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Foreword 
Over the last decade there has been a significant focus on the environmental impact of products and 
services across the economy, resulting in environmental product declarations and delivery agreements 
where the supplier is required to demonstrate an on-going improvement program of environmental 
sustainability. Once action is required, primary producers need to be able to make an objective 
assessment of their environmental impact (by Life Cycle Assessment, LCA) so that “hot spots” in their 
production system can be identified, and options to reduce these impacts can be investigated.  

Country specific Life Cycle Inventory (LCI) for agricultural products is essential for Australian 
agriculture to undertake environmental impact studies related to food and fibre, especially where 
differences in management systems and regional climate, soils and vegetation significantly affect LCA 
results.  

The goal of inventory collection for AusAgLCI was to provide underlying data to ensure Australian 
primary producers can readily, and objectively, demonstrate that their products are being produced in a 
responsible manner, in a system where environmental assessment is used to aid and drive 
improvements. This will assist producers to meet marketing requirements and to benchmark their 
production in global markets. 

To this end, the AusAgLCI project has delivered a scientifically robust, standardised and transparent 
system for developing life cycle inventory specific to Australian agricultural production with key 
inventory being prepared for cotton, grains, horticulture, livestock feeds and sugar. Publication of 
AusAgLCI gives LCA practitioners access to country specific inventory that they can use to assess 
supply chains that contain Australian agricultural inputs. 

The AusAgLCI database and guidelines are available for download at 
http://alcas.asn.au/AusLCI/index.php/Datasets/Agriculture 

This report is an addition to RIRDC’s diverse range of over 2000 research publications and it forms 
part of our Global Challenges R&D program, which aims to improve agricultural productivity. 

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at 
www.rirdc.gov.au. Purchases can also be made by phoning 1300 634 313. 

 

Craig Burns 
Managing Director 
Rural Industries Research and Development Corporation 
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Executive Summary 
This methodology report aims to provide more detailed explanation of the approach taken within the 
AusAgLCI life cycle inventory project. It also provides future developers of agricultural LCI with 
guidance on the recommended practice to develop similar inventory data which will be consistent with 
the AusAgLCI data. The document does not provide a detailed explanation of all inventory data 
developed in AusAgLCI. Specific detail on the inventory calculations is provided within the inventory 
itself.  

While the AusAgLCI project is focusing on LCI, it is done with a view to enable the broadest possible 
use of the data in LCA studies. In this project we have nominated the main indicators for agricultural 
studies and attention has been put into supplying the inventory data required to inform these indicators. 
The nominated indicators are:  

• Global warming 
• Depletion of water resources 
• Land use 
• Eutrophication 
• Ecotoxicity 

AusAgLCI data are a subset of the AusLCI database and therefore share the same basic structure. 
Some considerations for structuring the inventory have been: 

• Transparency of the modelled data- All assumptions and calculations should be apparent from 
within the datasets. 

• Updateability - changes to the datasets over time should be as easy as possible through 
updating of key production parameters automatically propagating to update the entire 
inventory. 

• Configurability – to allow users to use the datasets as a starting point which can be easily 
modified to the user’s local circumstances. 

• Simplicity – avoiding unnecessary disaggregation of the inventory. The whole farm growth 
stage is normally contained in one process. For perennials such as orchards, the establishment 
phase and mature operation phase are modelled separately. 

• Modularity – tractors, irrigation, fertilisers and so on have been made as standalone modules 
for use within the inventory. 

The AusAgLCI project is premised on the collection and publishing of publicly available data. The 
vast majority of this data has been sourced from Gross Margin documents provided by the agricultural 
departments in each state. Gross Margin documents provide farmers with a mass balance for the 
production of a crop and an economic balance which estimates the likely returns to the farmer. For 
many of the older Gross Margin documents, updates were required as practices have changed. This 
was particularly the case with pesticides, which are continually evolving.  

A total of 176 life cycle inventories were developed by the project. Of this, 56  are agriculture products 
and the remaining inventory are input processes used by those inventories.  

The data presented in AusAgLCI is provided by data suppliers with no warranties as to its accuracy or 
correctness. Like all LCI data, the AusAgLCI data should be used with caution, and it is the 
responsibility of the user to determine if the data is appropriate and adequate for their situation. Data 
contained in AusAgLCI covers individual unit processes, or cradle-to-gate processes where indicated, 
but not full life cycle data. 
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Introduction to the AusAgLCI Database v1 

The purpose of the AusAgLCI database 

Country specific Life Cycle Inventory (LCI) for agricultural products is essential for Australian agriculture 
to undertake environmental impact studies related to food and fibre, especially where differences in 
management systems and regional climate, soils and vegetation significantly affect LCA results. AusAgLCI 
delivers a framework for transparent and robust LCI in a form that can be accessed by Life Cycle 
Assessment (LCA) practitioners both within Australia and internationally. 

The Purpose of This Document 

This methodology report aims to provide more detailed explanation of the approach taken within the 
AusAgLCI life cycle inventory project. It also hopes to enable future developers of agricultural LCI with 
guidance as to the recommended practice to develop similar inventory data which will be consistent with the 
AusAgLCI data.  The document does not provide a detailed explanation of all the inventory data developed 
in AusAgLCI. Specific detail on the inventory calculations is provided within the inventory itself.  

Project scope and definitions 

LCA and LCI 

The different phases of a LCA are shown in Figure 1. The inventory analysis step consists in identifying the 
flows into or out of a product system, to or from nature. These ‘inventory flows’ include inputs such as 
water, energy and raw materials; and releases to air, soil, and water. This inventory analysis has to be 
conducted for each stage of the life cycle of a product. In order to simplify this inventory task, LCI databases 
supply LCA practitioners with relevant data for each of the processes in a supply chain. The LCIs provided 
in these databases are valid for a given process, technology, region and timeframe. 
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Life cycle assessment framework

Goal and scope 
definition

Inventory  
analysis

Impact 
assessment

Interpretation

Applications 

·∙ 	   Product Development 
and improvement

·∙ 	   Strategic planning
·∙ 	   Public policy making
·∙ 	   Marketing
·∙ 	   Other

 

Figure	  1:	   Life	  Cycle	  Assessment	  phases	  

Source	  (International	  Organization	  for	  Standardization	  2006)	  

 

LCI is made up of individual unit processes which connect to produce the overall product system. The 
typical unit processes for agricultural products are shown in Figure 2, with the central farm process being 
supplied from many other unit processes such as tractor processes and irrigation processes, many of which 
are common to several agricultural commodities (shown in green boxes in Figure 2).  

For inputs required by the agricultural process which have not been collected in this project, background data 
are supplied by the AusLCI shadow database (shown in blue boxes in Figure 2). This database is modified 
version of a global database produced by ecoinvent®, based in Switzerland (ecoinvent Centre 2010). 
Processes for which the inventories are supplied by the shadow database included pesticide manufacture, 
fertiliser, tractor production and tractor emissions. This background data is not published as part of 
AusAgLCI due to licensing conditions but the inputs from this data are identified so that users can link to 
them once they download the AusAgLCI unit processes. The background data are included in the 
calculations of the system processes for cradle to harvest inventory data. 
 

Finally there are direct elementary flows (shown in brown boxes in Figure 2) within the farm process itself 
such as land occupation and emissions of pesticides, nitrate and nitrous oxide. The boundaries for the LCIs 
produced in AusAgLCI are mostly from cradle to harvest. 
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Water

Land

Product	  
outputs

Main
	  crop

Co-‐products

 

Figure	  2:	   LCIs	  interaction	  and	  farm	  LCI	  boundaries	  

Category Indicators of Interest 

While the AusAgLCI project is focusing on LCI, it is done with a view to enable the broadest possible use of 
the data in LCA studies. The ISO standard 14044 (International Organization for Standardization 2006) 
states that a comprehensive set of environmental indicators should be included taking the product system into 
account. In this project we have envisaged what are the important indicators for agricultural studies and 
attention has been put into supplying the inventory flows required as inputs to these indicators. These 
indicators are  

• Global warming 
• Depletion of water resources 
• Land use 
• Eutrophication 
• Ecotoxicity 

Global Warming 

Unlike most environmental indicators, global warming has a large number of international agreements and 
methodologies which require adherence to standardised calculation approaches. To support this AusAgLCI 
greenhouse gas (GHG) flows are based on IPCC (2006) and National Inventory Report (DCCEE 2011) 
methodologies. This includes emissions directly associated with production such as direct and indirect GHG 
emissions from fertiliser use, burning of stubble and emission from crop residues.  
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Where the international methodology does not have consensus but there is insufficient causal link between 
the farm process and emission source, we have either excluded the flow altogether, for example soil carbon 
change, or included the flows in a separate module which can be added by the LCA practitioner where it is 
appropriate. An example of this is direct land use change. 

Water use 

Elemental flows required to support a range of impact assessment approaches are included. The water flows 
proposed in AusLCI guidelines are shown in Table 1. To enable the use of the water flows in current water 
footprint models, the flows will be post scripted with an AU to identify the water flows as Australian.  As 
agreement is reached on more local geographic regions for identifying water extraction characteristics, these 
can be added to the flows.  

Table	  1:	   Water	  elementary	  flows	  in	  AusLCI	  

Direction	  of	  flow	   Flow	  name	  

Inputs	  from	  nature	   water,	  groundwater,	  non-‐fossil	  

Inputs	  from	  nature	   water,	  groundwater,	  fossil	  

Inputs	  from	  nature	   water,	  groundwater,	  unspecified	  

Inputs	  from	  nature	   water,	  surface,	  river	  

Inputs	  from	  nature	   water,	  surface,	  lake	  

Inputs	  from	  nature	   water,	  surface,	  rainwater*	  

Inputs	  from	  nature	   water,	  surface,	  unspecified	  

Inputs	  from	  nature	   water,	  unspecified	  

Inputs	  from	  nature	   water,	  ocean	  

Outputs	  to	  nature	   water,	  release	  to	  groundwater,	  non-‐fossil	  

Outputs	  to	  nature	   water,	  release	  to	  river	  

Outputs	  to	  nature	   water,	  release	  to	  lake	  

Outputs	  to	  nature	   water,	  release	  to	  estuary	  

Outputs	  to	  nature	   water,	  release	  to	  ocean	  

Outputs	  to	  nature	   water,	  evaporated	  

*Refers to rainwater intercepted and held in a tank – does not refer to rainwater falling on crops or other system 
which are considered part of natural flow. 

Rainfall, sometimes referred to as “green water” is not included in the inventory at this time as there is no 
clear methodology for how to treat natural processes or rainfall and runoff as compared to what happens 
when a farming system interacts with this process. Technically a land use change which changes run off 
characteristics could be taken into consideration however no such changes have been included in AusAgLCI 
to date. 
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Land use 

Land use and land use change is an important impact category in LCA, especially for agricultural production. 
The difficulty for AusAgLCI is that the methodology for assessing impacts relating to land use is still in 
development. The approach taken in AusAgLCI is to try and provide enough information in the inventory to 
serve current and possible future developments in land use impact assessment.  

The land use approach taken by some common impact methods is shown in Table 2, along with the 
elementary flow that is required to use the method. We can see that land occupation is required with a 
classification of land type and/or the type of land use for all models. Currently AusAgLCI does not record 
prior land use as this is generally impractical from a data supply point of view.  The choice of classification 
system for land use categories is important to make the data globally applicable but also locally relevant. 
AusAgLCI uses the same land use categories as ecoinvent® which are shown in Appendix G. 

Table	  2:	   Common	  land	  use	  impact	  method	  and	  the	  inventory	  required	  to	  use	  them	  

IMPACT	  METHOD	   BASIS	  FOR	  CHARACTERISATION	   ELEMENTARY	  FLOWS	  REQUIRED	  

Impact	  World	  +?	  (Saad,	  Margni	  et	  al.	  
2011)	  

Impact	  of	  land	  occupation	  looking	  at	  
the	  occupation	  type	  with	  some	  
reference	  to	  previous	  state	  of	  land	  

Occupation,	  land	  type,	  prior	  state	  of	  
land	  being	  used.	  

ReCiPe	  Method	  (Goedkoop,	  Heijungs	  
et	  al.	  2009)	  

Based	  on	  direct	  and	  indirect	  impacts	  
land	  occupation	  of	  biodiversity	  
through	  exclusion	  of	  reestablishment.	  

Land	  transformation	  included	  as	  being	  
an	  occupation	  until	  the	  time	  of	  re-‐
establishment	  or	  100	  years	  whichever	  
comes	  sooner.	  

Occupation	  by	  land	  type	  

Land	  transformation	  to-‐	  by	  land	  type	  

Land	  transformation	  from-‐	  by	  land	  
type	  

	  

	  

Indirect	  land	  use	  change	  model	  (LCA	  
2.0	  Undated)	  

Based	  on	  demand	  for	  global	  land	  
markets	  as	  the	  driver	  for	  land	  use	  
change.	  Based	  on	  NPP	  of	  land	  
occupation.	  NPP	  is	  potential	  without	  
fertiliser	  or	  irrigation.	  

Occupation	  by	  land	  type.	  

	  

 

Land transformation is included as optional in the AusLCI guidelines but is compulsory in the ecoinvent® 
database. In AusAgLCI the approach has been to require strong evidence to annual and ongoing land 
transformation and to be directly related to the product system under study. This was not demonstrated for 
any of the production systems currently in the inventory. 

In production systems where land is used from year-to-year for the same activity, the land transformation is 
entered as two flows which cancel each other out. For example land transformation from arable land, and 
land transformation to arable land. This simply states what the land was prior to occupation and what it will 
be after the application. 

Specific emissions from land use or land use change are documented separately to the land occupation and 
land transformation flows. 

Eutrophication 

Eutrophication is caused by nitrogen and phosphate emissions to water bodies which has the potential to 
increase biological activity, change species composition and in certain circumstance lead to excess algae 
production which can dramatically affect the water quality. 
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For consistency with the modelling of in climate change, nitrogen flows are estimated using Australian NIR 
methodology (DCCEE 2011). Phosphorus flows are estimated by the method used by ecoinvent® (Nemecek 
et al. 2007). Both methods are responsive to fertiliser inputs, use regional data (at the intersection of GIS 
layers for agro-ecological region (Williams, Hamblin et al. 2002) and land use (BRS 2010)) to determine if 
leaching and run-off is occurring (yes if >50% of the area meets conditions for leaching), and to estimate net 
export of soil (relevant for P transport to waterways).  

The methods do not take into account more detailed spatial and temporal variation in weather and soil 
conditions. Approaches to quickly locate relevant data on nutrient flows at this finer scale were investigated, 
in the first instance using BiosEquil (Raupach et al. 2001). The work required to successfully complete this 
was beyond the scope of this project but would be a sensible future investment. 

Ecotoxicity 

Ecotoxicity and a significant part of human toxicity is driven by the use of chemicals in cropping systems. 
The nature of pesticides is that they are toxic, at a minimum, to the target species for which they are 
designed. To measure the ecotoxicity of a pesticide within the farm boundary therefore makes little sense. To 
get around this problem the PestLCI model was used (Dijkman et al. 2012) which looks at the farm as part of 
the techno-phere and only measures what leaves the farm to water, as drift and below the soil profile to 
groundwater. 

Flows of specific active ingredients to soil, water and air were estimated from PestLCI, adapted to Australian 
conditions (Dijkman et al. 2012). The parameters in the model that have been modified for Australian 
conditions are climate related (temperature, precipitation, evaporation, solar radiation), soil characteristics 
(depth, proportion sand, silt and clay, pH, organic content, bulk density), and field data (slope). Profiles for 
use in PestLCI have been constructed from GIS layers at the intersection of agricultural land use and agro-
ecological region. A number of pesticides used in Australia have been added to the model, using readily 
available data on key parameters (molecular weight, solubility, vapour pressure, half-life in soil). Air 
emissions from the farm from drift are recorded as emissions to soil, assuming they deposit on soil off the 
farm.  

AusAgLCI also allows via a switch in the inventory to use the conventional approach to put 100% of 
pesticide applied into the soil compartment.  

Regardless of which approach is used in the inventory, the emissions to the environment from the farm are 
evaluated by the eco-toxicity impact assessment methods (the most widely used being USETox; Rosenbaum 
et al. 2008) to determine the ultimate fate of the chemicals in the environment. These models use the same 
type of modelling used in PestLCI, but without farm or location specific information. Because both PestLCI 
and USEtox model degradation and movement of the pesticides as a linear process, the use of the two models 
do not represent any double counting of fate or degradation. 

Other indicators 

In addition to the indicators above, the use of high quality upstream input data allows other indicators to be 
calculated including fossil and mineral depletion, photo oxidant formation, stratospheric ozone depletion, 
and ionising radiation. 

Indicator model not fully supported 

Particulate matter formation 

Particulate matter, either directly from farming activities or indirectly from combustion of farm residues, is 
not included in the inventory currently due to a lack of available data. 
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Human Toxicity 

While the work on pesticide fate models will have some impact on human toxicity the current portioning 
models do not include plant uptake of pesticides which is most likely the most significant pathway for human 
toxicity. For this reason the method does not claim to support human toxicity impacts.  
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Structure of the inventory 

Introduction to data structure 

AusAgLCI data are a subset of the AusLCI database and therefore share the same basic structure. Some 
considerations for structuring the inventory have been: 

• Transparency of the modelled data- All assumptions and calculations should be apparent from within 
the datasets. 

• Updateability - changes to the datasets over time should be as easy as possible through updating of 
key production parameters automatically propagating to update the entire inventory. 

• Configurability – to allow users to use the datasets as a starting point which can be easily modified 
to the user’s local circumstances. 

• Simplicity – avoiding unnecessary disaggregation of the inventory. The whole farm growth stage is 
normally contained in one process. For perennials such as orchards produce and establishment phase 
and mature operation phase are modelled separately. 

• Modularity – tractors, irrigation, fertilisers and so on have been made as standalone modules for use 
within the inventory. 

Background datasets used  

AusAgLCI has developed foreground data for farm systems however these systems need to link to upstream 
inventory data, or background data.  Four types of background data have been used in AusAgLCI (and 
AusLCI) shown in Table 3. 

Table	  3:	   Types	  of	  background	  data	  used	  in	  AusAgLCI	  and	  AusLCI	  

Data	  type	   Description	  

AusLCI	  processes	   Processes	  which	  have	  been	  published	  by	  the	  AusLCI	  project	  including	  any	  data	  
developed	  as	  part	  of	  the	  AusAgLCI	  project(ALCAS	  2013)	  .	  

Unreviewed	  AusLCI	  
processes	  

AusLCI	  guidelines	  allow	  for	  small	  flows	  to	  be	  estimated.	  These	  unreviewed	  
processes	  may	  be	  designed	  from	  scratch	  or	  may	  be	  modified	  versions	  of	  the	  
shadow	  database.	  

Shadow	  database	   The	  shadow	  database	  is	  a	  version	  of	  the	  ecoinvent®	  database	  which	  has	  been	  
globally	  modified	  to	  use	  all	  available	  AusLCI	  data	  so	  it	  provides	  default	  background	  
data	  for	  Australian	  production	  when	  no	  other	  data	  is	  available(Rouwette	  2013).	  

ecoinvent®	  database	   Where	  the	  input	  is	  not	  from	  Australian	  production	  and	  a	  global	  supply	  process	  is	  
available	  in	  ecoinvent®	  this	  should	  be	  used	  at	  the	  input	  in	  preference	  to	  the	  
shadow	  database(ecoinvent	  Centre	  2010).	  
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1.4 Parameters for phosphorus emissions 

Table	  27:	   Detailed	  parameters	  for	  modelling	  phosphorus	  emissions	  

	   Parameter	   Unit	   Definition	  

Fertilisers	  data	  

	   P2O5min	   kg/ha	   Mineral	  fertilisers	  applied	  

	   P2O5sl	   kg/ha	   Slurry	  or	  liquid	  sewage	  sludge	  applied	  

	   P2O5man	   kg/ha	   Solid	  manure	  applied	  

Phosphorus	  leaching	  to	  ground	  water	  –	  Pgw	  

	   Pgw	   kgP/ha.a	   Pgwl*Fgw	  

	   Pgwl	   kgP/ha.a	   Average	  quantity	  of	  P	  leached	  to	  ground	  water,	  default	  value	  of	  0.07	  for	  arable	  land,	  
0.06	  for	  pastures	  and	  meadows.	  

	   Fgw	   [-‐]	   1+0.2/80P2O5sl,	  slurry	  correction	  factor	  

P	  run-‐off	  to	  surface	  waters	  –	  Pro	  

	   Pro	   kgP/ha.a	   Prol*Fro	  

	   Prol	   kgP/ha.a	   Correction	  factor	  for	  fertilisation.	  Default	  value	  of	  0.175	  for	  arable	  land,	  0.25	  for	  
intensive	  permanent	  pastures	  and	  meadows,	  and	  0.15	  for	  extensive	  permanent	  
pastures	  and	  meadows.	  

	   Fro	   [-‐]	   1+0.2/80P2O5min	  +	  0.7/80P2O5sl	  +	  0.4/80P2O5man	  

P	  emissions	  through	  erosion	  by	  water	  to	  surface	  waters	  -‐	  Per	  

	   Per	   kgP/ha.a	   1000*Ser*Pcs*Fr*Ferw	  

	   Ser	   t/ha.a	   Quantity	  of	  soil	  eroded	  

	   Pcs	   kgP/kg	  
soil	  

Default	  average	  value	  of	  0.00095	  

	   Fr	   -‐	   Default	  average	  value	  of	  1.86	  

	   Ferw	   -‐	   Default	  average	  value	  of	  0.2	  
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Appendix	  D  List of agro-ecological regions used 
in AusAgLCI 

Table 28 shows the list of agro-ecological regions, and the agricultural use for AusAgLCI inventories (last 6 
columns).  

Table	  28:	   Agro-‐ecological	  regions	  and	  land	  use	  categories	  for	  AusAgLCI	  inventories	  

REGION	  NUMBER	   REGION	  NAME	  

PA
ST

U
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S	  

H
O

RT
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U
LT

U
RE

	  –
	  P

ER
EN

N
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L	  
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O

RT
IC

U
LT

U
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	  –
	  S
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N
AL

	  

CO
TT

O
N

	  

CR
O

PP
IN

G
	  

1	   Hobart	   x	   x	   	   x	   	   x	  

2	   Jordan	  Coal	  Tasman	   x	   x	   	   	   	   x	  

3	   Tasmanian	  Forests	   x	   x	   	   x	   	   x	  

4	   Burnie	   x	   x	   	   x	   	   x	  

5	   North	  Central	   x	   x	   	   x	   	   x	  

6	   Melbourne	  Region	   x	   x	   	   x	   	   x	  

7	   Central	  and	  South	  West	  Slopes	  and	  Plains	   x	   x	   	   x	   x	   x	  

8	   South	  Riverina	  and	  Wimmera	   x	   x	   	   x	   x	   x	  

9	   Far	  South	  and	  East	  Victorian	  Coast	   x	   x	   	   x	   	   x	  

10	   Southern	  Highlands,	  Tablelands	  and	  Gippsland	   x	   x	   	   x	   	   x	  

11	   South	  Coast	  and	  Illawarra	   x	   	   	   	   	   x	  

12	   Sydney	  Basin	   x	   x	   	   x	   	   x	  

13	   Central,	  North	  Tablelands	  and	  Granite	  belt	   x	   x	   	   x	   x	   x	  

14	   Northern	  Rivers	  and	  Mid-‐north	  Coast	   x	   x	   x	   x	   	   x	  

15	   Western	  Downs	  and	  North	  West	  Slopes	  and	  Plains	   x	   x	   	   x	   x	   x	  

16	   Brisbane	  Moreton	   x	   x	   x	   x	   	   x	  

17	   Darling	  Downs	   x	   x	   	   x	   x	   x	  

18	   South	  Burnett	   x	   x	   	   	   	   x	  

19	   Wide	  Bay	  	  Burnett	   x	   x	   x	   x	   x	   x	  

20	   Dawson	  Callide	   x	   x	   	   	   x	   x	  

21	   Central	  Queensland	  coast	   x	   x	   x	   	   x	   x	  
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REGION	  NUMBER	   REGION	  NAME	  

PA
ST
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22	   Central	  Highlands	  Queensland	   x	   	   	   	   x	   x	  

23	   Burdekin	   x	   x	   x	   x	   	   x	  

24	   Wet	  Tropic	  Coast	   x	   x	   x	   	   	   	  

25	   Northern	  Queensland	  Tablelands	   x	   x	   x	   x	   	   x	  

26	   Central	  West	  and	  Gulf	   x	   	   	   	   	   x	  

27	   Cape	  York	   x	   x	   x	   x	   	   x	  

28	   Barkly	  Tablelands	   	   	   	   	   	   	  

29	   Marrakai	  Arnhem	  Land	   	   	   	   	   	   	  

30	   Esley	  Gulf	  Land	   x	   x	   	   	   	   x	  

31	   Timor	  Coast	  and	  Douglas	  Daly	  Basin	   x	   x	   	   	   	   x	  

32	   Sturt	  Plateau	   x	   x	   	   x	   	   x	  

33	   Kimberley	  Victoria	  River	   x	   x	   x	   x	   	   x	  

34	   North	  West	  Australia	   	   	   	   	   	   	  

35	   Gascoyne	   x	   	   	   	   	   x	  

36	   Western	  Wheatbelt	   x	   x	   	   	   	   x	  

37	   South	  West	   x	   x	   	   x	   	   x	  

38	   Lower	  South	  West	   x	   x	   	   x	   	   x	  

39	   Goldfields	  Nullabor	  Flinders	  and	  darling	   x	   x	   	   	   x	   x	  

40	   Maranoa	  Warrego	   x	   x	   	   x	   x	   x	  

41	   Mallee	  Murray	  and	  central	  North	  South	  Australia	   x	   x	   	   x	   	   x	  

42	   Southern	  Coastal	  South	  Australia	   x	   x	   	   x	   	   x	  

43	   Channel	  Country	   x	   	   	   	   	   x	  

44	   Central	  Australian	  Ranges	   	   	   	   	   	   	  

45	   Tanami,	  Petermann,	  Simpson	  and	  Western	  Deserts	   	   	   	   	   	   	  

46	   Adelaide	  Region	   x	   x	   	   x	   	   x	  
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Appendix	  F Pesticides inventories 
Table 30 shows the list of inventories used in AusAgLCI to model the production of active 
ingredients. Where the ecoinvent® inventory did not have a specific active ingredient a generic process 
was used. 

Table	  30:	   Inventories	  used	  for	  modeling	  active	  ingredients	  production	  

PESTCIDE	  ACTIVE	  INGREDIENT	   ECOINVENT®	  INVENTORY	  USED	  FOR	  PRODUCTION	  OF	  THE	  PESTICIDE	  

2,4-‐D	   2,4-‐D,	  at	  regional	  storehouse/RER	  U	  

Abamectin	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Acetochlor	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Aclonifen	   Aclonifen,	  at	  regional	  storage/RER	  U	  

Aldicarb	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Alpha-‐cypermethrin	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Amidosulfuron	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Asulam	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Atrazine	   Atrazine,	  at	  regional	  storehouse/RER	  U	  

Azoxystrobin	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Benomyl	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Bentazone	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Bifenthrin	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Bromoxynil	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Cadusafos	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Carbofuran	   Carbofuran,	  at	  regional	  storehouse/RER	  U	  

Chlorfenvinphos	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Chlormequat	  chloride	   Growth	  regulators,	  at	  regional	  storehouse/RER	  U	  

Chlorothalonil	   Chlorothalonil,	  at	  regional	  storage/RER	  U	  

Chlorpyrifos	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Chlorpyrifos-‐methyl	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Chlorsulfuron	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Clodinafop-‐propargyl	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Clofentezine	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Clomazone	   Herbicides,	  at	  regional	  storehouse/RER	  U	  
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PESTCIDE	  ACTIVE	  INGREDIENT	   ECOINVENT®	  INVENTORY	  USED	  FOR	  PRODUCTION	  OF	  THE	  PESTICIDE	  

Clopyralid	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Cyanamide	   Growth	  regulators,	  at	  regional	  storehouse/RER	  U	  

Cyfluthrin	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Cypermethrin	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Cyprodinil	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Dazomet	   Pesticide	  unspecified,	  at	  regional	  storehouse/RER	  U	  

Deltamethrin	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Desmedipham	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Dicamba	   Dicamba,	  at	  regional	  storehouse/RER	  U	  

Dichlofluanid	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Diclofop-‐methyl	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Dicofol	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Diflufenican	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Dimethoate	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Dimethomorph	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Diquat	  dibromide	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Diuron	   Diuron,	  at	  regional	  storehouse/RER	  U	  

Emamectin	  benzoide	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Endosulfan	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Esfenvalerate	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Ethephon	   Growth	  regulators,	  at	  regional	  storehouse/RER	  U	  

Ethofumesate	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Fenamiphos	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Fenbutatin	  oxide	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Fenoxaprop-‐P	  ethyl	  ester	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Fenpropidin	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Fenpropimorph	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Fenthion	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Flamprop-‐m-‐isopropyl	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Fluazifop-‐p-‐butyl	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Fluazinam	   Fungicides,	  at	  regional	  storehouse/RER	  U	  
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PESTCIDE	  ACTIVE	  INGREDIENT	   ECOINVENT®	  INVENTORY	  USED	  FOR	  PRODUCTION	  OF	  THE	  PESTICIDE	  

Fluquinconazole	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Fluroxypyr	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Folpet	   Folpet,	  at	  regional	  storage/RER	  U	  

Fosetyl-‐aluminium	   Fosetyl-‐Al,	  at	  regional	  storage/RER	  U	  

Glufosinate	  ammonium	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Glyphosate	   Glyphosate,	  at	  regional	  storehouse/RER	  U	  

Glyphosate	   Glyphosate,	  at	  regional	  storehouse/RER	  U	  

Haloxyfop-‐ethoxyethyl	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Imidacloprid	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Indoxacarb	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Iodosulfuron	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Ioxynil	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Iprodion	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Isoproturon	   Isoproturon,	  at	  regional	  storage/RER	  U	  

Isoxaflutole	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Kresoxim-‐methyl	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Lambda-‐cyhalothrin	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Linuron	   Linuron,	  at	  regional	  storehouse/RER	  U	  

Malathion	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Maleic	  hydrazide	   Growth	  regulators,	  at	  regional	  storehouse/RER	  U	  

Mancozeb	   Mancozeb,	  at	  regional	  storage/RER	  U	  

MCPA	   MCPA,	  at	  regional	  storehouse/RER	  U	  

Mepiquat	  chloride	   Growth	  regulators,	  at	  regional	  storehouse/RER	  U	  

Metalaxil	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Metamitron	   Metamitron,	  at	  regional	  storage/RER	  U	  

Metam-‐sodium	   Dithiocarbamate-‐compounds,	  at	  regional	  storehouse/RER	  U	  

Metazachlor	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Methabenzthiazuron	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Methamidophos	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Methidathion	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Methiocarb	   Insecticides,	  at	  regional	  storehouse/RER	  U	  
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PESTCIDE	  ACTIVE	  INGREDIENT	   ECOINVENT®	  INVENTORY	  USED	  FOR	  PRODUCTION	  OF	  THE	  PESTICIDE	  

Methomyl	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Methoxyfenozide	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Metiram	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Metolachlor	   Metolachlor,	  at	  regional	  storehouse/RER	  U	  

Metribuzin	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Metsulfuron-‐methyl	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Napropamide	   Napropamide,	  at	  regional	  storage/RER	  U	  

Omethoate	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Paraquat	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Parathion	   Parathion,	  at	  regional	  storehouse/RER	  U	  

Parathion,	  methyl	   Parathion,	  at	  regional	  storehouse/RER	  U	  

Pendimethalin	   Pendimethalin,	  at	  regional	  storage/RER	  U	  

Phenmedipham	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Pirimicarb	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Prochloraz	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Prometryn	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Propachlor	   Propachlor,	  at	  regional	  storehouse/RER	  U	  

Propamocarb	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Propaquizafop	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Propiconazole	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Propyzamide	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Prosulfocarb	   Prosulfocarb,	  at	  regional	  storage/RER	  U	  

Prothiophos	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Pyridate	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Rimsulfuron	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Simazine	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Spinosad	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Spirotetramat	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Sulprofos	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Tau-‐fluvalinate	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Tebuconazole	   Fungicides,	  at	  regional	  storehouse/RER	  U	  
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PESTCIDE	  ACTIVE	  INGREDIENT	   ECOINVENT®	  INVENTORY	  USED	  FOR	  PRODUCTION	  OF	  THE	  PESTICIDE	  

Tebufenozide	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Terbuthylazin	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Thiabendazole	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Thiacloprid	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Thiamethoxam	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Thidiazuron	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Thifensulfuron-‐methyl	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Thiram	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Tolyfluanide	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Tralkoxydim	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Triadimefon	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Triadimenol	   Insecticides,	  at	  regional	  storehouse/RER	  U	  

Triasulfuron	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Tribenuron-‐methyl	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Triclopyr	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Trifloxystrobin	   Fungicides,	  at	  regional	  storehouse/RER	  U	  

Trifluralin	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Triflusulfuron-‐methyl	   Herbicides,	  at	  regional	  storehouse/RER	  U	  

Trinexapac-‐ethyl	   Growth	  regulators,	  at	  regional	  storehouse/RER	  U	  
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Appendix	  G  Land use classes 
Table 31 shows the land use classes used in AusAgLCI- which are taken from the ecoinvent® data 
guidelines(Weidema, Bauer et al. 2012) . 

Table	  31:	   Land	  use	  classes	  used	  in	  AusAgLCI	  

LAND	  USE	  CLASS	  	   DESCRIPTION	  

Unspecified	  	   	  

Unspecified,	  natural	  (non-‐use)	  	   	  

Forest,	  unspecified	  	   Areas	  with	  tree	  cover	  >15%.	  

Forest,	  primary	  (non-‐use)	   Forests	  (tree	  cover	  >15%),	  minimally	  disturbed	  by	  humans,	  where	  flora	  and	  
fauna	  species	  abundance	  is	  near	  pristine.	  

Forest,	  secondary	  (non-‐use)	   Areas	  originally	  covered	  with	  forest	  or	  woodlands	  (tree	  cover	  >15%),	  where	  
vegetation	  has	  been	  removed,	  forest	  is	  re-‐growing	  and	  is	  no	  longer	  in	  use.	  

Forest,	  extensive	   Forests	  (tree	  cover	  >15%),	  with	  extractive	  use	  and	  associated	  disturbance	  like	  
hunting,	  and	  selective	  logging,	  where	  timber	  extraction	  is	  followed	  by	  re-‐growth	  
including	  at	  least	  three	  naturally	  occurring	  tree	  species,	  with	  average	  stand	  age	  
>30	  years	  and	  deadwood	  >	  10	  cm	  diameter	  exceeds	  5	  times	  the	  annual	  harvest	  
volume.	  

Forest,	  intensive	   Forests	  (tree	  cover	  >15%),	  with	  extractive	  use,	  with	  either	  even-‐aged	  stands	  or	  
clear-‐cut	  patches	  exceeding	  250	  m	  length,	  or	  less	  than	  three	  naturally	  occurring	  
species	  at	  planting/seeding,	  or	  average	  stand	  age	  <30	  years,	  or	  deadwood	  less	  
than	  5	  times	  the	  annual	  harvest	  volume.	  

Wetland,	  coastal	  (non-‐use)	   Areas	  tidally,	  seasonally	  or	  permanently	  waterlogged	  with	  brackish	  or	  saline	  
water.	  Includes	  costal	  marshland	  and	  mangrove.	  Excludes	  coastal	  land	  with	  
infrastructure	  or	  agriculture.	  

Wetland,	  inland	  (non-‐use)	   Areas	  partially,	  seasonally	  or	  permanently	  waterlogged.	  The	  water	  may	  be	  
stagnant	  or	  circulating.	  Includes	  inland	  marshland,	  swamp	  forests	  and	  peat	  bogs.	  

Shrub	  land,	  sclerophyllous	   Shrub-‐dominated	  vegetation.	  May	  be	  used	  or	  non-‐used.	  Includes	  also	  
abandoned	  agricultural	  areas,	  not	  yet	  under	  forest	  cover	  

Grassland,	  natural	  (non-‐use)	  	   Grassland	  vegetation	  with	  scattered	  shrubs	  or	  trees	  (e.g.,	  steppe,	  tundra,	  
savannah).	  

Grassland,	  natural,	  for	  livestock	  
grazing	  

Grasslands	  where	  wildlife	  is	  replaced	  by	  grazing	  livestock.	  

Arable	  land,	  unspecified	  use	  	   Land	  suitable	  for	  crop	  production,	  in	  unspecified	  use	  

Pasture,	  man	  made	  	   Arable	  land	  used	  for	  forage	  production	  or	  livestock	  grazing.	  

Pasture,	  man	  made,	  extensive	   +	  no	  artificial	  fertiliser	  applied,	  mechanically	  harvested	  less	  than	  3	  times	  per	  year	  
or	  equivalent	  livestock	  grazing	  

Pasture,	  man	  made,	  intensive	   +	  artificial	  fertiliser	  applied,	  or	  mechanically	  harvested	  3	  times	  or	  more	  per	  year	  
or	  equivalent	  livestock	  grazing	  
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LAND	  USE	  CLASS	  	   DESCRIPTION	  

Annual	  crop	   Cultivated	  areas	  with	  crops	  that	  occupy	  the	  land	  <	  1	  year,	  e.g.	  cereals,	  fodder	  
crops,	  root	  crops,	  or	  vegetables.	  Includes	  aromatic,	  medicinal	  and	  culinary	  plant	  
production	  and	  flower	  and	  tree	  nurseries.	  

Annual	  crop,	  non-‐irrigated	  	   Annual	  crop	  production	  based	  on	  natural	  precipitation	  (rainfed	  agriculture).	  

Annual	  crop,	  non-‐irrigated,	  
extensive	  

+	  Use	  of	  fertiliser	  and	  pesticides	  is	  significantly	  less	  than	  economically	  optimal.	  

Annual	  crop,	  non-‐irrigated,	  
intensive	  

+	  Fertiliser	  and	  pesticides	  at	  or	  near	  the	  economically	  optimal	  level.	  

Annual	  crop,	  irrigated	   Annual	  crops	  irrigated	  permanently	  or	  periodically.	  Most	  of	  these	  crops	  could	  
not	  be	  cultivated	  without	  an	  artificial	  water	  supply.	  Does	  not	  include	  sporadically	  
irrigated	  land.	  

Annual	  crop,	  irrigated,	  extensive	  	   +	  Use	  of	  fertilizer	  and	  pesticides	  is	  significantly	  less	  than	  economically	  optimal.	  

Annual	  crop,	  irrigated,	  intensive	  	   +	  Fertiliser	  and	  pesticides	  at	  or	  near	  the	  economically	  optimal	  level.	  

Annual	  crop,	  flooded	  crop	  	   Areas	  for	  rice	  cultivation.	  Flat	  surfaces	  with	  irrigation	  channels.	  Surfaces	  
regularly	  flooded.	  

Annual	  crop,	  greenhouse	  	   Crop	  production	  under	  plastic	  or	  glass.	  

Field	  margin/hedgerow	  	   Land	  between	  fields	  with	  natural	  vegetation.	  

Heterogeneous,	  agricultural	  	   Agricultural	  production	  intercropped	  with	  (native)	  trees.	  

Permanent	  crop	   Perennial	  crops	  not	  under	  a	  rotation	  system	  which	  provide	  repeated	  harvests	  
and	  occupy	  the	  land	  for	  >1	  year	  before	  it	  is	  ploughed	  and	  replanted;	  mainly	  
plantations	  of	  woody	  crops.	  

Permanent	  crop,	  non-‐irrigated	  	   Perennial	  crops	  production	  based	  on	  natural	  precipitation	  (rainfed	  agriculture).	  

Permanent	  crop,	  non-‐irrigated,	  
extensive	  

+	  Use	  of	  fertilizer	  and	  pesticides	  is	  less	  than	  economically	  optimal.	  

Permanent	  crop,	  non-‐irrigated,	  
intensive	  

+	  Fertiliser	  and	  pesticides	  at	  economically	  optimal	  level.	  

Permanent	  crop,	  irrigated	   Perennial	  crops	  irrigated	  permanently	  or	  periodically.	  Most	  of	  these	  crops	  could	  
not	  be	  cultivated	  without	  an	  artificial	  water	  supply.	  Does	  not	  include	  sporadically	  
irrigated	  land.	  

Permanent	  crop,	  irrigated,	  
extensive	  

+	  Use	  of	  fertilizer	  and	  pesticides	  is	  significantly	  less	  than	  economically	  optimal.	  

Permanent	  crop,	  irrigated,	  
intensive-‐	  

+	  Fertiliser	  and	  pesticides	  at	  or	  near	  the	  economically	  optimal	  level.	  

Cropland	  fallow	  (non-‐use)	  	   Cropland,	  temporarily	  not	  in	  use	  (<2	  years).	  

Urban/industrial	  fallow	  (non-‐use)	   Areas	  with	  remains	  of	  industrial	  buildings;	  deposits	  of	  rubble,	  gravel,	  sand	  and	  
industrial	  waste.	  Can	  be	  vegetated.	  



 

AusAgLCI methodology Report | 65 

LAND	  USE	  CLASS	  	   DESCRIPTION	  

Urban,	  continuously	  built	   Buildings	  cover	  most	  of	  the	  area.	  Roads	  and	  artificially	  surfaced	  area	  cover	  
almost	  all	  the	  ground.	  Non-‐linear	  areas	  of	  vegetation	  and	  bare	  soil	  are	  
exceptional.	  At	  least	  80%	  of	  the	  total	  area	  is	  sealed.	  

Urban,	  discontinuously	  built	   Most	  of	  the	  area	  is	  covered	  by	  structures.	  Buildings,	  roads	  and	  artificially	  
surfaced	  areas,	  associated	  with	  areas	  with	  vegetation	  and	  bare	  soil,	  which	  
occupy	  discontinuous	  but	  significant	  surfaces.	  Less	  than	  80%	  of	  the	  total	  area	  is	  
sealed.	  

Urban,	  green	  area	  	   Areas	  with	  vegetation	  within	  urban	  fabric.	  Includes	  parks	  with	  vegetation.	  

Industrial	  area	   Artificially	  surfaced	  areas	  (with	  concrete,	  asphalt,	  or	  stabilized,	  e.g.,	  beaten	  
earth)	  devoid	  of	  vegetation	  on	  most	  of	  the	  area	  in	  question,	  which	  also	  contains	  
buildings	  and/or	  areas	  with	  vegetation.	  

Mineral	  extraction	  site	   Areas	  with	  open-‐pit	  extraction	  of	  industrial	  minerals	  (sandpits,	  quarries)	  or	  other	  
minerals	  (opencast	  mines).	  Includes	  flooded	  gravel	  quarries,	  except	  for	  riverbed	  
extraction.	  Landfill	  or	  mine	  dump	  sites,	  industrial	  or	  public.	  

Dump	  site	  	   	  Landfill	  or	  mine	  dump	  sites,	  industrial	  or	  public.	  

Construction	  site	  	   Areas	  under	  construction	  development,	  soil	  or	  bedrock	  excavations,	  earthworks.	  

Traffic	  area,	  road	  network	  	   Motorways,	  including	  associated	  installations	  (stations).	  

Traffic	  area,	  rail	  network	  	   Railways,	  including	  associated	  installations	  (stations,	  platforms).	  

Traffic	  area,	  rail/road	  
embankment	  

Vegetated	  land	  along	  motorways	  and	  railways.	  

Bare	  area	  (non-‐use)	  	   Areas	  permanently	  without	  vegetation	  (e.g.,	  deserts,	  high	  alpine	  areas).	  

Snow	  and	  ice	  (non-‐use)	  	   Areas	  permanently	  covered	  with	  snow	  or	  ice	  considered	  as	  undisturbed	  areas.	  

Inland	  waterbody,	  unspecified	  	   Freshwater	  bodies.	  

River,	  natural	  (non-‐use)	  	   Natural	  watercourses.	  

Lake,	  natural	  (non-‐use)	  	   Natural	  stretches	  of	  water.	  

River,	  artificial	  	   Artificial	  watercourses	  serving	  as	  water	  drainage	  channels.	  Includes	  canals.	  

Lake,	  artificial	  	   Reservoir	  in	  a	  valley	  because	  of	  damming	  up	  river.	  

Seabed,	  unspecified	  	   Area	  permanently	  under	  seawater.	  

Seabed,	  natural	  (non-‐use)	  	   Natural	  seabed.	  

Seabed,	  bottom	  fishing	  	   Seabed	  disturbed	  by	  bottom	  trawling	  or	  fishing	  dredge	  

Seabed,	  sediment	  displacement	  	   Seabed	  disturbed	  by	  dumping	  or	  shellfish-‐	  or	  sediment-‐dredging	  

Seabed,	  infrastructure	  	   Seabed	  disturbed	  by	  infrastructure	  like	  harbours	  or	  platforms	  

Seabed,	  drilling	  and	  mining	  	   Seabed	  disturbed	  by	  drilling	  and	  mining,	  including	  cuttings	  and	  tailings	  disposal	  
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Appendix	  H Uncertainty approach from 
ecoinvent® 

The uncertainty estimate approach which AusLCI has adopted from ecoinvent® is made up of two 
elements. The first is the basic uncertainty of the flow and the second is the data quality characteristics 
which are used to modify this basic uncertainty. 

Basic uncertainty factors are specified for different kinds of input and output shown in Table 32. It is 
assumed that, for instance, CO2 emissions show in general a much lower uncertainty as compared to 
CO emissions. While the former can be calculated from fuel input, the latter is much more dependent 
on boiler characteristics, engine maintenance, load factors etc.  

Data sources are then assessed according to the five characteristics "reliability", "completeness", 
"temporal correlation", "geographic correlation" and "further technological correlation" (see Table 33). 
Each characteristic is divided into five quality levels with a score between 1 and 5. Accordingly, a set 
of five indicator scores is attributed to each individual input and output flow (excluding the reference 
product) reported in a data source. An uncertainty factor (expressed as a contribution to the square of 
the geometric standard deviation) is attributed to each of the score of the five characteristics. These 
uncertainty factors are shown in Table 34. 

Table	  32:	   Default	  basic	  uncertainty	  (variance	  σb
2	  of	  the	  log	  transformed	  data,	  i.e.	  the	  underlying	  normal	  

distribution)	  applied	  to	  intermediate	  and	  elementary	  exchanges	  when	  no	  sampled	  data	  are	  
available.	  

  

Note	  c:	  combustion	  emissions;	  p:	  process	  emissions;	  a:	  agricultural	  emissions	  	  
(Source:(ecoinvent	  Centre	  2007))	  	  
The	   square	  of	   the	  geometric	   standard	  deviation	   (95%	   interval	  –	  SDg95)	   is	   then	  calculated	  with	   the	  

formulae	  shown	  in	  Equation	  13.	  
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Table	  33:	   Pedigree	  matrix	  used	  to	  assess	  the	  quality	  of	  data	  sources,	  derived	  from	  (Source:(ecoinvent	  
Centre	  2007))	  	  

 

Source:(ecoinvent	  Centre	  2007)	  

 

Table	  34:	   Default	  uncertainty	  factors	  (contributing	  to	  the	  square	  of	  the	  geometric	  standard	  deviation)	  
applied	  together	  with	  the	  pedigree	  matrix	  (Source:	  Swiss	  Centre	  for	  Life	  Cycle	  Inventories,	  2010)	  

 

Source:	  (ecoinvent	  Centre	  2007)	  
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Where : 
U1 basic uncertainty factor 
U2 uncertainty factor of reliability 
U3 uncertainty factor of completeness 
U4 uncertainty factor of temporal correlation 
U5 uncertainty factor of geographical correlation 
U6 uncertainty factor of technological correlation 
 

Equation	  13:	  Calculation	  of	  variance	  for	  uncertainty	  estimation	  
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Appendix	  I Full List of Agricultural Inventories 
Produced 

This section lists the inventories produced within AusAgLCI. The LCIs produced by the AusAgLCI 
project are of two types: 

• LCIs	   for	   supporting	   processes,	   used	   in	   the	   production	   of	   several	   agricultural	   commodities	  
(e.g.	  harvesting,	  drip	  irrigation)	  

• LCIs	   for	   agricultural	   commodities	   identified	   by	   the	   project	   stakeholders	   as	   priority	  
commodities	  (e.g.	  wheat,	  tomatoes)	  

Both levels of inventories are available at: give web address auslci.com.au.  

Agricultural commodities 

Sugar 

The sugar inventories are the culmination of many years of LCA and LCI studies undertaken at 
University of Queensland (Renouf, Wegner et al. 2010; Renouf, Wegner et al. 2011). These 
inventories have been modified to meet the requirements of AusAgLCI and after a review of data by 
sugar industry stakeholders.  

Table 35 presents the list of inventories developed for the sugar industry. As sugar growing varies 
depending on the production region, inventories have been supplied for 5 growing regions in 
Queensland and an average of all regions. An inventory for sugar milling is provided which produces 
raw sugar, electricity and molasses.  

Table	  35:	   Inventories	  developed	  for	  the	  sugar	  production	  

NAME	   UNIT	   TYPE	  

Sugarcane,	  harvested,	  at	  mill,	  average	  QLD/AU	  U	   t	   Material	  

Sugarcane,	  harvested,	  at	  mill,	  Bundaberg/AU	  U	   t	   Material	  

Sugarcane,	  harvested,	  at	  mill,	  Burdekin/AU	  U	   t	   Material	  

Sugarcane,	  harvested,	  at	  mill,	  Herbert/AU	  U	   t	   Material	  

Sugarcane,	  harvested,	  at	  mill,	  Mackay/AU	  U	   t	   Material	  

Sugarcane,	  harvested,	  at	  mill,	  Wet	  tropics/AU	  U	   t	   Material	  

Electricity	  from	  sugar	  mill,	  exported,	  at	  mill,	  QLD/AU	  U	   kWh	   Material	  

Molasses,	  from	  sugar,	  at	  mill,	  QLD/AU	  U	   t	   Material	  

Sugar,	  raw,	  at	  mill,	  QLD/AU	  U	   t	   Material	  

 

The sugar production involves numerous industry specific tractor processes and transport operation, 
for which inventories were developed.  These are shown in Table 36.  
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c. Sugar cane supporting inventories 

Table	  36:	   List	  of	  sugar	  cane	  supporting	  inventories	  

NAME	   UNIT	   TYPE	  

Harvest	  and	  haulout,	  burnt	  cane/AU	  U	   t	   Processing	  

Harvest	  and	  haulout,	  green	  cane/AU	  U	   t	   Processing	  

Shed,	  bare	  floor/AU	  U	   m2	   Processing	  

Locomotive,	  cane	  train/RER/I	  U	   p	   Transport	  

Rail	  bins,	  cane	  transport/AU	  U	   p	   Transport	  

Railway	  track,	  cane	  transport/AU	  U	   my	   Transport	  

Transport,	  cane,	  rail/AU	  U	   tkm	   Transport	  

Combustion,	  bagasse,	  in	  mill,	  QLD/AU	  U	   t	   Waste	  treatment	  

Land	  application	  of	  bagasse	  boiler	  ash	  to	  cane	  fields/AU	  U	   t	   Waste	  treatment	  

Land	  application	  of	  mill	  mud	  to	  cane	  fields/AU	  U	   t	   Waste	  treatment	  

 

Grain 

Table 37 lists the inventories developed for the grain sector. Sixteen grain commodities were identified 
as priority commodities for inventory development by grains research and development Corporation 
(GRDC). 

In addition to those selected commodities, inventories were developed for tractor processes commonly 
used in the production of grains.  
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Table	  37:	   Inventories	  developed	  for	  the	  grain	  production	  

NAME	   UNIT	   TYPE	  

Barley,	  Feed	  grade,	  no-‐till,	  Northern	  East	  NSW,	  at	  farm/AU	  U	   kg	   Material	  

Barley,	  Malt	  grade,	  Short	  Fallow,	  No-‐till,	  Central	  West	  NSW,	  at	  farm/AU	  U	   kg	   Material	  

Canola,	  No-‐till,	  Great	  Southern	  WA,	  at	  farm/AU	  U	   kg	   Material	  

Canola,	  No-‐till,	  North	  East	  NSW,	  at	  farm/AU	  U	   kg	   Material	  

Chickpeas,	  No-‐till,	  North	  East	  NSW,	  at	  farm/AU	  U	   kg	   Material	  

Lupins,	  Medium	  Rainfall	  Zone	  SA,	  at	  farm/AU	  U	   kg	   Material	  

Sorghum,	  no-‐till,	  North	  East	  NSW,	  at	  farm/AU	  U	   kg	   Material	  

Wheat,	  Central	  East,	  NSW,	  at	  farm/AU	  U	   kg	   Material	  

Wheat,	  Darling	  Downs,	  QLD,	  at	  farm/AU	  U	   kg	   Material	  

Wheat,	  High	  Rainfall	  Zone,	  SA,	  at	  farm/AU	  U	   kg	   Material	  

Wheat,	  Kellerberrin	  region,	  WA,	  at	  farm/AU	  U	   kg	   Material	  

Wheat,	  Low	  Rainfall	  Zone,	  SA,	  at	  farm/AU	  U	   kg	   Material	  

Wheat,	  Medium	  Rainfall	  Zone,	  SA,	  at	  farm/AU	  U	   kg	   Material	  

Wheat,	  Narrogin	  region,	  WA,	  at	  farm/AU	  U	   kg	   Material	  

Wheat,	  no-‐till,	  Central	  QLD,	  at	  farm/AU	  U	   kg	   Material	  

Wheat,	  North	  West	  NSW,	  at	  farm/AU	  U	   kg	   Material	  

 

The grain production involves numerous industry specific tractor processes for which inventories were 
developed and are listed inTable 38.  
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Table	  38:	   Broadacre	  supporting	  inventories	  

 

Horticulture 

Table 39 lists the inventories developed for the horticulture sector. 

Nine horticultural crops were identified as priority commodities for inventory development by HAL. 
In the case of crops like avocado and banana, the production process is in two stages: one stage for 
land preparation or plantation establishment, one stage for the pick production period. In these cases, 
one inventory per stage was produced, that are further combined in the commodity inventory. 

NAME	   UNIT	   TYPE	  

Cultivating,	  broadacre	  crop/AU	  U	   ha	   Processing	  

Disc	  ploughing,	  broadacre	  crop/AU	  U	   ha	   Processing	  

Fertilizing,	  broadacre	  crop,	  pre	  &	  post-‐emergence/AU	  U	   ha	   Processing	  

Grader	  operation,	  broadacre	  crop,	  medium	  load	  factor/AU	  U	   ha	   Processing	  

Grain	  collection,	  broadacre,	  in-‐field	  with	  tractor+bin/AU	  U	   ha	   Processing	  

Harvesting,	  broadacre	  crop,	  combine	  <200kW/AU	  U	   ha	   Processing	  

Hay	  baling,	  large	  square	  bales,	  broadacre	  crop/AU	  U	   ha	   Processing	  

Hay	  baling,	  round	  bales,	  broadacre	  crop/AU	  U	   ha	   Processing	  

Hay	  baling,	  small	  square	  bales,	  broadacre	  crop/AU	  U	   ha	   Processing	  

Hay	  mowing,	  broadacre	  crop/AU	  U	   ha	   Processing	  

Hay	  raking,	  broadacre	  crop/AU	  U	   ha	   Processing	  

Liming,	  broadacre	  crop,	  pre	  &	  post-‐emergence/AU	  U	   ha	   Processing	  

Planting,	  broadacre	  crop,	  soil	  clay	  content	  >20%/AU	  U	   ha	   Processing	  

Planting,	  broadacre	  crop,	  soil	  clay	  content	  0-‐10%/AU	  U	   ha	   Processing	  

Planting,	  broadacre	  crop,	  soil	  clay	  content	  10-‐20%/AU	  U	   ha	   Processing	  

Scarifiying,	  broadacre	  crop/AU	  U	   ha	   Processing	  

Spraying,	  aerial,	  broadacre	  crop/AU	  U	   ha	   Processing	  

Spraying,	  broadacre	  crop,	  pre	  &	  post-‐emergence/AU	  U	   ha	   Processing	  

Windrowing,	  broadacre	  crop/AU	  U	   ha	   Processing	  
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Table	  39:	   List	  of	  inventories	  developed	  for	  the	  horticulture	  sector	  

NAME	   UNIT	   TYPE	  

Avocado,	  Hass,	  Brisbane	  Moreton,	  growing	  to	  harvest/AU	  U	   Ha	  a	   Material	  

Avocado,	  Hass,	  Brisbane	  Moreton,	  harvested,	  at	  farm/AU	  U	   kg	   Material	  

Avocado,	  Hass,	  Brisbane	  Moreton,	  orchard	  establishment/AU	  U	   ha	   Material	  

Banana,	  Cavendish,	  Wet	  tropics,	  harvested,	  at	  farm/AU	  U	   kg	   Material	  

Banana,	  Cavendish,	  Wet	  tropics,	  plant	  cycle/AU	  U	   ha	   Material	  

Banana,	  Cavendish,	  Wet	  tropics,	  ratoon	  cycle/AU	  U	   ha	   Material	  

Broccoli,	  winter,	  Lockyer	  Valley,	  harvested,	  at	  farm/AU	  U	   kg	   Material	  

Capsicum,	  Burdekin,	  harvested,	  at	  farm/AU	  U	   kg	   Material	  

Lettuce,	  winter,	  Lockyer	  Valley,	  harvested,	  at	  farm/AU	  U	   kg	   Material	  

Potato,	  Lockyer	  Valley,	  harvested,	  at	  farm/AU	  U	   kg	   Material	  

Strawberry,	  Brisbane	  Moreton,	  harvested,	  at	  farm/AU	  U	   kg	   Material	  

Sweet	  corn,	  Lockyer	  Valley,	  harvested,	  at	  farm/AU	  U	   kg	   Material	  

Tomato,	  trellis,	  Burdekin,	  harvested,	  at	  farm/AU	  U	   kg	   Material	  

Almonds,	  Unshelled,	  South	  Australia/AU	  U	   kg	   Material	  

Almonds	  orchard	  establishment,	  South	  Australia/AU	  U	   kg	   Material	  

Almond	  kernels,	  at	  huller	  and	  sheller/AU	  U	   kg	   Material	  

 

In addition to those selected commodities, inventories were developed for tractor processes as well as 
for consumables and fertilisers commonly used in their production and these are listed in Table 40. 
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Table	  40:	   Horticulture	  supporting	  inventories	  

NAME	   UNIT	   TYPE	  

Expanded	  vermiculite,	  at	  plant/CH	  U	   kg	   Material	  

Green	  manure	  seeds/AU	  U	   kg	   Material	  

Peat,	  imported	  /AU	  U	   kg	   Material	  

Plastic	  bag,	  banana	  bunch	  cover/AU	  U	   p	   Material	  

Plastic	  Mulch,	  25micron,	  at	  plant	  /AU	  U	   m2	   Material	  

Potting	  mix	  production	  and	  application,	  for	  seedlings/AU	  U	   l	   Material	  

Seedling,	  for	  transplant,	  at	  nursery/AU	  U	   p	   Material	  

Wheat	  straw,	  for	  mulching/AU	  U	   kg	   Material	  

Wire,	  for	  fencing,	  trellis,	  gates,	  at	  regional	  storehouse	  /AU	  U	   kg	   Material	  

Air	  blast	  spraying,	  orchards/AU	  U	   ha	   Processing	  

Bed	  forming,	  horticulture/AU	  U	   ha	   Processing	  

Boom	  spraying,	  horticulture,	  pre	  &	  post-‐emergence/AU	  U	   ha	   Processing	  

Cultivating,	  large	  implement,	  horticulture/AU	  U	   ha	   Processing	  

Cultivating,	  medium	  implement,	  horticulture/AU	  U	   ha	   Processing	  

Fertiliser	  side	  dressing,	  horticulture/AU	  U	   ha	   Processing	  

Fertiliser	  spreading,	  horticulture/AU	  U	   ha	   Processing	  

Harrowing,	  horticulture/AU	  U	   ha	   Processing	  

Harvesting,	  specialised	  machine,	  horticulture,	  150	  kW	  combine/AU	  U	   ha	   Processing	  

Inter-‐row	  cultivation,	  horticulture/AU	  U	   ha	   Processing	  

Inter-‐row	  tractor,	  horticulture/AU	  U	   ha	   Processing	  

Offset	  disc	  harrowing,	  horticulture/AU	  U	   ha	   Processing	  

 

Cotton 

Table 41 shows the list the inventories developed for the cotton industry. 

Four regions were identified as the appropriate breakdown of the cotton industry into growing regions.  
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Table	  41:	   List	  of	  inventories	  developed	  for	  the	  cotton	  industry	  

NAME	   UNIT	   TYPE	  

Cotton,	  RoundUp	  Ready	  Flex	  Bollgard	  II,	  irrigated,	  Central	  zone/AU	  U	   kg	   Material	  

Cotton,	  RoundUp	  Ready	  Flex	  Bollgard	  II,	  irrigated,	  Northern	  zone/AU	  U	   kg	   Material	  

Cotton,	  RoundUp	  Ready	  Flex	  Bollgard	  II,	  irrigated,	  Southern	  zone/AU	  U	   kg	   Material	  

Cotton,	  RoundUp	  Ready	  Flex	  Bollgard	  II,	  dryland,	  Central	  zone/AU	  U	   kg	   Material	  

Cotton,	  seed	  cotton,	  Australia,	  at	  farm/AU	  U	   kg	   Material	  

Cotton,	  ginning/AU	  U	   kg	   Processing	  

Cotton,	  lint,	  at	  gin/AU	  U	   kg	   Material	  

Cotton,	  seed,	  at	  gin/AU	  U	   kg	   Material	  

 

Cotton supporting inventories  

In addition to those regions, inventories were developed for specific cotton tractor processes which are 
listed in Table 42. 

Table	  42:	   Cotton	  supporting	  inventories	  

NAME	   UNIT	   TYPE	  

Bed	  forming,	  cotton/AU	  U	   ha	   Processing	  

Boom	  spraying,	  cotton/AU	  U	   ha	   Processing	  

Cultivating,	  cotton/AU	  U	   ha	   Processing	  

Discing,	  cotton/AU	  U	   ha	   Processing	  

Fertiliser	  spreading,	  cotton/AU	  U	   ha	   Processing	  

Fertiliser	  application,	  cotton/AU	  U	   ha	   Material	  

Havesting	  basket	  cotton	  picker/AU	  U	   ha	   Processing	  

Levelling,	  cotton/AU	  U	   ha	   Processing	  

Mulching,	  cotton/AU	  U	   ha	   Processing	  

Round	  bale	  cotton	  picking/AU	  U	   ha	   Processing	  

Planting,	  cotton/AU	  U	   ha	   Processing	  

Rolling,	  cotton/AU	  U	   ha	   Processing	  

Root	  cutting,	  cotton/AU	  U	   ha	   Processing	  

Spraying,	  aerial,	  cotton/AU	  U	   ha	   Processing	  
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