use classifications are defined by the NGHGI (Figure 19a). 
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Figure 19. (a) Land use classifications used by the NGHGI to define the LULUCF sector (b) 2020 carbon 

emissions from the WA LULUCF sector. 

Carbon fluxes from ‘forest land’ are driven by vegetation losses and gains due to plantations, fire, 
clearing and vegetation growth. Carbon fluxes in ‘grasslands: high rainfall pastures’ are driven largely by 
land management practices such as grazing intensity, pasture composition, fertiliser and irrigation. 
Carbon fluxes in ‘grasslands: native arid grasslands’ are driven mainly by fire and some grazing pressure 
and woody vegetation changes. In ‘cropland’, carbon fluxes are driven by crop type, rotations, tillage, 
green manures, soil ameliorants, soil carbon, and N2O emissions from fertiliser and managed soils. 

‘Forest land’ made up most of the carbon sink in WA with -10,255Gg CO2-e from both carbon stock 
changes in existing forests and increases in the area of plantations and regeneration of bushland (Figure 
19a&b), often on land managed by agricultural businesses. 

The ‘cropland remaining cropland’ and most of the ‘grassland remaining grassland’ categories are also 

significant sinks. These categories are mainly based on land managed for agriculture (excluding 

rangelands under crown control) and capture the impact of changes in soil carbon and carbon stored in 

plants managed by agricultural producers. 

Table 14 provides 2020 estimates of the carbon emissions and sequestration on land managed primarily 

for agriculture. The data indicates there was a net balance of emissions of 225Gg CO2-e in 2020, which 

means that nearly all (97.5%) emissions from agricultural activities in WA were balanced by carbon 

sequestration activities occurring on land managed primarily for agricultural enterprises. 
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In the absence of more comprehensive data from the NGHGI, several assumptions have been 

made regarding the proportion of emissions from agricultural land. We have assumed only 1% 

of the carbon sink from the ‘forests remaining forests’ category was on agricultural managed 

land – however this may be an underestimate as many land managers are actively 

rehabilitating forests/bushland on farms and 14% of remnant vegetation is known to occur on 

farmlands. 

We have also assumed that 95% of sequestration occurring from conversion of ‘land to forest’ 

took place on agricultural land as many WA producers are revegetating agricultural land or 

establishing plantations on agricultural land. The ‘grassland’ category is the most difficult to 

estimate as it is made up of a small proportion of high-rainfall pasture lands on the Swan 

coastal plain, the south coast and around the ‘southern forests’ regions with the remainder 

(mainly spinifex and sparse woody grasslands) in the rangelands (see Figure 19a). Until we 

have further information from the national inventory on the proportion of grasslands held by 

private/leasehold managers we have assumed 38% of WA grasslands are under their control. 

Offsetting the surplus agriculture sector emissions of 225Gg CO2e (Table 14) would require 

about 55,000ha of plantations in the wheatbelt at a nominal yield of 4t/ha/year or 22,500ha in 

the rangelands at a sequestration rate of 10t CO2e/ha/year (based on Harper et al 2003) with 

total destocking. 
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Emissions intensity of agriculture industries  

Greenhouse gas emissions are calculated for industry products using two main methods: 

1. Life cycle analysis (LCA)  
2. Farm business/enterprise carbon account 

Both methods provide insight into the GHG emissions associated with production of meat, 
wool, grains, fruit and vegetables up to the farm gate. LCAs provide additional insight into 
product-related emissions beyond the farm gate at any point along the supply chain. LCAs are 
used to highlight the source of emissions along supply chains. 

Industry LCAs  

LCAs are ‘cradle-to-grave’ analyses, which can be used to calculate the greenhouse gas 
emissions generated during the life of a product. The LCA can assess all stages of product 
development, including processing, distribution, manufacturing and end use (Muralikrishna & 
Manickam, 2017). LCAs for GHG emissions are usually reported in terms of the ‘emission 
intensity’ or ‘carbon footprint’ of product. 

LCAs can have any starting or end point along a product’s life cycle – depending on the 
question being pursued. Some examples of agricultural LCAs include: 

• All emissions associated with a product from pre-farmgate through to on-farm and the 
point of processing. 

• All emissions associated with a product to the point of the consumer checkout. 

• Comparison of emissions associated with a range of pre-farmgate inputs. 

Industry carbon accounts  

Agricultural producers can use carbon accounting to determine an annual net GHG emissions 
position (‘carbon account’) for their business. 
 
Agricultural carbon accounts are driven by Scope 1, 2 and 3 emissions (Figure 19). Examples 
of these include: 

• Scope 1: nitrous oxide emissions from fertiliser application and livestock manure and 
enteric methane produced when ruminants digest food. 

• Scope 2: carbon dioxide from fossil fuels used for electricity. 

• Scope 3: emissions from transport and inputs such as fertiliser, services and 
supplementary feed and downstream emissions from transport, processing, packaging. 

 

 
Figure 20. Scope 1: All emissions on-farm from agricultural activity. Scope 2: Emissions from the 
production of purchased electricity. Scope 3: All emissions associated with producing inputs such as 
fertilisers, herbicides, veterinary services etc. 

 
Several tools are available to develop official and unofficial carbon accounts. All use similar 
software and LCA inputs, however unofficial carbon accounts can be done using free online 
tools. Online tools hosted by the University of Melbourne 
(https://www.piccc.org.au/resources/Tools) are consistent with emissions factors used in the 
NGHGI and, as such, are most suited to Australian conditions.  

https://www.piccc.org.au/resources/Tools
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Industry emissions  

Snapshot 

Agricultural products and enterprises generate different emissions profiles driven largely by the 
intensity of the production system (Table 15). 

 

While it is difficult to get definitive measures of emission intensity for WA products (due to 
variable production environments and scales of production), publicly available LCAs and 
carbon accounts enable an estimate of likely emissions per product (Table 16). For further 
details regarding emissions estimates for specific products please see the following sections for 
each industry.  
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Extensive livestock 

Beef 

Harvest Road Group has recently calculated a baseline carbon footprint (see Further 

information section) and developed a strategy to reduce emissions and store carbon to meet 

their target of carbon neutrality along the company’s supply chain. 

Using LCA methodology, the average emission intensity associated with supply chain pre-
processing was 12.1kg CO2-e per kilogram of liveweight purchased by Harvey Beef. The 
average emission intensity for grass-finished beef was 13.3kg CO2-e per kilogram of liveweight, 
with a range of 11.8 to 20.7kg CO2-e per kilogram of liveweight depending on the source 
region, however the supply of finished cattle from northern regions was small and may not be 
representative of the region (see Figure 21). Average emission intensity for grain-finished beef 
was 10.7kg CO2-e per kilogram of liveweight and ranged from 10.0 to 16.4kg CO2-e per 
kilogram of liveweight depending on region (Figure 21). Average emission intensity for grain 
finished beef was 20% lower than for grass-finished cattle, principally because lifetime average 
daily gain and processing weights were higher than for grass finished cattle.  

The Harvey Beef supply emissions profile was dominated by enteric methane (average 81%) 
followed by nitrous oxide (average 10%) and carbon dioxide (average 9%). Emissions from 
grass-finished cattle dominated the emissions profile. On average, enteric methane from grass-
finished cattle and grain-finished cattle before feedlot entry contributed 78% of the emissions 
before processing, while enteric methane from grain-finishing of cattle contributed 3% of pre-
processing emissions. 

  

 

Figure 21. GHG emission intensity by liveweight (kg CO2-e per kg liveweight sold) for grass-finished and 
grain-finished beef across the WA ABARES breeder regions * Results for the Pilbara , Central Pastoral and 

Kimberley regions were not representative of a stable herd due to large numbers of other sales outside the Harvey Beef supply 
chain. These results should be interpreted with caution. 

Emission intensity of ready-for-wholesale boxed beef was 27.4kg CO2-e per kg boxed beef. 
More than 90% of emissions arose from third-party suppliers, with enteric methane from cattle 



 

Page 39 of 65 

being the largest emissions source. Additional emissions from farmgate to boxed beef account 
for the change in ‘retail ready’ liveweight incurred during slaughter and processing phase. 

Sheep 

DPIRD commissioned a LCA for the WA sheep industry for the financial years of 2004–2005 
and 2019–2020 (see Further Information section in this document). Emissions estimates were 
determined for a detailed flock inventory in each financial year, disaggregated by region (using 
ABARES regions). Within each region, flock profile was determined from sales records for meat 
processing, live export or sheep movements to the eastern states of Australia. Emissions 
impacts were allocated to liveweight (LW) and greasy wool (GW) based on the proportion of 
protein in each product (after Wiedemann, Ledgard, et al., 2015) (Figure 22). 

Emissions were predominantly enteric methane (78–85%) followed by nitrous oxide (8–9%) 
and carbon dioxide from energy use and purchased inputs (6–13%) (Figure 22).  

 

 

Figure 22. Total emissions (t CO2-e) attributed to liveweight (LW) and greasy wool (GW) production for 
the WA sheep industry for the 2005 and 2020 financial years.  

Emission intensity rose 10–12% over the two study years from 7.4kg CO2-e per kg LW in 2005 
to 8.2kg CO2-e per kg LW in 2020 (Figure 22). For greasy wool, the emission intensity 
increased from 24.3kg CO2-e per kg GW in 2005 to 27.2kg CO2-e per kg GW in 2020 (Figure 
22). The results were similar to previous farm analyses done in WA.  

Figure 23 shows the proportion of emissions allocated to enteric fermentation, manure and 
services (including inputs such as diesel use, electricity and herbicides) 
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Figure 23. Proportion of total 2020 emissions from the WA sheep industry attributable to enteric methane 
(CH4), manure emissions (N2O) and service-related emissions (CO2). 

Dairy 

Christie et al (2012) used LCA methodology to determine emissions from 41 dairy farms across 
Australia. Enteric methane represented the largest proportion of emissions at 57.8% of total 
emissions, followed by indirect (9.2%) and direct (7.4%) nitrous oxide emissions from animal 
waste and 5.5% for CO2 emissions from electricity use. Average emission intensity was 1.04 ± 
0.17kg CO2e per kg of fat- and protein-corrected milk (FPCM) while emission intensity per cow 
was 6.34 ± 0.77t CO2e per annum. The system boundary for the LCA included pre-farm 
emissions and all emissions associated with milk production up until transportation from the 
farm. In another study, Gollnow et al (2014) carried out a dairy LCA (cradle to farm gate) across 
139 Australian dairy farms. Emission intensity for milk production was 1.11kg CO2e per kg 
FPCM. 

FAO (2010) reported an average global emission intensity for milk production, processing and 
transport of 2.4 CO2e per kg FPCM [± 26%].  

According to Dairy Australia, the current (2020) recorded level of emission intensity across 
Australian dairy farms is 1kg CO2e per kg FPCM and the target for 2030 is to reduce this to 
0.72kg CO2e per kg FPCM. 

Intensive livestock 

Pork 

Australian piggeries generate emissions from a range of sources including manure 
management, feed production and energy use (fossil fuels) (Wiedemann and Watson, 2018). 
Open (uncovered) effluent treatment ponds in conventional piggeries can represent a large 
source of methane emissions and Wiedemann & Watson (2018) found the ponds contributed 
an average of 64% of total emissions in the conventional piggeries studied. Enteric methane 
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also contributes a very small amount to total GHG emissions. Manure management and grain 
production (for pig feed) generate nitrous oxide emissions with emissions highest in 
conventional/deep litter and outdoor/deep litter piggery operations – mainly from manure 
management processes (Wiedemann et al, 2016). Carbon dioxide from energy use (fossil 
fuels) is an important emission for all pig production systems (Wiedemann et al, 2016). 

Watson et al (2018) found emission intensities from the Australian pig industry have declined 
substantially over time. Excluding land use and direct land use change, Watson et al (2018) 
found emission intensity reduced from 10.6kg CO2-e per kg LW in 1980, to a projected 3.3kg 
CO2-e per kg LW in 2020.  

Wiedemann et al (2016) reported an average emission intensity of 3.6kg CO2-e per kg LW for 
the national pig herd. However, emission intensity differed significantly across production 
systems, ranging from 2.1 CO2-e per kg LW in a NSW conventional/deep litter operation 
through to 4.5kg CO2-e per kg LW in a small-to-medium conventional operation in Queensland 
(Wiedemann et al 2016).  

For wholesale Australian pork Wiedemann et al (2016) reported an emission intensity of 6.36 ± 
1.03kg CO2-e per kg, excluding land use and direct land use change factors. Emissions arose 
from two sources – methane associated with manure management and feed production, with 
smaller contributions from meat processing, farm energy/services, enteric methane and direct 
and indirect nitrous oxide associated with manure management. 

Pig housing definitions: 

Conventional piggeries: a conventional piggery has sheds with slatted floors where waste falls 
and accumulates into an underground drainage system that is regularly flushed to remove the 
waste from the shed (FSA, 2007). 

Deep litter piggeries: pigs are housed on litter consisting of straw, sawdust, rice hulls for the 
grower/finisher stage of production, and used litter is cleaned out after each batch of pigs 
(Wiedemann et al 2016). 

Poultry 

Chicken production 

The main GHG emissions arising from chicken meat production are carbon dioxide from fossil 
fuel use, nitrous oxide and methane from manure production. The presence of ammonia 
indirectly influences total emissions because its volatilisation generates nitrous oxide emissions 
(Wiedemann et al 2012).  

Chicken meat production systems (caged, free-range, organic) vary in emissions levels. 
Wiedemann et al (2012) found total emissions were similar for conventional and free-range 
systems, but that organic systems generated higher total emissions. Feed production 
generated a large proportion of total emissions in conventional and free-range systems 
(Wiedemann et al 2017; Wiedemann et al 2012).  

In the Wiedemann et al (2012) study, the largest emissions were carbon dioxide from fossil fuel 
use. For free-range systems, 63% of total emissions were CO2 while 28.9% were nitrous oxide. 
In organic systems, CO2 contributed 48.4% of total emissions and nitrous oxide 44.7% — from 
compost used in grain production. LCA analysis found the chicken grow-out phase contributed 
12–16% of total emissions largely from manure emissions and emissions arising from energy 
use for housing (Wiedemann et al 2017). 

In the Wiedemann et al (2017) LCA study, the system boundary for the production chain 
included breeding, grow-out and meat processing, with related inputs. The end point in the 
production chain was the cold storage unit where chilled chicken meat was stored before 
distribution. The study considered different production systems across Queensland and South 
Australia. For the conventional systems, emissions were 2.2 (QLD) and 1.8 (SA) kg CO2-e per 
kg carcass weight (CW). Wiedemann et al (2017) attributed the lower South Australian 
emissions to a lower demand for fossil fuel energy and diets with lower impacts in terms of 
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GHG, energy and water. In a previous study Wiedemann et al (2012) attributed South 
Australia’s lower total emissions to ‘lower emissions at every stage in the supply chain’ – 
particularly in terms of feed inputs and meat processing.  

Wiedemann et al (2017) recorded total emissions associated with free-range production of 
1.8kg CO2-e/kg CW. In the Wiedemann et al (2017) study multiple free-range farms were 
combined for confidentiality reasons, with one company supply chain assessed in each state. 
Wiedemann et al. (2012) found that total GHG emissions for free range systems were 2.19 ± 
0.14 kg CO2-e/kg CW and for organic systems 2.86 ± 0.48 kg CO2-e/kg CW. The higher 
emissions from organic production systems were due to higher GHG emissions from organic 
grain production and the higher feed conversion ratio of the organic system compared to the 
free-range systems examined. The emissions from organic grain production largely stemmed 
from the use of compost for crop nutrition (nitrous oxide emissions), along with emissions 
related to fuel usage (Wiedemann et al 2012).  

Egg production 

Limited research has been done on egg industry emissions with most studies done in Europe 
(5 LCAs) and one LCA from Canada (Wiedemann & McGahan, 2011). WA accounts for about 
8% of the national poultry flock (Australian Eggs Ltd., 2020), with no LCA research carried out 
to date.  

Wiedemann & McGahan (2011) identified carbon dioxide, nitrous oxide and methane as the 
main emissions of egg production, with each emission attributed to a different stage of the 
production process. Feed production generated the highest proportion of total emissions with 
carbon dioxide from fuel use and fertiliser manufacture and nitrous oxide from crop production. 
Other emissions included layer and pullet manure (21%), farm electricity (19%) and other 
processes (5%). Methane made up only a small proportion of total emissions. 

Caged systems 

Carbon dioxide represented 55% of total emissions in caged (environmentally controlled) 
Australian egg production systems, followed by nitrous oxide (37%) and methane (8%) 
(Wiedemann & McGahan, 2011).  

Free range systems 

In free-range Australian egg production systems, carbon dioxide made up 53% of emissions, 
followed by nitrous oxide (39%) and methane (7%) – a similar emissions profile to caged 
systems although the free-range system had slightly higher nitrous oxide emissions 
(Wiedemann & McGahan, 2011).  

Total emissions from egg production in caged (environmentally controlled) housing was 1.3 ± 
0.2kg CO2-e per kg eggs and for free-range systems 1.6 ± 0.3kg CO2-e per kg eggs, which was 
lower than emissions reported for international LCAs (Wiedemann & McGahan, 2011). Caged 
housing systems were more energy efficient than free range systems – due to the higher feed 
conversion ratio of free-range operations resulting in higher upstream energy use. Higher grain 
use in free-range systems was also thought to contribute to the higher total emissions 
(Wiedemann & McGahan, 2011).   

Notes: 

Feed conversion ratio: the amount of feed required to produce 1kg of product (Halloran et al., 
2016) 

Conventional: modern tunnel-ventilated grow-out sheds (Wiedemann et al., 2012) 

Free range: chickens housed in ventilated tunnel sheds with access to an outdoor area from 21 
days old (Wiedemann et al 2012). 

Organic: free-range birds with access to outdoor area from 10 days. Feed is organic grain 
produced without fertiliser or chemicals (Wiedemann et al 2012). 
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Grains 

Wheat was the main crop grown in WA in 2020 (48% of production) followed by barley at 30% 
of total production (Figure 24). Grain yield of all broadacre crops varies considerably between 
years due to seasonal conditions and this, along with varying inputs, has a significant impact on 
year-to-year emission intensity. 

 

 

Figure 24. Production (tonnes) of wheat, oats, barley, canola and lupins in WA in 2020 

Several LCA studies for the Australian grains industry have been done — covering all 
Australian grain growing regions.  

Sevenster et al (2022) calculated emissions associated with WA grain production of 350kg 
CO2-e per tonne, which was significantly lower than the WA grains emissions reported by DPI 
NSW, which included Scope 1, 2 & 3 emissions to the farm gate The baseline analysis (2005) 
indicated that about 61% of emissions arose on-farm with the remainder in embedded 
emissions from cropping inputs. Over the study period, (2005 to 2011) WA generated the 
largest increase in emission intensity of all regions due mainly to an increase in production of 
canola (from 6–8% of total cropping area) at the expense of legumes. 

Wheat 

NSW DPI reported an emission intensity for WA wheat production (across three agro-ecological 
zones) of 390kg CO2-e per tonne of wheat grain (Figure 25). 
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Figure 25. Kilograms CO2e emitted per tonne of wheat across 14 Australian agroecological zones 
(Source: NSW DPI) 

Simmonds (2019) estimated average emissions for wheat across three WA growing regions to 
be 492kg per tonne CO2-e (Table 17).  
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Canola 

Eady (2017) estimated that emissions associated with Australian canola production were 0.468t 
CO2-e per tonne of canola seed harvested or 0.497 tonne CO2-e per tonne of canola seed on a 
dry matter basis (Table 18).  
 
Fertiliser manufacture contributed the most emissions to canola production, followed by nitrous 
oxide from crop residues and carbon dioxide from fuel use. Direct and indirect nitrous oxide 
emissions from soil also made a significant contribution (Table 19).  
 

 

 

Simmonds (2019) found WA’s northern agricultural region generated the highest canola-related 
emissions of any region in Australia at 851kg CO2-e/t canola (Table 20).  

 

Simmonds (2019) concluded that differences in GHG emissions of cereal and canola 
production between zones were driven by the efficiency of fertiliser-N use (i.e., yield 
achieved for unit of N applied), with zones that had relatively low global-warming 
emissions having a greater efficiency of fertiliser use. 

Lupins and pulses 

Barton et al (2014) examined the emissions associated with including lupin in the cropping 
rotation to reduce synthetic N fertiliser application in the following wheat crop. As only a 
proportion of the N from the lupin is used by the subsequent wheat crop, only a proportion of 
the emissions from the lupin crop were allocated to the following wheat crop (Figure 26).  
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Figure 26. Life cycle assessment of GHG emissions produced per tonne of wheat in rotation with lupin or 
another wheat crop and with and without lime (with lime dissolving within a year). 

When lime was not applied, including lupin in the cropping rotation decreased total emissions 
from 227 to 148kg CO2-e per tonne of wheat due to the saving on nitrogen fertiliser.  

Brock (2016) found similar results from including field peas in rotation with wheat. Wheat 
following wheat (3t/ha yield) generated total emissions of 225kg CO2-e per tonne of wheat. 
Wheat following canola generated 199kg CO2-e per tonne and wheat following field peas 172kg 
CO2-e per tonne.   

Barley 

Sevenster et al (2022) found average emissions for barley production across Australia were 
261kg CO2/tonne. 

Eady (2017) reported a range of emissions for barley grown in eastern Australia from 169 to 
285kg CO2e per tonne but no values were reported for WA (Table 21). 

 

On-farm grain carbon accounts  

Taylor et al (2022) examined emissions from 36 WA grain producers across two seasons in 
2020 and 2021 (Table 22). Emission intensity fluctuated between years, depending on 
seasonal rainfall, temperature, crop rotation, yield, crop residues, disease, management of 
nitrogen and fertiliser, lime, chemical and fuel use. 
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The study also highlighted the large variation between farms in emission intensity for each of 
the crops (Figure 27) with more than 100% variation from highest to lowest emissions (Table 
22). 

 

 

Figure 27. On-farm (Scope 1) emission intensity (tCO2e/t) of barley crops across 38 WA farms in 2020. 
Each data point relates to an individual farm’s emission intensity calculated using the Grains GAF 
(GGAF) tool. The orange bar is the average, light blue bar represent self-identified regenerative  farmers. 

On-farm emissions (Scope 1) were, on average, 68% of the total cropping enterprise 
emissions, a finding similar to other studies. At just 0.5%, electricity was a minor contributor to 
overall emissions and was reflective of the low electricity use across most WA broadacre 
production.  

About 27% of on-farm emissions were carbon dioxide from lime, urea and fuel. The remaining 
72.5% of emissions were nitrous oxide, primarily from crop residue breakdown and fertiliser 
application. 

Horticulture 

The WA horticulture industry includes a range of enterprises from annual row crops and 
vegetables through to protected cropping and mature fruit orchards. Emissions per tonne of 
produce varies greatly depending on crop, however total emissions are generally proportional 
to the area of cultivated land, across all crops (Table 23).  
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Vegetables 

Maraseni et al (2010) found energy use for irrigation was the largest contributor to greenhouse 
gas emissions across the Australian vegetable industry (Figure 28).  
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Figure 28. Relative contribution of greenhouse gas emissions from farm inputs and production activities 
in the Australian vegetable industry (Maraseni et al 2010). 

Lettuce 

Gunady et al (2012) developed a LCA of emissions for romaine/cos lettuce production in the 
Perth region and found each kilogram of lettuce produced 3.75g CO2e (5.18g CO2e/kJ) with on-
farm emissions accounting for 48% of total emissions. Agricultural machinery operation, 
especially for soil cultivation, was the main contributor to total emissions at 52% (1.96g 
CO2e/kg). This was followed by electricity and energy usage for packing and storage (22%) and 
N-fertiliser application (14%). Annual production of lettuce in WA in 2020–2021 was estimated 
at 13,679 tonnes (HIA, 2022), and this is estimated to result in total annual emissions of 51.3 
tonnes CO2e.  

Maraseni et al (2012) evaluated the trade-off between water use and emissions production 
between an overhead sprinkler (hand shift) irrigation system and a drip (trickle) irrigation 
system for an 80-hectare lettuce farm in the Lockyer Valley, south-eastern Queensland. 
Switching to drip irrigation system resulted in an 18% yield increase, an estimated reduction in 
water use of more than 50% (3.75 down to 1.79ML/ha) and a 7% reduction in emissions. The 
study followed that of Maraseni et al (2007), which estimated that production emissions 
associated with farm machinery and accessories were 14.4% of the emissions associated with 
fossil fuel use. 

Onions and carrots 

Litskas et al (2020) calculated a baseline emissions total of 0.22kg CO2-e/kg product for carrot 
and 0.18kg CO2-e/kg product for onion. 

Potatoes 

Norton et al (2000) found the main sources of emissions in potato production were fertiliser 
(24.9–55.9% of total emissions), diesel use (25.9–39.5%), agri-chemical use (3.5–8.9%) and 
electricity use (0–19.1%). Pumping of irrigation water was one of the main activities demanding 
electricity.   

Brassicas, roots, leaves and stems 
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Clune et al (2017) carried out a systematic review of emissions from fresh vegetable 
production, including brassicas (0.23kg CO2-e/kg produce), root crops such as carrots (0.18kg 
CO2-e/kg produce), leafy vegetable crops (0.37kg CO2-e/kg produce) such as lettuce and stem 
crops such as asparagus (0.83kg CO2-e/kg produce).  

Fruit 

In the same study, Clune et al (2017) estimated a median emissions value of 0.42kg CO2-e/kg 
product for field-grown fruit in developed countries, including the United States, Australia and 
European countries. Carbon emissions values were also provided for peach, cherry, lemon, 
and melons as 0.54, 0.48, 0.30, and 0.88kg CO2-e/kg product, respectively. Carbon emissions 
arising from banana production were estimated at 0.2kg CO2-e/kg produce and for pineapple 
production at 0.09kg CO2-e/kg produce (Hadjian et al 2019). 

Strawberries  

Gunady et al (2012) carried out a LCA of Perth strawberry production and found 2.5g CO2e 
was emitted for each kJ (0.75kg) of strawberry produced. On-farm activities accounted for 54% 
of total emissions produced. Intensive use of agricultural machinery was the main source of 
emissions (58%) followed by chemical fertiliser use (23%) and electricity (13%). WA’s annual 
production of strawberry in 2020–2021 was estimated at 8,164 tonnes (HIA, 2021), which 
would have resulted in total annual emissions of 27.35t CO2e. 

Oranges 

Green (2011) developed a LCA for navel orange production in the Riverland district in Victoria. 
Five production systems were considered with orchards ranging from 3 to 530 hectares. 
Emissions up to the farmgate ranged from 0.17 to 0.28kg CO2e/kg navels, with a weighted 
mean of 0.22kg CO2e/kg navels. Emissions were calculated based on the proportion of 
oranges produced in the Riverland district and included the contribution of small (85% of all 
growers) and large producers. The proportion of total emissions from nitrous oxide (N-fertiliser 
application) was 24%, diesel use and manufacture was 15% and irrigation water supply was 
22%. 

The average emissions for orange production in Green (2011) is possibly applicable to the WA 
citrus industry given that small growers (<10ha) represent the majority of orchards and the five 
large orchards are between 160–200 hectares (WA Citrus, 2022). In the 2020–2021 season, a 
total of 13,264 tonnes of oranges were produced in WA (HIA, 2021), which would have resulted 
in total emissions of 2,918 tonnes CO2e. 

Avocados 

Emissions of 0.41t CO2e/t avocado production have been reported for Australia and New 
Zealand with 0.11t from fertiliser and 0.10t from urea and lime application (Climate Hub). In the 
same study, about 0.6t CO2e was reported for nitrous oxide soil emissions. 

Frankowska et al (2019) estimated emissions of 2.4kg CO2e/kg of fruit produced, with 45% 
emitted during production and just over 5% during processing and packaging. On-farm 
production contributed the most emissions, with irrigation the main energy user. Avocado 
generated the highest water footprint (82 L eq./kg) compared to 20 other fruit, due to the high-
water requirements of avocado compared to other fruit crops.  

Hadjian et al (2019) estimated emissions of avocados produced in Mexico and exported to 
Germany at 0.7kg CO2e per kg of avocado in the production phase and an additional 0.15kg 
CO2e emitted due to packaging.  

Horticulture Australia Limited found avocado-related emissions varied widely across four case 
study farms in Queensland from 0.9–4.3tCO2e. An average avocado yield of 7t/ha is widely 
reported in Australia, which would generate 0.13 to 0.61t CO2e/t avocado. 

DPIRD is carrying out an avocado LCA in 2022 to provide more accurate emissions estimates. 
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Apples 

Iriarte et al (2013) carried out a cradle-to-gate LCA study to generate a carbon footprint apple 
orchard production in Chile. The study considered fertilisers, pesticides, electricity 
consumption, apple production waste and diesel consumption. An emissions value of 0.045kg 
CO2e/kg apple was estimated, with mineral fertilisers contributing the most to total emissions 
(49%).  

Page (2011) assessed the carbon footprint of semi-intensive (800 trees/ha) and intensive (1250 
trees/ha) apple growing systems in New Zealand. Both systems were found to be net sinks, 
with carbon sequestration higher than emissions. Total carbon emissions were estimated at 
18.9 and 21.3kg CO2e/ha/year, with 20% of this coming from energy use and the remaining 
80% nitrous oxide emissions from orchard soil (organic matter) and carbon dioxide emissions 
from pruning and roots. 

Grapes  

Wine grapes 

Abbott et al (2016) performed a ‘cradle to grave’ LCA for grape production (including package 
disposal) using regional production averages from 25% of the Australian vineyard area and 
43% of the wine production area. A total of 1.16kg CO2e was emitted for each litre of wine 
produced, of which grape growing contributed 15% (0.17kg CO2e/L) and winemaking 17% 
(0.2kg CO2e/L) of total emissions.  

Diesel use (0.07 CO2e/L), general electricity use (0.04 CO2e/L) and irrigation electricity use 
(0.03 CO2e/L) were the main contributors to emissions, while fertilisers and agri-chemicals 
accounted for about 0.01kg CO2e/L each (Figure 29a). Electricity use, mostly for refrigeration, 
accounted for 82% of winemaking emissions.  

The Australian Wine Research Institute (AWRI) found diesel usage and electricity were the 
main sources of carbon emission in viticulture production (Figure 29b). 

In 2021, 40,074 tonnes of grapes were crushed in WA for wine production (Wine Australia, 
2021), equivalent to 28ML of wine (AWRI, 2021). This represents an annual emission of 4881 
tonnes CO2e (grape production) and 5531 tonnes CO2e (wine production).  

 

 

Figure 29 (a) Breakdown of GHG emissions for the WA grape and wine industries and (b) proportion of 
GHG emissions (CO2-e) associated with viticulture (Abbott et al 2016; AWRI, 2014). 

Table grapes  

No specific national data on emissions are available for table grapes. An estimate of emissions 
was extrapolated from wine grape growing to table grapes based on an extraction rate of 700 
litres per tonne of grapes and 15% (0.174kg CO2e/L) of emissions per litre of wine produced 
due to grape growing alone. The 2020–2021 table grape production in WA was 4,980 tonnes, 
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which is equivalent to 3.5ML of wine production. When multiplied by 0.174kg CO2e/L this 
provides an approximate 2020–2021 annual emission of 606.6 tonnes CO2e or 0.12kg CO2e/kg 
grapes.  

Litskas et al (2020) calculated a value of 0.85kg CO2e/kg of Thompson seedless grapes.  

Olives  

No published LCA data was found for olive or olive oil production in Australia, with two LCA 
studies considering only environmental impacts of olive husk waste management (El 
Hanandeh, 2013 & 2015).  

Espadas-Aldana et al (2019) found olive production up to olive harvest contributed the greatest 
emissions during the lifecycle of olive oil production (fertilisation, irrigation and phytosanitary 
treatment) with a total emission estimate of 460kg CO2e/tonne of olive, and results varying from 
95 to 510kg CO2-e/t of olive.  

Mohamad et al (2016) carried out a LCA of organic and conventional olives up to harvest in 
Italy and estimated total emissions of 1,070.4kg CO2e/ha/year (144.6 kg CO2e/tonne) for 
organic olives and 756.3kg CO2e/ha/year (85.9kg CO2e/tonne) for conventional olives. Fertiliser 
was the greatest contributor to total emissions for both organic (80%) and conventional (45%) 
systems. The use of manure for N-fertiliser in organic systems resulted in higher emissions 
than the foliar synthetic fertilisers in conventional systems, but soil carbon levels were higher 
for the organic system over a 15-year period compared to the conventional system (2 vs 0.73 
tonnes C/ha/year). Irrigation, which combined the use of electricity for well water extraction and 
drip irrigation operation, accounted for 19% of organic and 11% of conventional emissions.  

WA olive production in 2020–2021 was 13,650 tonnes (HIA, 2021) with 99% destined for oil 
extraction from a total of 4762 hectares (DPIRD). Average yield was nearly 2.9 tonnes/ha, 
below the national average of 6.1 tonnes/ha. In a conventional growing system, emissions of 
460kg CO2-e/t of olives (Espadas-Aldana et al., 2019) would generate total emissions of 6,279t 
CO2e/year for WA olive production in 2020–2021.  

Protected cropping  

Vegetables produced in heated greenhouses have a higher carbon footprint (2.13kg CO2e/kg 
product) than unheated greenhouses (1.10kg CO2e/kg product) and field grown vegetables 
(0.37kg CO2e/kg product) (Clune et al 2017). Heated greenhouse tomatoes generated 
emissions four times higher (2.20kg CO2e/kg product) than tomatoes grown in unheated 
greenhouses (0.51kg CO2e/kg product) or field grown (0.45kg CO2e/kg product). Emissions 
from field and greenhouse grown cucumbers were 2.10 and 2.20kg CO2e/kg product, 
respectively. Emissions for zucchini production in unheated greenhouses were 1.77kg CO2e/kg 
product.  

Maureira et al (2022) simulated tomato production in Washington, USA and found emissions 
from a high-tech heated greenhouse were 0.9kg CO2e/kg of produce, which was 18 times 
higher than emissions from open field systems (0.05kg CO2e/kg produce).  

Most protected cropping facilities in WA are net houses or tunnels, which are considered 
unheated greenhouses. Tomatoes, cucumbers, capsicums and eggplants are the main crops 
grown indoors. Most tomatoes in WA are field grown with a few, smaller glasshouses near 
Perth. This differs from the east coast of Australia where about 40% of all tomato production is 
in greenhouses. There are about 100 hectares of polyhouses at Geraldton which produce 
about 7600 tonnes per annum of greenhouse cucumbers. Small areas of capsicum and 
eggplant are also grown under protected cropping in WA.  

Floriculture 

Emissions per flower stem depends on variety and growth environment. Reported UK 
emissions per stem range from 0.819kg CO2e for British lily to 0.114kg CO2e per stem for 
British snapdragon (or any outdoor, locally grown flower) and 0.052kg CO2e per stem of British 
Alstromeria (Coulton, 2019). 
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Abeliotis et al (2016) carried out a LCA of carnation production in multi-tunnel unheated 
greenhouses in Greece and calculated emissions of 0.316kg CO2e/10 stems of carnations. 
About 3.5% of emissions were due to greenhouse structure, 14% to irrigation, 1.9% to fertiliser, 
0.15% to plant protection and the majority (65.6%) due to up to the 1-month refrigeration post-
harvest. 

Nurseries 

Lazzerini et al (2016) carried out an emissions study on the ornamental nursery industry in 
Tuscany, Italy, for different sized plants in small, medium and large pots and field systems. Pot 
emissions ranged from 7.444–26.489kg of CO2e/m2/year and were significantly higher than 
those from in-field production (0.607–1.013kg of CO2e/m2/year); due mainly to growing medium 
substrate and plastic pots.  
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Fisheries and aquaculture 

NGHGI emissions from the fishing and aquaculture sectors are calculated by proxy 
mechanisms, with emissions allocated to percentages of total fuels, consumed directly or 
indirectly. In 2019, aquaculture was estimated to generate 0.4% of Australia’s agricultural 
emissions with a similar proportion for fishing, hunting and trapping (not separated). No details 
are provided at a state level. 

WA has a small but important fishery and aquaculture sector but does not have the large 
salmon and tuna industries of the eastern states, which are estimated to be the dominant 
contributors to the sector’s NGHGI reports. 

The Fisheries Research and Development Corporation (FRDC) conducted a review of 
emissions from the sector and commissioned a LCA in 2022 (www.frdc.com.au). 

The LCA study estimated the total emissions for Australia’s fishing and aquaculture sector to be 
about 1.5 million tonnes CO2-e. This has further been extrapolated to estimate that each 
kilogram of Australian seafood produced generates 6.5kg CO2-e. This includes everything from 
fuel burnt directly to power fishing vessels, to purchased electricity, refrigeration emissions and 
the emissions from services and products bought from external suppliers such as bait and 
aquaculture feed. 

Aquaculture constitutes 59% of the Australian seafood sector’s total emissions and fishing 
contributes 41%. GHG emissions from aquaculture averaged 9.7kg CO2-e per kilogram of 
seafood produced compared to 4.4 kilograms CO2-e per kilogram from wild-caught seafood.  

Harvest Road Oceans (WA) conducted an LCA on their Oyster operations branded Leeuwin 
Coast.  The carbon footprint of Leeuwin Coast’s aquaculture operations were calculated 
including marine fuel use, processing of the packaging materials and freight of the product to 
customers (Leeuwin Coast 2021). Fuel use was 20-30% of the total emissions depending on 
product and electricity made up about 10% of the total emissions. 

The emissions profile of their oysters per 1 dozen delivered to the customer are; 

• Akoya 0. 526kg CO2-e  

• Rock oysters 0. 645kg CO2-e  
 

Leeuwin Coast is Australia’s first ever certified carbon neutral shellfish suppliers. 

For big fishing fleets, most emissions come from diesel fuel consumption. There is a small 
amount associated with freezing and transport of the product. In land-based aquaculture most 
direct emissions come from the use of electricity. Emissions embodied in the capture, transport 
and processing of feed for pond-farmed prawns and fish and coastal cage-grown fish are also 
major contributors (FRDC 2022). 

Austral Fisheries, based in WA, conducts baseline accounts of their operation in line with their 
commitment to carbon neutrality. It is the first carbon neutral fishing company in Australia. To 
achieve this, the company invested in reducing emissions in its processing facilities, new 
energy efficient ships and vegetation offsets for the remaining hard-to-abate diesel emissions 
from its off-shore fishing operations. 
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Figure 30. GHG emissions (CO2e/tonne) generated by Austral Fisheries between 2014 and 2021. 

Austral Fisheries’ carbon account estimates an emission intensity per functional unit of Austral-
caught seafood of 11.21t CO2-e/t seafood landed. Table 24 shows the breakdown of Scope 1, 
2 and 3 emissions for the company in 2020–2021. Sixty four per cent of total emissions were 
from transport. 
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Export supply chain emissions 

WA is a major export state with at least 70% of agricultural produce exported. When the full 
supply chain is considered up to retail, agricultural export supply chains contribute significant 
emissions.  

In 2021, WA exported 18.2 million tonnes of food and beverage with: 

• 18,129,185 tonnes exported by sea  

• 22,830 tonnes exported by air 

Decisions around mode of transport are an important consideration for companies in the fresh 
food sector in terms of cost, shelf life and access to markets (Burnage, pers comm 2022). 
 

 
According to calculations by Lufthansa, the average modern ocean vessel usually emits 
between 10 and 40 grams of CO2 to move one tonne of freight one kilometre. For rail haul, the 
emissions are 30 to 100 grams per tonne-kilometre, and 60 to 150 grams for today’s trucks. 
Airfreight, however, is in its own category: 500 grams and more per tonne-kilometre  
 
In 2021, DPIRD mapped 98% of WA agri-food exports by calendar year in terms of: 

• tonnage 

• market 

• distance to market 

• mode of transport 
 
A preliminary and indicative value for total CO2 emitted to get products to market was in the 
order of 5,127, 815 tonnes CO2-e. 
 
The University of Wollongong estimates 526 million tonnes of CO2 is emitted by Australian food 
production, of which 102 million tonnes is contributed by the transport sector. 
 
De-carbonising global aviation is a long-term challenge, and the fresh food industry will 
continue to work with the broader aviation industry to reduce its emissions from air transport. 
 
Challenges for the aviation industry include: 

• The considerable contribution of aviation activities to CO2 emissions 
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• While technical solutions are available, commercial uptake is lagging 

• The International Air Transport Association (IATA) estimate that globally we currently 
only have 50 million litres of sustainable airline fuel available per year. This equates to 
about 150 return flights from Perth to London per year 

• De-carbonising the airline industry could involve cost escalations across all industries 
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Methods and scope 

National GHG Inventory approach 

The National GHG Inventory (NGHGI) (ageis.climatechange.gov.au) currently counts 

Agricultural sector emissions in the following categories: 

• Enteric fermentation (ruminant methane production) 

• Manure management (both paddock and intensive manure management – CH4 and 

N2O) 

• Agricultural soils (application of N fertilisers, crop residues, mineralisation due to 

loss of soil carbon, atmospheric N deposition, leaching and run-off) 

• Field burning of stubbles 

• Liming (releases bicarbonates leading to CO2 release) 

• Urea application (loss of CO2 during application that was fixed during manufacture)  

• Rice cultivation 

For a full explanation of the methods used to calculate the emissions from the NIR please see 

www.industry.gov.au/data-and-publications/national-inventory-reports. 

The global warming potential (GWP) of each gas used in the latest NGHGI is based on the AR5 

(IPCC.ch): 

• 1 tonne of CO2 = 1 tonne of CO2e 

• 1 tonne of CH4 = 28 tonnes ofCO2e 

• 1 tonne of N20 = 265 tonnes of CO2e 

Industry emissions calculations 

To assess the emissions from each industry’s agricultural practices, a retro fitting of the 

national inventory data into the PICCC calculators (PICCC.org.au) was used. This gives a 

broad understanding of the emissions for each industry which match reported agricultural 

emissions in the NGHGI.  

For a more detailed analysis of some key industries which includes emissions to the export 

from the farmgate, DPIRD commissioned some specific life cycle analyses (LCA). The purpose 

of a LCA is to show all emissions from the production of food and fibre including Scope 1, 2 and 

3 emissions and allow an emissions intensity of the product to be calculated. 

Detailed methodology is included in the referenced documents for each LCA. 

Further information 

Further information on the SERS process can be found at 
www.wa.gov.au/service/environment/environment-information-services/sectoral-emissions-
reduction-strategies  

Harvest Road Group LCA study: https://www.mla.com.au/research-and-
development/reports/2022/harvest-road-group-carbon-neutral-supply-chains-2025/ 

DPIRD WA sheep industry LCA: https://www.agric.wa.gov.au/resource-assessment/carbon-life-
cycle-analysis-western-australian-sheep-industry. 

http://www.industry.gov.au/data-and-publications/national-inventory-reports
http://www.wa.gov.au/service/environment/environment-information-services/sectoral-emissions-reduction-strategies
http://www.wa.gov.au/service/environment/environment-information-services/sectoral-emissions-reduction-strategies
https://www.mla.com.au/research-and-development/reports/2022/harvest-road-group-carbon-neutral-supply-chains-2025/
https://www.mla.com.au/research-and-development/reports/2022/harvest-road-group-carbon-neutral-supply-chains-2025/
https://www.agric.wa.gov.au/resource-assessment/carbon-life-cycle-analysis-western-australian-sheep-industry
https://www.agric.wa.gov.au/resource-assessment/carbon-life-cycle-analysis-western-australian-sheep-industry
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Appendix 1 Sectoral Emissions Reduction Strategies 
background 

 

• SERS will evaluate mitigation options for different sectors, and analyse the 
costs and benefits, including implications for economic growth and 
diversification, employment, regional development and Aboriginal 
engagement.  

• The SERS will support emissions reduction across the whole of the Western 
Australian economy. 

Key pillars of decarbonisation  

• Achieving net zero emissions will require policies to support outcomes across 
all the key pillars of emissions mitigation, from avoidance and reduction of 
greenhouse gas emissions to emissions offsets (known as ‘carbon offsets’). 

• A framework to develop the sectoral emissions reduction strategies will need 
to consider several complex factors including: 
o the significant capital required for Western Australia’s net zero transition, 

including enabling infrastructure and key technologies 
o the share of emissions from off‑grid sources and issues related to shared 

infrastructure 
o the challenges associated with increased penetration of distributed 

energy resources and new approaches to maintaining system stability  
o the exposure of key sectors and industries to tariffs or trade barriers  
o the role of government in stimulus for new industries and economic 

diversification 
o the importance of a skilled and agile workforce to drive the transition. 

• Working with industry to develop the sectoral emissions reduction strategies 
will identify: 
o examples of how to achieve net zero emissions including showcasing 

private sector leadership 
o barriers to emissions reduction and possible solutions including research 

and development, incentives and information  
o models for collaboration and opportunities to leverage private sector 

investment. 

From Shaping Western Australia’s Low Carbon Future  
https://www.wa.gov.au/service/environment/environment-information-services/sectoral-emissions-
reduction-strategies 

 

Working with industry in the development of the Sectoral Emissions Reduction 

Strategies will identify: 

1. examples of how to achieve net zero emissions including showcasing private 

sector leadership;  

2. barriers to emissions reduction and possible solutions including R&D, incentives 

and information; and 

3. models for collaboration and opportunities to leverage private sector investment. 
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The Government has an important role in identifying and addressing regulatory barriers 

and delivering the policy stability and continuity necessary for business to transition to 

low emissions technologies and infrastructure. 

The Government also has a part to play in: 

1. supporting breakthrough technologies from demonstration through to 

commercialisation, and in driving adoption of existing low carbon technologies 

through incentives and standards; and  

2. stimulating markets for low carbon or energy efficient products. 
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