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Glossary 
Term Definition 

Allocation Partitioning the input or output flows of a process or a product system between 
the product system under study and one or more other product systems 
(ISO 14040). 

Biogenic carbon Carbon derived from biomass (ISO/TS 14067). 

Carbon dioxide equivalent 
(CO2 eq., CO2 e) 

Unit for comparing the radiative forcing of a greenhouse gas to that of carbon 
dioxide (ISO/TS 14067). 

Carbon footprint Sum of greenhouse gas emissions and removals in a product system, 
expressed as CO2 equivalents and based on a life cycle assessment using the 
single impact category of climate change (ISO/TS 14067). 

Characterisation factor Factors derived from a characterisation model are applied to convert an 
assigned life cycle inventory analysis result to the common unit of the category 
indicator (ISO 14040). 

Direct land use change 
(dLUC) 

Change in human use or management of land within the product system being 
assessed (ISO/TS 14067). 

Eutrophication The process by which a body of water becomes enriched in dissolved nutrients 
(as phosphates) that stimulate the growth of aquatic plant life usually resulting 
in the depletion of dissolved oxygen (Merriam-Webster.com 2016). 

Fossil carbon Carbon which is contained in fossilised material (ISO/TS 14067). 

Functional unit Quantified performance of a product system for use as a reference unit 
(ISO 14040). 

Global warming potential 
(GWP) 

Characterisation factor describing the radiative forcing impact of one mass-
based unit of a given greenhouse gas relative to that of carbon dioxide over a 
given period of time (ISO/TS 14067). 

Greenhouse gas (GHG) Natural or anthropogenic gaseous constituent of the atmosphere that absorbs 
and emits radiation at specific wavelengths within the spectrum of infrared 
radiation emitted by the earth’s surface, the atmosphere, and clouds 
(ISO 13065). 

Impact category Class representing environmental issues of concern to which life cycle 
inventory analysis results may be assigned (ISO 14044). 

Indirect land use change 
(iLUC) 

Change in the use or management of land that is a consequence of direct land 
use change, but which occurs outside the product system being assessed 
(ISO/TS 14067). 

Land use change (LUC) A change in human use or management of land. 

Life cycle assessment (LCA) Compilation and evaluation of the inputs, outputs and the potential 
environmental impacts of a product system throughout its life cycle 
(ISO 14040). 

Life cycle impact 
assessment (LCIA) 

Phase of life cycle assessment aimed at understanding and evaluating the 
magnitude and significance of the potential environmental impacts for a 
product system throughout the life cycle of the product (ISO 14040). 

Life cycle inventory (LCI) Phase of life cycle assessment involving the compilation and quantification of 
inputs and outputs for a product throughout its life cycle (ISO 14040). 

Multi-functionality and co-
products 

Refers to a process that creates multiple products or functions. Products often 
thought of as waste can also be thought of co-products if they provide some 
function or value. 

System boundary Set of criteria specifying which unit processes are part of a product system 
(ISO 14040). 

System expansion  Recommended ISO 14040 method for avoiding allocation. This is done by 
‘expanding the product system to include the additional functions related to the 
co-products’ (ISO 14044), note also that Annex H in 13065 gives guidance on 
application of system expansion. 
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1 Executive summary 

1.1 Method 

This report aims to provide insights into the greenhouse gas benefits and broader sustainability impacts of 
current and potential biofuels in Queensland. The sustainability credentials of biofuels have become more 
important recently with the implementation of the Queensland biofuel mandate. 

Life cycle assessment (LCA) is a methodology for quantifying the impacts of products and services across 
multiple environmental indicators and is standardised in the international standards ISO 14040 and ISO 14044 
(International Organization for Standardization 2006, International Organization for Standardization 2006). 
This study, using the methodology outlined in those standards, followed the draft requirements for biofuels and 
bioenergy assessments currently being developed by the Australian Renewable Energy Agency (ARENA). 

There are many co-products involved in the biofuel supply chain. Some of the feedstocks used to make biofuels 
are co-products (such as molasses and tallow), and during biofuel production there are many co-products 
produced (such as canola meal, and glycerine). A range of approaches is available for dealing with co-products 
in LCA. System expansion was chosen as the approach for this study, which uses a substitution approach with 
competing products to credit or debit the biofuel system. This approach was selected as it better represents 
the reality of the many co-products being used and generated the biofuels arena. Alternative approaches such 
as apportioning impacts based on the economic and energy content of the products have been provided as a 
sensitivity analysis.  

The study examined 12 fuels including four sources of ethanol, six sources of biodiesel and two fossil fuels, 
as shown in Table 1. 

Table 1 Scenarios for the LCA. 

Scenario name Description 

Ethanol fuels   

E.Molasses Ethanol from molasses from Sarina based on the process operation by Wilmar 

E.Sorghum Ethanol from sorghum based on Dalby Bio-Refinery  

E.Starch&Wheat Ethanol production from Manildra from mix of starch waste and wheat grain 

E.Cellulose Ethanol form cellulose (from sugarcane, agricultural waste) with cogeneration 

Biodiesel fuels  

BD.Tallow Biodiesel produced from used tallow, sourced from Queensland 

BD.UCO Biodiesel produced from used cooking oil (UCO) collected in Queensland 

BD.Canola Biodiesel produced from canola grown in Queensland and New South Wales 

BD.Palm Biodiesel produced from palm oil from Malaysia 

BD.Soybean Biodiesel produced from irrigated soybeans grown in Queensland 

BD.Pongamia Biodiesel produced from pongamia grown in Australia 

Fossil fuels  

RULP Regular unleaded petrol (91 RON) supplied into Queensland 

Diesel Low sulphur diesel supply to Queensland 

 

The fuels assessed as the most likely blends were, for ethanol, a 10% blend of ethanol with unleaded petrol 
(E10) and, for biodiesel, a 5% blend of biodiesel with low sulphur diesel (B5). As blended fuels, there is no 
modification required to most vehicles or to fuel delivery infrastructure. A sensitivity analysis was undertaken 
to see if the results changed when 85% ethanol (E85) and 100% biodiesel (B100) were used. 

The environmental indicators included in the study were selected as the most important indicators likely to be 
affected by biofuel and fossil fuel production and use. They are described in Table 2. 
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Table 2 Impact assessment indicators used in this LCA. 

Indicator Description/reason for inclusion 

Global warming Global warming is caused by increased concentrations of heat trapping gases in the 
atmosphere and is the highest profile environmental threat facing human 
populations. Measured in kg of CO2 eq. 

Fossil energy Fossil energy includes all energy resources extracted and used in any way. This 
indicator is important to demonstrate the extent to which biofuels offset reliance on 
fossil fuels. Measured in MJ lower heating value. 

Eutrophication Eutrophication involves algal growth from nutrient enrichment in freshwater and 
marine environments. Emission of nitrogen and phosphorus contribute with the 
model being based on the relative nutrient. Measured in kg PO4

-3 eq. 

Particulate matter 
(PM) 

This impact category looks at the health impacts from particulate matter for PM10 
and PM2.5. This is one of the most dominant immediate risks to human health as 
identified in the global burden of disease. Measured in grams PM2.5. 

Land use The method is based on the increase or decrease in soil organic matter (SOM) as a 
function of land use change (LUC) and land use occupation.  

Water scarcity Water extracted directly from the environment, thereby competing with 
environmental and other human requirements for water weighted by regional water 
stress factors. Measured in cubic metres equivalents.  
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1.2 Results 

Table 3 shows the impacts of replacing one litre of regular unleaded petrol (RULP) and diesel with ethanol and 
biodiesel respectively, using different feedstocks. Figure 1 shows the same results, with the largest impact of 
any indicator being set to 100% to illustrate relative impacts.  

The results show the global warming benefits from replacing RULP with ethanol ranged from 0.69 to 2.28 kg 
CO2 eq./litre of RULP replaced, which compares with the impact of one litre of RULP used in a vehicle which 
is 2.97 kg CO2 eq. The savings for bioethanol was therefore between 23% and 77%. 

For biodiesel, the global warming benefits ranged from 1.74 to 2.91 kg CO2 eq./litre of diesel replaced with 
biodiesel. This compares with the impact of using one litre of diesel, which is 3.38 kg CO2 eq., which means 
the savings for biodiesel ranged from 52% to 86%.  

All assessed biofuels lead to reductions in fossil fuel depletion, although the amount of the reduction ranged 
from 13 to 45 MJ/litre of biofuel. Eutrophication impacts increased for all biofuels with the highest impacts 
arising from biodiesels. Particulate matter also increased for most biofuels with the exception of biodiesel from 
soybeans and pongamia. Biodiesel from canola and ethanol from sorghum had the highest land use impacts 
as they are based on dedicated crop production. The mix of co-production produced by biodiesel from tallow, 
used cooking oil (UCO) and oil palm lead to a small but negative land use impact. Water scarcity was only an 
issue with irrigated soybeans as none of the other feedstocks used significant irrigation. As expected, the use 
of any feedstock derived from agriculture, even as a by-product, had a higher impact on land use compared 
with the extraction and processing of fossil fuel counterparts. 

 

Table 3 Impacts of replacing one litre of RULP and diesel with biofuel. 

Indicator Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land 
use 

Water scarcity 

Unit kg 
CO2 eq. 

MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

E.Molasses -1.35 -28.1 3.24 0.82 31.3 6.08 

E.Sorghum -0.694 -13.4 3.71 0.139 64.2 7.02 

E.Starch&Wheat -1.01 -20 4.14 0.443 52 -0.655 

E.Cellulose -2.28 -37 0.163 0.167 -5.86 0.954 

BD.Tallow -2.91 -45.9 11.7 2.14 -4.6 -19.8 

BD.UCO -2.91 -45.9 11.7 2.14 -4.6 -19.8 

BD.Canola -1.74 -23.8 11.6 0.755 141 1.46 

BD.OilPalm -2.7 -43.8 13.6 2.46 -4.15 12.5 

BD.Soybean -1.97 -28.1 8.04 -0.36 36.1 1212 

BD.Pongamia -2.61 -39.7 0.703 -0.585 36 -0.496 
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Figure 1 Results for replacing one litre of RULP and diesel with biofuel. 

Figure 2 provides a breakdown of the impact on the global warming indicator for each of the fuels assessed. 
The absorption of carbon dioxide in the production of biofuel feedstocks, combined with avoided fossil fuel 
production, represented the main positive impacts of biofuel production and use. This was in part offset by 
other impacts of feedstock production and biofuel processing.  

The difference between the impacts of the ethanol feedstocks was in part due to the impact of producing (or 
replacing) the feedstock. The other major influence in ethanol production was the energy use and source of 
energy used. Both ethanol from molasses and ethanol from cellulose have biomass energy that reduces the 
impact of distillation.  

 

 

Figure 2 Global warming results for replacement of one litre of RULP and diesel with biofuel. 
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1.3 Summary 

The study clearly shows that all biofuels currently in the market deliver greenhouse gas benefits and help 
reduce our reliance on fossil fuels, through reduction in overall demand for gasoline and diesel. In general, 
biodiesels had greater global warming and fossil fuel reduction benefits than ethanol; however, biodiesels also 
tended to have greater negative impacts in other areas, such as nutrient run-off and release of particulate 
matter.  

The study also shows that the demand on agriculture systems was higher for fuels with dedicated feedstocks 
and typically lower when by-products can be utilised (such as cellulose waste). However, for fuels with 
dedicated feedstocks, the production of high value co-products, which are typically used in food production, 
substantially reduced their impacts.  

The land use and water quality impacts in Queensland were smaller than expected with most dedicated crops 
(canola, sorghum, pongamia, wheat) coming from dryland regions in Queensland, with reduced or low till 
agriculture.  

Of interest in the study was the influence of bioenergy in the feedstock production process and in the biofuel 
production process. This relates to larger issues in the areas of bio-refining and the bio-economy, which were 
articulated in the Queensland Government’s June 2015 discussion paper on the biofuels mandate and the 
June 2016 Queensland Biofutures 10-Year Roadmap and Action Plan. This LCA shows that there may be 
benefits in taking an integrated approach to biofuel development and examining the production of multiple 
outputs that can help provide environmental savings while diversifying revenue streams. 
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2 Introduction 
Over the past 15 years, government, industry and researchers have undertaken substantial life cycle 
assessment (LCA) work on biofuels in Australia. However, studies over the past five years have been sporadic 
and there are no publicly available, consistent baseline data that can be used to compare current biofuels with 
their conventional alternatives. 

With the implementation of the biofuel mandate in Queensland, verification of the greenhouse gas credentials 
of current biofuels in the market is needed. It is also important to better understand the performance of the 
next generation of biofuels that are likely to become part of the biofuel supply in the future. 

Within current biofuel production systems, there is a need to understand of the impacts of good agricultural 
practice (GAP) on the overall environmental profile of biofuels where this can be determined. It is also important 
to understand whether the production of biofuels compromises other environmental objectives, locally and 
internationally. 

Lifecycles was commissioned to undertake an LCA by the Department of Environment and Heritage Protection. 
The study has been undertaken following the ISO 14040 and ISO 14044 guidelines and in line with the draft 
requirements for biofuels and bioenergy assessments established by the Australian Renewable Energy 
Agency (ARENA). 
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2.1 Life cycle assessment 

LCA is a methodology for assessing the full ‘cradle-to-grave’ environmental benefits of products and processes 
by assessing environmental flows (i.e. impacts) at each stage of the life cycle. LCA aims to include all important 
environmental impacts for the product system being studied. In doing so, LCA seeks to avoid shifting impacts 
from one life cycle stage to another or from one environmental impact to another. 

The framework and principals of LCA are described in the international standard ISO 14040 (International 
Organization for Standardization 2006). The general structure of the LCA framework is shown in Figure 3. 
Each stage of the LCA interacts with other stages. The specific requirements for LCA are defined by ISO 14044 
(International Organization for Standardization 2006). 

 

Figure 3 Framework for life cycle assessment. 

 

The first stage (goal and scope), describes the reasons for the LCA, scenarios, boundaries, indicators and 
other methodological approaches used. The second stage (inventory analysis), builds a model of the 
production systems involved in each scenario and describes how each stage of the production process 
interacts with the environment. The third stage (impact assessment), assesses the inventory data against key 
indicators to produce an environmental profile of each scenario. The final stage (interpretation), analyses the 
results and undertakes systematic checks of the assumptions and data to ensure robust results. 
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3 Goal 

3.1 Reason for the study 

The study was undertaken to quantify the environmental impacts and benefits of various biofuels that may play 
a role in fulfilling the biofuel mandate in Queensland. The study included biofuels currently produced in 
Queensland as well as potential future biofuels from a variety of feedstocks.  

The environmental impacts studied were limited to those that have the greatest impact on fossil and biofuel 
production and utilisation, and those of most relevance to government policy. These include global warming, 
fossil fuel depletion, impacts of phosphorus and nitrogen on eutrophication (excessive nutrient run-off), 
particulate matter, land use and water use.  

The results are intended to support policy development within the Queensland Government and support 
communication around the implementation of the biofuel mandate. More broadly, the LCA provides an update 
to the national biofuel emissions values of biofuels, which have not been systematically studied since the 
Comparison of Transport Fuels (Beer, Grant et al. 2001) and the report on the 350 ML biofuel target (CSIRO 
(Commonwealth Scientific and Industrial Research Organisation), BTRE (Bureau of Transport and Regional 
Economics) et al. 2003). 

3.2 Audience 

The primary audience for the study is the Queensland Government and the Queensland public. The report 
may also be a valuable resource for the biofuels industry and the transport sector. As the fuels analysed in the 
study cover a range of Australian producers, the audience may also include other government agencies and 
stakeholders in Australia. 
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4 Scope 

4.1 Function 

LCA studies compare different ways of delivering a common function or service. In this LCA, the function was 
the supply of high-density liquid fuels suitable for use in the current vehicle fleet in Queensland. The role of 
liquid fuels is changing. In the Clean Energy Future and Government Policy scenarios prepared by CSIRO 
(Reedman and Graham 2011), biofuels were expected to be an increasing and significant part of the transport 
energy future, especially during the transition to electric alternatives. Liquid fuels are required for compression 
ignition engines (CIE), which typically use diesel fuels, and spark ignition engines (SIE), which use gasoline 
fuels.  

Diesel fuels require flow characteristics that can cope with cold weather, a minimum sulphur content and a 
minimum cetane index. These characteristics are outlined in the Fuel Standard (Automotive Diesel) 
Determination (2009). 

The specification for petrol-blended fuels must meet standards for maximum volatility and minimum research 
oxygen number (RON), as well as limits on benzene and sulphur content. These characteristics are outlined 
in the Fuel Standard (Petrol) Determination (2008). 

The use of fuels for aviation was not included in this LCA. Vegetable based oils have been tested for use in 
aviation; however, the processing of the fuel is different to diesel production. For this reason, the results of the 
study would not accurately reflect the use of the same feedstocks in aviation, but given the relatively low 
contribution which biofuel conversion adds to the life cycle, the results would not be drastically different.  
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4.2 Functional unit 

The functional unit defines the common basis for comparison of alternative options being assessed. It also 
defines the scale of the unit being compared. Because diesel and petrol function differently in terms of engine 
performance, and the aim of this study was not to examine this difference, two separate functional units were 
used: 

 Operation of passenger vehicle with petrol (spark ignition) engine travelling 184 km in 
Queensland. 

 Operation of passenger vehicle with a diesel (compression ignition) engine travelling 365 km 
in Queensland. 

For the petrol engine, the chosen distance represents the amount of fuel use required to replace one litre of 
petrol with ethanol when using a 10% blend by volume (E10) as this is the most likely retail fuel blend to be 
used in Queensland the near term. 

 

Figure 4 Scenario for replacement of one litre of RULP with bioethanol using E10 in passenger vehicle. 

 

Similarly, the chosen distance for the diesel engine represents the amount of fuel use required to replace one 
litre of diesel with an equivalent amount of biodiesel when using a 5% blend by volume (B5) as this is the most 
likely retail fuel blend to be used in Queensland in the near term. 

 

Figure 5 Scenario for replacement of one litre of diesel with bioethanol using B5 in passenger vehicle. 

The results in the main part of the report are shown as the impact of replacing one litre of fossil fuel with biofuel. 
This was done to provide the maximum insight to the differences between fuels. In Appendix D, results are 
shown per km of travel, and per GJ of fuel use. 
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4.3 Fuel scenarios included 

Twelve fuel scenarios were assessed (listed in Table 4). They include four ethanol ‘pathways’ (i.e. ethanol 
produced from different feedstocks), six biodiesel pathways and two fossil fuels.  

Table 4 List of current fuels to be assessed. 

Scenario 
Type 

Scenario name Fuel  Description 

Ethanol E.Molasses Wilmar ethanol from 
molasses from 
Sarina 

Based on current production with molasses used 
as the feedstock. Distillation energy is a 
combination of bagasse energy, coal and 
dehydration by molecular sieve. 

Ethanol E.Sorghum Ethanol from 
sorghum based on 
Dalby Bio-Refinery  

Based on current production with sorghum grain 
used as the feedstock for ethanol and dried 
distiller’s grains and solubles (DDGS) as high 
protein animal feed. Distillation energy a 
combination of natural gas and dehydration by 
molecular sieve. 

Ethanol E.Starch&Wheat Ethanol production 
from wheat starch 
waste and wheat 
grain 

Based on ethanol production from wheat starch 
waste (60%) and wheat grain 40% based on 
production approach at Manildra in NSW. 
Distillation energy a combination of natural gas 
and coal and dehydration by molecular sieve. 

Ethanol E.Cellulose Cellulose (from 
sugarcane, 
agricultural waste,) 
with cogeneration 

Based on proposed production of ethanol from 
cellulosic material using enzyme conversion. 
Data from published study and via direct 
communication with Australian proponents. 

Fossil fuel RULP Regular unleaded 
petrol (91 RON) 

Based on current supply mix for Australian 
regular unleaded petrol (91 RON). 

Biodiesel BD.Tallow Biodiesel produced 
from used tallow 

Based on current production from Eco Tech but 
assuming 100% of the feedstock is from 
biodiesel from tallow. 

Biodiesel BD.UCO Biodiesel produced 
from used cooking oil 
collected in 
Queensland 

Based on current production from Eco Tech but 
assuming 100% of feedstock is from used 
cooking oil. 

Biodiesel BD.Canola Biodiesel produced 
from Australian 
canola 

Based on canola grown in Queensland and 
NSW and transported to Eco Tech for 
processing. 

Biodiesel BD.Palm Current production of 
palm oil from 
Malaysia 

Based on palm oil data published in ecoinvent. 
Including bioenergy production from palm oil 
waste. 

Biodiesel BD.Soybean Biodiesel production 
from Australian 
soybeans 

Based on current soybean production in 
Australia and a typical conversion. 

Biodiesel BD.Pongamia Biodiesel production 
from pongamia 

Based on possible production of Pongamia and 
a typical conversion based on literature study. 

Fossil Fuel Diesel Diesel supply to 
Queensland 

Based on current supply mix for Australian low 
sulphur diesel. 
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4.4 System boundary 

The system boundary describes the life cycles, stages and processes included in the LCA. In this study, the 
function was the supply of liquid fuels to the transport sector. Typically, system boundaries should include 
everything that is substantially affected by demand for the fuels. This includes extraction and production 
processes and any additional activities required to make each option functionally equivalent. It also includes 
the effects of co-products along the supply chain. 

4.4.1 Included processes 

The LCA included fuel production activities, including extraction, storage and transport, as well as refining of 
fuels (Figure 6). For inputs derived from crops or other biomass, all farming and harvesting operations were 
included. Also included were inputs to fuel refining, dehydration, blending and transport. Infrastructure 
elements such as plant and construction were also included, based on general models rather than primary 
data collection. 

4.4.2 Excluded processes 

The system boundary excluded processes that are common to all options assessed and are therefore not 
affected by the choice of option. Excluded processes were fuel dispensing, vehicle production and vehicle 
maintenance (including oils and servicing), based on the assumption that all options use the same vehicles 
and infrastructure. 

 

Figure 6 System boundary for the LCA of methanol blended fuels. 
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4.4.3 Cutoff criteria 

The system boundary allowed for the exclusion from the inventory of any flows expected to be less than 1% 
of any impact category. A cutoff criterion of 1% of mass or energy flows was allowed for with the aim that not 
more than 5% of flows were excluded from the study. For small flows, estimates were used in preference to 
exclusion, where possible.  

4.5 Flows included in the LCA 

Figure 7 shows the characterisation of flows included in the LCA. These included flows to and from the 
environment as well as flows to and from other technical processes (the technosphere). All flows were defined 
in relation to the functional unit of each process (see 3.2 above). 

 

 

Figure 7 Inputs and outputs of a unit process in LCA. 

 

The only water use included in the study was water extracted from groundwater, rivers, lakes and natural or 
man-made water storages. Rainfall onto agricultural land was not included (consistent with the impact method 
used in (Pfister, Koehler et al. 2009)). Water use was identified within one of 36 catchments used in the 
Australian best practice recommended impact assessment guideline (Renouf, Grant et al. 2016). 
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5 Inventory analysis 
Inventory analysis is the stage of the LCA in which the system being studied is broken up into unit processes. 
The unit processes can be categorised into foreground unit processes and background unit processes. The 
foreground processes are those for which specific data are collected for the study. Background processes are 
those for which data are typically sourced from pre-existing studies and databases. The background data are 
either less important to the study outcomes or are already well-characterised in the existing data sets and 
therefore do not warrant specific modelling. In some instances, background unit processes may be modified 
to better suit the conditions of the study. Figure 8 shows how unit processes were linked to create a system 
that produces the functional unit of the study. The following sections outline the sources of the background 
and foreground inventory data. 
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Figure 8 The linking of unit process in an LCA to produce the functional unit. 
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5.1 Foreground data 

Table 5 provides a summary of the foreground inventory data sources. Data were sourced directly from 
companies in the case of ethanol production, with missing data derived from published company data. Where 
company data were not available, the study used public data, LCA datasets and external studies.  

Table 5 Summary of inventory data for foreground processes in the LCA. 

Scenario name Fuel scenario Comment 

E.Molasses Molasses production Sugar production data from the Australian National Life Cycle 
Inventory Database (AusLCI) (ALCAS 2016), which is based on 
Renouf (Renouf 2011). 

E.Molasses Ethanol production Data supplied by Wilmar. 

E.Sorghum Sorghum Average of 4 years of Australian Bureau of Statistics (ABS) 
production statistics with nitrogen predicted from yield based on data 
(Baldock 2012). 

E. Sorghum Ethanol production  Ethanol from sorghum based on Dalby Bio-Refinery data. 

E.Starch&Wheat Wheat Average of 4 years of ABS production statistics with nitrogen 
predicted from yield based on data (Baldock 2012). 

E.Starch&Wheat Wheat starch waste From AusLCI (ALCAS 2016) using data from ecoinvent on starch 
production. 

E.Starch&Wheat Ethanol production  Based on data from Manildra upgrades by GHD Australia Pty Ltd in 
2008 (GHD 2008). 

RULP Fuel production Import data from Australian Institute of Petroleum (AIP) (AIP 2013) 
with underlying refining data from modified ecoinvent database 
(ecoinvent Centre 2010, ALCAS 2016). 

BD.Tallow Beef production Beef production data (Holmes, Sullivan et al. 2011). 

BD.Tallow Sorghum and lupins Average of 4 years of ABS production statistics with nitrogen 
predicted from yield based on data (Baldock 2012). 

BD.Tallow Biodiesel production ecoinvent (Weidema, Bauer et al. 2013) data with modifications 
based Australian inputs. 

BD.UCO Canola oil production Average of 4 years of ABS production statistics with nitrogen 
predicted from yield based on data (Baldock 2012). 

BD.UCO Biodiesel production ecoinvent (Weidema, Bauer et al. 2013) data with modifications 
based Australian inputs. 

BD.Canola Biodiesel produced 
from Australian canola 

Based on canola grown in Queensland and NSW and transported to 
Eco Tech for processing. Data collection via AusAgLCI data on 
canola production. Canola meal is used as high protein meal. 

BD.Canola Biodiesel production ecoinvent (Weidema, Bauer et al. 2013) data with modifications 
based Australian inputs. 

BD.OilPalm Current production of 
palm oil from Malaysia 

Based on palm oil data published in ecoinvent. Including bioenergy 
production from palm oil waste. 

BD.OilPalm Biodiesel production ecoinvent (Weidema, Bauer et al. 2013) data with modifications 
based on input from Eco Tech Australia. 

BD.Pongamia Pongamia production (Bobade and Khyade 2012) (Chandrashekar, Mahesh et al. 2012). 

BD.Pongamia Biodiesel production ecoinvent (Weidema, Bauer et al. 2013) data with modifications 
based Australian inputs. 

Diesel Diesel supply to 
Queensland 

Import data from AIP (AIP 2013) with underlying refining data taken 
from modified ecoinvent database (ecoinvent Centre 2010, ALCAS 
2016). 

Tailpipe emission  All processes Emission data from passenger vehicles from the Greet model 
(Elgowainy, Dieffenthaler et al. 2013). 

 
A more detailed description of the unit process data for the foreground processes is provided in Appendix A. 
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5.2 Background data 

While hundreds of background processes contributed to the LCA, the most important processes were those 
that affected the results or those that were modified from the original source to better represent an input to this 
LCA. These background processes, data sources and modifications are summarised in Table 6. 

Table 6 Summary of inventory data for major background processes in the LCA. 

Process/emission Data source 

Natural gas supply Data are based on national statistics released by ABARE (ABARE 2011), energy 
industry data (Energy Supply Association Australia 2012) and the National 
Greenhouse Account Factors (DIICCSRTE 2013). 

Electricity supply Australian electricity supply disaggregated by state using data from (Department of 
the Environment 2014) and (Electricity Supply Association of Australia 2012). 
(ALCAS 2016). 

Process chemicals Background chemicals which are not part of AusLCI were modelled from ecoinvent 
2.2 modified with AusLCI inventory data. (ALCAS 2016). 

Fertiliser, pesticides, 
tractor emissions 

ecoinvent 2.2 data (ecoinvent Centre 2010) with minor upstream flows from AusLCI 
where available. (ALCAS 2016). 

5.3 Multi-functionality 

Multi-functionality occurs when a single process or group of processes produces more than one usable output 
(i.e. co-product). Co-products typically have an economic output (e.g. molasses), although many co-products 
have zero economic value but may still be beneficial (e.g. fly ash from power generation). 

Because in LCA it is necessary to identify the impacts of single products, it is necessary to separate the impact 
of co-products arising from multifunction processes. 

For this LCA there were many co-products used and produced in the production of petroleum fuels, ethanol 
and biodiesel. In fact, the drive to produce fuels from non-food sources encourages fuel producers to use 
waste and co-products from other sectors in their production.  

The ISO 14044 LCA standard provides a four-step hierarchy for solving the issue of multi-functionality: 

 1a Avoid allocation by subdividing systems – wherever possible, allocation should be avoided by 
dividing the unit process into sub-processes. 

 1b Avoid allocation by system expansion – expanding the product system to include the additional 
functions related to the co-products. 

 2 Allocation by underlying physical relationships – the inputs and outputs of the system should be 
partitioned between its different products or functions in a way that reflects the underlying physical 
relationships between them. 

 3 Allocation between co-products – the inputs should be allocated between the products and functions 
in a way that reflects other relationships between them. For example, data may be allocated between 
co-products in proportion to the economic value of the products. (adapted from text in (International 
Organization for Standardization 2006)). 

Options 1a is only applicable when the system is not a true multifunction process, and option 2 is only 
applicable for when the ratio of co-production can be varied, such as between diesel and petrol production in 
a refinery. This leaves system expansion and allocation as the two main approaches to solving multifunction 
systems.  

System expansion was chosen as the approach for this study as the substitution approach better represents 
the reality of the many co-products being used and generated the biofuels arena. Agricultural by-products such 
as tallow, molasses, yellow grease (used vegetable oils), distiller’s grains and canola meal are global 
commodities and Australia exports substantial amounts to overseas markets. The majority of these markets, 
both domestic and international, have alternatives to these co-products, and the extent of use of the co-
products are based on price and availability. It therefore expected that the use or production of co-products in 
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the biofuels industry will affect these alternative markets. This approach also aligns with the ISO hierarchy, 
and is consistent with the draft ARENA guidelines on LCA for biofuels and bioenergy projects.  

Allocation using economic value is attractive because economic values are easier to establish than market 
replacements, and they represent a driver for production. It is also the approach used in the Roundtable for 
Sustainable Biomaterials (RSB) greenhouse gas certification approach (Roundtable on Sustainable Biofuels 
2008).  

Allocation using energy content has the advantage that energy contents are stable and relatively easy to 
establish. They are also the default approach for the European Union Renewable Energy Directive. However, 
both economic and energy allocation can distort the results for some biofuels. Both approaches were included 
in the sensitivity analysis with detailed results provided in Appendix C. The procedure for undertaking system 
expansion is explained in detail in Appendix G.   

Table 7 shows the main instances where co-products were uncounted in the LCA and how they were 
addressed. The ISO 14044 standard states that where an alternate allocation approach is feasible it should 
be tested in the LCA’s sensitivity analysis. For this reason, in the sensitivity section, all fuels scenarios were 
calculated using allocations based on net energy content and economic value.  

Table 7 Co-production in the LCA foreground and the replacement products used. 

Process Determining 
product 

Co-product Default approach 

Refining Gasoline, 
diesel 

LPG, naptha, etc. Allocation by underlying physical relationships 
undertaken within ecoinvent database. 

Sugar refining Sugar Molasses System expansion with animal feed.as 
substitute. 

Sugar refining Sugar Electricity System expansion substitutable with coal-
based electricity in Queensland. 

Starch production Wheat 
starch 

Starch waste, 
gluten 

System expansion with animal feed.as 
substitute. 

Ethanol from 
sorghum 

Ethanol DDGS System expansion substitutable with animal 
feed. 

Ethanol from wheat 
and starch waste 

Ethanol DDGS System expansion substitutable with animal 
feed. 

Ethanol from 
cellulosic material 

Sugarcane 
production, 
forestry 

Cane trash, wood 
waste 

Assumes that the material used is a true waste 
and can be extracted without significant 
consequence. 

Ethanol from 
cellulosic material 

Ethanol Electricity System expansion substitutable with coal-
based electricity in Queensland. 

Palm oil extraction Palm oil Palm meal System expansion substitutable with soy oil. 

Beef production Beef Tallow System expansion substitutable with crude 
palm oil. 

Biodiesel production Biodiesel Glycerine System expansion substitutable with animal 
feed with sensitivity as energy source and 
carbon source for waste water.  
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System expansion may lead to some counter-intuitive modelling within the LCA. For fuels produced from 
feedstocks based on a co-product, such as molasses, wheat starch waste, tallow and used cooking oil, the 
process that produced the co-product was not within the system boundary of the study. For example, the 
processes of cane farming and sugar milling were not within the system boundary for molasses production. 
Similarly, the beef and meat processing industries were not within the system boundary for tallow production. 

This is demonstrated in Figure 9, which provides an example of sugar and molasses and shows cane growing 
and sugar milling were allocated to the sugar system (as opposed to the ethanol from molasses system) since 
it is the main reason for production. However, the sugar product received a credit for the production and use 
of molasses as animal feed (i.e. the impacts of an equivalent animal feed supplement was subtracted from the 
sugar system). This means that the use of molasses in the ethanol system was given a debit equal to the credit 
provided to the sugar system. Put another way, the use of a co-product, such as molasses, will not lead to 
more production of that co-product because its production in linked to demand for sugar.  

 

Figure 9 Example of system boundary separation between sugar and ethanol from molasses using system 
expansion approach. 

 

5.4 Life cycle inventory model 

The foreground and background data described in the prior two sections were linked and the life cycle was 
calculated for the replacement of one litre of petrol and diesel consumption in Queensland. The inventory was 
calculated with 65 foreground processes developed for the project, 2,024 background processes from the 
AusLCI library and 19,000 processes drawn from the ecoinvent libraries. There was a total of 1,974 flows 
included in the inventory, of which 1,359 were not used in any of the indicators examined in the study. This is 
normal, with many flows in the LCA being tracked for overall balance reasons and for indicators not relevant 
to this study. 
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6 Impact assessment 

6.1 Impact assessment indicators and characterisation models 

The impact assessment stage relates the inventory flows to the indicators chosen for the LCA. This was done 
by classifying which flows relate to which impact indicator and then selecting a characterisation model that 
quantifies the relationship of each inventory type to the indicator in question. For example, flows of carbon 
dioxide and methane are both known to contribute to the global warming indicator. The characterisation model 
chosen for the study was the 2013 Intergovernmental Panel on Climate Change 100-year model. This uses 
carbon dioxide as the reference substance with a characterisation factor of 1 and methane with a 
characterisation factor of 25 carbon dioxide equivalents. The same approach was taken across all indicators. 
The calculation of the indicator results was the summation of all inventory flows multiplied by their relevant 
characterisation factors. This step is referred to as characterisation. The results are in equivalents units, such 
as kg CO2 eq., for each indicator. Table 8 describes each of the indicators chosen for LCA and the source of 
the characterisation factors. 

Table 8 Impact assessment categories and characterisation models used in this LCA. 

Indicator Description Characterisation model 

Climate change Measured in kg CO2 eq. 

This is governed by the increased concentrations of 
gases in the atmosphere that trap heat and lead to 
higher global temperatures. Gases are principally 
carbon dioxide, methane and nitrous oxide. 

IPCC model based on 100-
year timeframe (IPCC 
2013). 

Fossil energy Measured in MJ lower heating value. 

It includes all energy resources extracted and used in 
any way. It does not include renewable energy, 
energy from waste or nuclear energy. 

All fossil energy carriers 
based on lower heating 
values. 

Eutrophication Measured in g PO4
-3 eq. 

Algal growth from nutrient enrichment in freshwater 
and marine environments. Emission of nitrogen and 
phosphorus contribute with the model being based on 
the relative nutrient. 

CML method based on 
redfield ratio (Institute of 
Environmental Sciences 
(CML) 2016). 

Particulate matter Measured in g PM2.5. 

This impact category looks at the health impacts from 
particulate matter for PM10 and PM2.5. This is one of 
the most dominant immediate risks to human health 
as identified in the global burden of disease. 

World impact plus method 
(Humbert, Marshall et al. 
2011). 

Land use Measured in kg C deficit. 

The method is based on the increase or decrease in 
soil organic matter (SOM) as a function of land use 
change (LUC) and land use occupation. It is based 
on the difference in the SOM from a natural reference 
state. 

ILCD method (European 
Commission JRC IES 
2011) based on Mila-i-
Canals (i Canals, Romanya 
et al. 2007). 

Consumptive water 
use 

Measured in litres of water. 

Water extracted directly from the environment, 
thereby competing with environmental and other 
human requirements for water. 

The impacts of water use 
based on water scarcity 
footprint by Psfister (Pfister, 
Koehler et al. 2009). 

 

In addition to the characterisation process, the study used normalisation in the impact assessment stage. 
Normalised results were calculated by dividing results using characterisation models by an independent 
reference value, which for this study was the total annual emissions in Australia for each impact category. This 
provided an indication of the relative impact the product system had on each of the impact categories. Other 
impact assessment processes, such as grouping and weighting of indicators, were not undertaken in this study 
as the ISO standard (International Organization for Standardization 2006) forbids weighting when undertaking 
comparative assertions.  
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6.2 Results 

This section presents the results of replacing one litre of RULP with the equivalent amount of ethanol in E10 
and replacing one litre of diesel with the equivalent amount of biodiesel in B5.  Because the fossil fuels are 
subtracted from the biofuels, absolute results for RULP and diesel are not shown as they are effectively zero. 

 

Appendix D provides an alternative view of the results on a per km and per gigajoule basis for RULP; diesel; 
E10; and B5, E85 and B100. 

Table 9 and Figure 10 shows the impacts and benefits of replacing one litre of petrol or diesel with biofuel 
using an E10 and B5 blend. This shows the net benefits of investment in biofuels to replace RULP and diesel. 
Negative figures represent a net environmental benefit and positive figures represent a net environmental 
impact.  

Table 10 shows the results for production and use of 1 litre of RULP and diesel in passenger vehicle.  This 
provides a useful reference for comparing the savings of biofuel replacement of fossil fuel options. Table 11 
shows the percentage emission reduction for replacing a litre of RULP with ethanol, or diesel with biodiesel by 
comparing it to the fossil fuel impacts shown in Table 10. 

Table 9 Results for replacement of one litre of petrol or diesel with biofuel. 

Indicator Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land use Water scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

E.Molasses -1.35 -28.1 3.24 0.82 31.3 6.08 

E.Sorghum -0.694 -13.4 3.71 0.139 64.2 7.02 

E.Starch&Wheat -1.01 -20 4.14 0.443 52 -0.655 

E.Cellulose -2.28 -37 0.163 0.167 -5.86 0.954 

BD.Tallow -2.91 -45.9 11.7 2.14 -4.6 -19.8 

BD.UCO -2.91 -45.9 11.7 2.14 -4.6 -19.8 

BD.Canola -1.74 -23.8 11.6 0.755 141 1.46 

BD.OilPalm -2.7 -43.8 13.6 2.46 -4.15 12.5 

BD.Soybean -1.97 -28.1 8.04 -0.36 36.1 1,212 

BD.Pongamia -2.61 -39.7 0.703 -0.585 36 -0.496 

 

Table 10 Results for 1 litre of RULP and diesel production  

 Global 
warming 

Fossil energy 
depletion 

Eutrophication Particulate 
matter 

Land use Water scarcity 

 kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

RULP 
production 

0.58 42.0 0.527 0.500 7.70 6.72 

RULP tailpipe 2.39 0.0 0.148 0.114 0.00 0.00 

RULP total 2.97 42.0 0.676 0.614 7.70 6.72 

Diesel 
production 

0.51 45.9 0.561 0.420 8.60 7.07 

Diesel tailpipe 2.87 0.0 0.176 0.148 0.00 0.00 

Diesel total 3.38 45.9 0.737 0.568 8.60 7.07 
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 Figure 10 Results for replacement of one litre of petrol or diesel with biofuel. 

 

Table 11 Percentage emission reduction for replacing petrol and diesel with equivalent amount of biofuel. 

 

Note: Green means biofuel is lower impact than fossil, yellow to red biofuel is higher. Very high percentages are the result of a very small 
impact value in fossil fuel system, relative to biofuel. 
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Global warming 

%

Fossil energy 

depletion %

Eutrophication 

%

Particulate 

matter %

Land use % Water scarcity %

E.Molasses -46 -67 480 133 407 90

E.Sorghum -23 -32 549 23 834 104

E.Starch&Wheat -34 -48 613 72 675 -10

E.Cellulose -77 -88 24 27 -76 14

BD.Tallow -86 -100 1593 377 -53 -280

BD.UCO -86 -100 1593 377 -53 -280

BD.Canola -52 -52 1572 133 1642 21

BD.OilPalm -80 -95 1845 433 -48 176

BD.Soybean -58 -61 1090 -63 420 17128

BD.Pongamia -77 -87 95 -103 419 -7
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To try and understand the relative importance of the different impact categories, LCA results can be normalised 
against total annual impacts of a region, in this case the Australian economy as estimated for 2008 as shown 
in Table 12 shows the results from Table 9 divided by the total annual impacts in Table 12. The resulting 
numbers are very small as the use of one litre of fuel is small compared to the entire economy, but what is 
important is the relative contribution under each impact category.  

The results reflect the relatively high contribution of transport on global warming and the not insignificant 
contribution of eutrophication, especially for production systems which directly leach nitrogen into water. The 
other indicators are much less impacted relative to other sources nationally than by the biofuel replacement.  

 

Table 12 Estimate and annual impacts results for Australia in 2008. 

Impact category Unit Annual impact Data sources 

Global warming kg CO2 eq. 573,329,980,000 National Greenhouse Gas Inventory 2008 

Fossil energy depletion MJ NCV 11,697,515,000,000 ABARE energy accounts 

Eutrophication g PO4
-3 eq. 259,272,380,000 National Pollutant Inventory 

Particulate matter g PM2.5 220,931,960,000 National Pollutant Inventory 

Land use kg C deficit 4,424,406,700,000 ABS land use account 

Water scarcity litre eq. 60,508,705,000,000 ABS water accounts 

 

 

 

Figure 11 Comparative impact assessment results for replacing one litre of RULP and diesel with an equivalent 
amount of biofuel as a fraction of total Australian impact (normalisation). 
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7 Interpretation 
The interpretation step examined the results through a series of checks and analyses to ensure any 
conclusions drawn from the LCA were robust and well supported by the data. 

7.1 Contribution analyses 

The results have been grouped into four categories: 

 Biofuel production – conversion of feedstocks into biofuel 

 Feedstock production – production of agricultural and waste feedstocks 

 Avoided fossil fuel production – production of fossil fuels used in blends 

 Feedstock carbon abatement – sequestration of greenhouse gases through growing feedstock.1 

Net results for each indicator and the main contributing factors are presented below.  

7.1.1 Global warming 

Figure 12 shows global warming impacts and benefits from replacing one litre of petrol and diesel with biofuel. 
The main benefits of biofuels resulted from carbon sequestration during feedstock production (i.e. growing) 
and avoided fossil fuel production. There were also benefits derived from the production of by-products, 
especially for the crop based biodiesels. The major negative impacts of biofuels were emissions during the 
process of biofuel production and the process of feedstock production. The exception was ethanol from 
cellulose, where the feedstock was a true waste and therefore carried no production impact.  

 

Figure 12 GHG impact for replacement of one litre of gasoline equivalent RULP and diesel with biofuel. 

 

 

 

                                                      

 

1 In prior LCA studies on biofuels, the carbon abatement is represented as part of the tailpipe emission when carbon dioxide derived from 
biomass was not counted as a greenhouse gas. In this study, the abatement is shown as part of the feedstock production stage where 
the carbon dioxide absorption physically takes place.  
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7.1.2 Fossil fuel use 

Figure 13 shows the impacts on fossil fuel depletion of replacing one litre of petrol and diesel with biofuel. 
Understandably, the main benefit was avoided fossil fuel production. For ethanol production, in particular from 
sorghum, there was a substantial contribution from the biofuel production process due to fuels used in the 
distillation of ethanol. The availability of bioenergy for distillation of ethanol from molasses and cellulose helped 
to reduce the fossil fuel depletion for these fuels.   

For canola production, the large fossil fuel use in feedstock production was due to nitrogen fertiliser use.  Urea 
production accounted for 75% of the fossil fuel depletion of canola production, as it is the dominant fertiliser 
for canola, and is synthesised from natural gas. The fossil fuel depletion was lower for soybeans because they 
fix their own nitrogen.  

 

 

 

Figure 13 Fossil fuel use for replacement of one litre of gasoline equivalent RULP and diesel with biofuel. 
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7.1.3 Eutrophication 

Figure 14 shows the impacts on eutrophication from replacing one litre of petrol and diesel with biofuel. Figure 
15 shows the actual emissions that contributed to the eutrophication impacts.  

For ethanol from molasses, feedstock production was the main contributor, resulting not from cane production2 
but from the application of fertiliser for forage sorghum, which releases ammonia into the air and in turn will re-
deposit in on land and in waterways.3 Being a dryland crop, forage sorghum involves very little direct nitrogen 
leaching.4  

Ethanol from sorghum had the same drivers as ethanol from molasses with slightly higher ammonia emissions 
from nitrogen applied to sorghum. The release of ammonia was based on emission factors described in the 
Australian National Inventory Report (Department of the Environment 2015). For ethanol from starch waste 
and wheat, the grain from NSW was assumed to have a higher level of leaching in dryland cropping than 
Queensland. This lead to higher impacts from nitrate to water, although the emissions from ammonia were still 
the higher contributor. Ethanol from cellulose had no upstream feedstock emissions but did have emissions 
from biomass combustion. These emissions were similar in scale to impacts from fossil fuel production. 

For the biodiesel fuels, feedstock production also dominated the eutrophication results due to links between 
feedstocks and palm oil production, with the main impact being nitrogen emission to water (in Malaysia) in the 
oil palm cultivation. For canola and soybean, the impacts were a mix of ammonia and a small amount of 
nitrogen and phosphorus leaching to water.  

 

 

Figure 14 Eutrophication for replacement of one litre of gasoline equivalent RULP and diesel with biofuel. 

 

                                                      

 

2 The use of molasses was assumed not to affect the production of cane as it is a small co-product and not the main driver of production. 
3 It is important to note that the there is no specific fate modelling of nitrogen from different sources and nitrogen from dryland system is 
more likely to re-deposition in beneficial ways (for example of another farm), compared with nitrogen leached to surface waters.  
4 4.3% of the dryland cropping area was assumed to be in the leaching zone according to the National Inventory Report for 2013. 

-2

 -

 2

 4

 6

 8

 10

 12

 14

 16

g 
P

O
4-3

  e
q

 .

 Biofuel production  By-products
 Feedstock production impact  Avoided fossil fuel prod.
 Feedstock carbon ab.  Net emission



 

|  19 

 

Figure 15 Emission contribution to eutrophication for replacement of one litre of gasoline equivalent RULP and 
diesel with biofuel. 
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7.1.4 Particulate matter 

Figure 16 shows the impacts on particulate matter from replacing one litre of petrol and diesel with biofuel. The 
emissions of particulate matter were highest for ethanol from molasses due to the burning of bagasse for 
energy into the distillation of ethanol. Similarly, ethanol from cellulose and palm oil biodiesel had particulate 
emissions from the combustion of biomass at the distillery and palm oil mill respectively. For starch and wheat 
ethanol, the particulate emissions in the biofuel production process resulted from the combustion of coal at the 
distillery.  

Emissions from feedstocks were predominantly from ammonia, which is a secondary particle emission. The 
location of these emissions in rural areas is unlikely to be a significant health risk in Australia. There was a 
substantial beneficial impact from all biofuels in avoiding particulate matter emissions from fossil fuel 
production and use.  

There were no identified tailpipe benefits from the use of biofuels as the tailpipe emission data used from Greet 
had the same particulate emissions from biodiesel as from mineral diesel and the same emissions for E10 and 
RULP. This was a limitation to the results but as the biodiesel was being used as a 5% blend, and given there 
was high variability in particulate matter tailpipe emission data, it was not as significant as it would be for the 
use of B100.  

 

 

 

Figure 16 Particulate matter results for one litre of gasoline equivalent fuel use. 
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7.1.5 Land use 

Figure 17 shows impacts on land use from replacing one litre of petrol and diesel with biofuel. The land use 
model represented the SOM change from different types of land uses. The land use impact results were highest 
for dedicated cropping systems including sorghum, wheat (included in wheat and wheat starch production), 
canola and soybean production. The other fuels were either based on waste products, which had less impact 
on the land, or they were tree crops, which had a very small impact on SOM compared with the natural 
reference state.  

Note that no LUC was included in the results presented here, but these are discussed in the LUC sensitivity 
analysis. The beneficial impacts shown in Figure 17 represent avoided land use impacts from biofuel co-
products (e.g. distiller’s grains from sorghum, and canola and soy meal from the respective oil production 
systems).  

For tree crops including pongamia and palm oil, the land use impacts were much lower because tree crops 
helped maintain higher levels of carbon storage compared to cropping.  

 

  

 

Figure 17 Land use results for replacement of one litre of gasoline equivalent RULP and diesel with biofuel. 
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7.1.6 Water scarcity 

Figure 18 shows the impacts on water from replacing one litre of petrol or diesel with biofuel. The irrigation of 
soybeans for production of biodiesel dominated the water footprint as it was the only irrigated crop included in 
the analysis. The use of irrigation for soybeans was included as it was the dominate production approach in 
Queensland; however, it should be noted that soybeans can be grown in dryland systems and some of the 
other crops such as sorghum and canola can be grown with irrigation. If they were irrigated the results would 
be similar to those shown below for soybeans.  

Figure 19 shows the water use excluding the results for biodiesel from soybeans. It shows that water use from 
ethanol production was of a similar scale to the fossil fuel it replaced. For tallow and UCO the feedstock stage 
was net water generating with crude palm oil (being the debit for use of tallow and UCO), having a co-
production of palm meal which generated credits for palm oil when palm meal offset barley grain on the world 
market. For biodiesel from oil palm, the water use in refining the palm oil was the most dominant input. 

  

 

Figure 18 Water scarcity results for replacement of one litre of gasoline equivalent RULP and diesel with biofuel. 

 

Figure 19 Water scarcity results for replacement of one litre of gasoline equivalent RULP and diesel with biofuel. 
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7.2 Sensitivity analysis 

Sensitivity analyses was used to increase the robustness of conclusions from the LCA and provide further 
insights into the observed environmental impacts. The following were included in the sensitivity analysis: 

 the effects of alternative allocation approaches for co-products 

 the effects of GAP compared with current average practice for fuels derived from agricultural commodities 

 the effects of offsetting premium fuels 

 alternative offset for glycerine from biodiesel  

 the inclusion of indirect LUC. 
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7.2.1 The effects of alternative allocation approaches for co-products 

The default allocation approach to dealing with co-products and wastes was system expansion – in line with 
ISO 14044 standards and the draft ARENA guidelines for undertaking LCA for bioenergy and biofuel projects. 
However, both of these documents also require the effect of possible alternative approaches to be tested in 
the LCA to determine if they change the results. This sensitivity analysis examined the effect of gross energy 
content and economic allocation on the LCA results. Energy contents were derived from literature values for 
different materials including crop gross energy contents. For economic values, data were collected from the 
best available sources in the public domain. Ideally a price average of price trend data from the last five years 
was used, but in some cases it was limited to a single quoted price. Whereever possible, the same price data 
were used in a single allocation. In some instances, industry price ratios were used rather than absolute values.  

A fourth option for allocation was included (called the ‘cutoff’ allocation) in which 100% of the impacts were 
allocated to the main process and no allocation was given to any co-products either used or produced by the 
biofuel system. This is a very simplified approach and is not recommended but is useful as it gives an indication 
of the results if all co-products were wastes that had no use.  

Figure 20 shows that the allocation had relatively small effects on the global warming results for most fuels. 
The dramatic exception was the impact of biodiesel from tallow when the impacts of beef production were 
allocated to tallow. This was due to the high impacts of enteric methane and land use in beef production, which 
affected the economic and energy allocation. The detailed results for the three alternative allocation 
approaches are contained in Appendix C. 

 

 

Figure 20 Change in climate change impacts using energy, economic and cutoff allocation compared with 
system expansion. 
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Figure 21 shows the eutrophication impacts under different allocation approaches. Pongamia’s result became 
positive instead of negative. The only other changes in direction were under the cutoff allocation, which was 
not a realistic scenario. For ethanol from molasses, the results for energy allocation almost tripled while the 
results under economic allocation were similar to system expansion. This is because the energy value of 
molasses, relative to sugar, was much higher than the relative economic value.  

 

 

Figure 21 Change in eutrophication impacts using energy, economic and cutoff allocation compared with 
system expansion. 
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Figure 22 shows the particulate matter impact under different allocations. For an impact category like 
particulate matter where the results can be highly variable depending on process design and technologies, it 
was most interesting to look at where the sensitivity changed the direction of the result. 

Particulate matter for tallow switched from a benefit to a negative under economic and cutoff. The impacts of 
tallow were very sensitive to the allocation approach due to the dominance of beef production in the allocated 
inventory. Used cooking oil also flipped as it changed from being based on palm oil debits (system expansion) 
to a proportion of original oil manufacture. Sorghum impacts changed directly but this was because the results 
were very close to zero, which made small changes seem more significant.  

 

 

Figure 22 Change in particulate matter impacts using energy, economic and cutoff allocation compared with 
system expansion. 
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7.2.2 Good agricultural practice 

This sensitivity analysis modelled GAP in all agricultural systems involved in the biofuel supply chain. GAP 
was modelled for sugarcane production using data on cane. Other best management practice (BMP) programs 
were examined, including the grains section BMP and the grazing BMP. However, there are currently 
insufficient data on these to determine the life cycle consequences of their implementation.  

The benefits of BMP on sugarcane were taken from work at the University of Queensland (Renouf, Schroeder 
et al. 2013, Renouf 2016), who compared ‘below industry standard’ with SmartCane ‘industry standard’ using 
the CaneLCA tool.5 Table 13 describes the benefits of the life cycle model for sugarcane and more detail on 
the modelling of industry standard practice in Appendix F. 

Table 13 Changes in inputs and outputs to cane production resulting from GAP in line with SmartCane industry 
standard. 

Flow  Change from implementation of SmartCane Industry 
Standard % 

Total diesel use 88.5 

Urea 66.4 

DAP 101.9 

KCl 91.5 

Granulated ammonium sulfate 232.2 

N 81.8 

P 101.9 

K 91.5 

S 232.2 

N2O from applied N 72.4 

N2O from leached/run-off 72.4 

Total N2O emissions 78.2 

N to run-off 72.4 

P to run-off 101.9 

2,4 D 24.5 

Atrazine 36.7 

Diuron 22.6 

Fluroxypyr 51.0 

Haloxyfop 10.5 

Paraquat 89.5 

Pendimethalin 51.0 

 

Table 14 and Figure 23 show the benefits of GAP on molasses supply using both economic and energy based 
allocation. Figure 23 shows that the percentage change was the same regardless of whether energy allocation 
or economic allocation was used since the change was relative to molasses from current practice. However, 
Table 14 shows how the absolute impacts differed because molasses accounted for 14% of the gross energy 
outputs of the sugar process but only 4.1% of the economic output.  

Figure 24 shows how this translated to the impacts of the production of one litre of ethanol. The trend was the 
same as that shown for molasses but the improvement was diluted by other processes to convert the molasses 

                                                      

 

5 CaneLCA is a streamlined Excel-based LCA tool customised for sugarcane growing that uses detailed input about cane growing practices 
to generate LCI and LCA-based eco-efficiency indicators. It was developed by the University of Queensland with funding from the 
Australian sugar industry and the Australian government (https://eshop.uniquest.com.au/canelca/). 
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to ethanol. Figure 24 also shows that energy and economic allocation produced different results due to the 
change in the way biodunder from ethanol production was allocated.  

The reduction in global warming was due to lower energy use on farm, less fertiliser production but mostly 
from less nitrous oxide emissions from fertiliser application. The reduction in eutrophication was also driven by 
reduced fertiliser use and reductions in the run-off of nitrogen (N) and potassium (P) due to better practice. 

The effect of the GAP on the overall benefits of ethanol as a replacement for RULP is shown in Table 16.   The 
GHG benefit increase from 49% to 51 that of RULP. 

 

Table 14 Change in impact from use of GAP on molasses impact and ethanol from molasses replacing RULP 
using economic and energy allocations. 

  Economic allocation Energy Allocation 

  Current 
practice 

Good 
Agricultural 

Practice 

Current 
practice 

Good Agricultural 
Practice 

1 kg of molasses 

Global warming kg CO2 eq 0.09 0.07 0.29 0.25 

Fossil energy 
depletion 

MJ NCV 0.58 0.54 1.96 1.81 

Eutrophication g PO4
-3 eq 0.50 0.41 1.68 1.37 

Particulate 
matter 

g PM2.5 0.04 0.04 0.14 0.13 

Land use kg C deficit 2.00 2.00 6.73 6.73 

Water scarcity litre eq 13.5 13.5 45.3 45.3 

1 Litre ethanol from molasses 

Global warming kg CO2 eq 0.63 0.60 1.20 1.08 

Fossil energy 
depletion 

MJ NCV 4.87 4.74 8.73 8.31 

Eutrophication g PO4
-3 eq 1.58 1.32 4.88 4.01 

Particulate 
matter 

g PM2.5 0.51 0.50 0.79 0.76 

Land use kg C deficit 5.8 5.8 19.0 19.0 

Water scarcity litre eq 40 40 129 129 

 

Table 15 Percentage impact of GAP relative to standard practice. 

 1 kg of molasses 1 Litre ethanol from molasses 

 Economic 
allocation (%) 

Energy 
allocation (%) 

Economic 
allocation (%) 

Energy 
allocation (%) 

Global warming 86 86 94 90 

Fossil energy depletion 92 92 97 95 

Eutrophication 81 81 84 82 

Particulate matter 91 91 98 96 

Land use 100 100 100 100 

Water scarcity 100 100 100 100 
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Figure 23 Change in impact from use of GAP on molasses supply using economic and energy allocation. 

 

 

Figure 24 Change in impact from use of GAP on ethanol from molasses using economic and energy allocation. 

Table 16 : Impact of GAP on the benefits of replacing RULP with Biofuel 
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7.2.3 The effects of offsetting premium fuels 

The LCA assumed that E10 would offset regular unleaded petrol available in Queensland: E10 as 91 RON 
fuel (premium fuels 95 RON and 98 RON do not contain ethanol). However, ethanol is an oxygenate that adds 
oxygen to fuel thereby increasing the RON factor. This has the potential to reduce refining requirements on 
mineral fuels. The national greenhouse factors (Department of the Environment 2014) and the ecoinvent 
datasets (Weidema, Bauer et al. 2013) do not differentiate between high and low octane gasoline in emission 
levels. The WA biofuels study (Grant, Beer et al. 2008) used the difference in refining cost of different grades 
of fuel as an estimate of energy inputs to refining those fuels. This study’s sensitivity analysis showed the 
increase in benefits from ethanol use replacing regular unleaded compared with premium unleaded. It showed 
a small additional benefit in global warming impact as shown in Figure 25. This suggests that the use of ethanol 
as an oxygen source in premium fuels has very little difference in the overall benefits.  

 

 

 

Figure 25 Comparison of global warming benefits of ethanol fuels replacing RULP and PULP. 
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7.2.4 Alternative offset for glycerine from biodiesel  

There are a number of potential uses of glycerine from biodiesel production. The default used in the study was 
animal feed, but more than half of glycerine use in 2015 was for energy use. There is also an opportunity to 
use glycerine as a substitute for methanol as source of carbon in waste water treatment. This sensitivity shows 
the results for using glycerine in place of fuel oil as an industrial fuel source. The emissions profile of glycerine 
was assumed to be the same as fuel on an energy basis. Figure 26 shows that altering the assumption for 
glycerine use was not important for most indicators. The only significant difference was particulate matter 
impacts for canola biodiesel, as this had a value close to zero for net particulate matter emissions. 

 

 

 

Figure 26 Results of biodiesel from tallow replacing diesel with three different glycerine credits animal feed 
(default), energy and waste water treatment. 
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7.2.5 The inclusion of land use change 

Two types of LUC are identified in the ISO 14067 (International Organization for Standardization 2013) – direct 
land use change (dLUC), which is ‘a change in the use or management of land within the product system being 
assessed’ and indirect land use change (iLUC), which is ‘a change in the use or management of land as a 
consequence of dLUC, but which occurs outside the product system being assessed’.  

In the current LCA, no direct land use change was included as the current biofuels are based mostly in regions 
cleared more than 20 years ago, and the location and land use status of future biofuel feedstocks is not clear. 
According to national ABS FAO data, over the past 20 years sorghum area under harvest has increased 21%, 
wheat 39% and canola 92%, while soybeans and sugarcane have not changed. While it is clear that cropping 
has increased in most regions in Australia, the relative contributions of changes in cropping pasture rotations 
from mix farming systems and conversion of permanent pasture is not clear.  

In the most extreme case where crops are grown exclusively on newly converted land, the global warming 
impact of the feedstocks can increase dramatically.  Three examples of the effect of direct land use change 
on crop production impacts are shown in Table 17.  The examples are based on FAOstats (Faostat 2015) and 
IPCC default soil carbon stocks (IPCC 2006). The results are provided for conversion of both forest and 
grassland to cropping and cane farming.   

Table 18 shows the impact of land use change on ethanol from crops grown on converted land. It demonstrates 
that the expansion of annual cropping, would have severe consequences for biofuel coming directly from 
converted land. For canola grown on cleared grassland, the fuel would be almost 4 times the impact of diesel, 
and on cleared forest land, it would be more than 16 times the impact of diesel.  For sorghum grown on cleared 
grassland, the fuel would be almost twice the impact of RULP, and from forest land, more than 25 times. For 
ethanol from molasses, that is sourced from sugar cane produced on converted grassland6, the global warming 
impacts are slightly lower than ethanol produced from unconverted land. This is because the sugar cane is a 
perennial crop with a relatively high carbon storage compared to grassland. However, for cane grown on 
recently converted forest land, the resulting ethanol impacts increase, to be 130% that of RULP. 

These results have a high degree of uncertainty due to the global nature of the models, but they do 
demonstrate the importance of the impacts of direct land use change for biofuels. 

 

Table 17 : Typical global warming impacts for crops grown on converted land. 

 Current crop footprint Forest (average) Grassland (average) 

 kg CO2e / kg crop kg CO2e / kg crop kg CO2e / kg crop 

Canola 0.532 37.25 3.77 

Sorghum 0.201 14.65 1.48 

Sugar Cane 0.059 0.34 -0.03 

 

Table 18 :  Global warming from 1 litre RULP or Diesel being replaced by biofuel from crops grown on converted 
land.  

 No land use change 
(current) 

Forest (average) Grassland (average) 

 kg CO2e/ l RULP replaced kg CO2e/ l RULP replaced kg CO2e/ l RULP replaced 

BD.Canola - 2.91 +96.81 +8.22 

E.Sorghum - 0.69 +49.72 +2.84 

E.Molasses* -1.46 +0.88  - 1.69  
* Note for economic allocation scenario.  Note results here are for replacement of RULP so that a zero would 
represent the point where the biofuel has the same global warming impacts as RULP. 

                                                      

 

6 , Using the economic allocation approach. 



 

|  33 

An alternative approach is to look beyond LUC of specific areas and instead examine the global iLUC driven 
by different cropping activities. As part of the US Greet model’s development, iLUC factors are provided by 
CARB (California Air Resources Board) (California Air Resources Board 2015). No iLUC is given to fuels from 
waste/by-products including molasses, tallow and used cooking oil. CARB did not provide values for LUC from 
palm oil, but the ecoinvent database has a percentage LUC associated with palm oil production which was 
included in this sensitivity.  

Figure 27 shows the changes in global warming impact when CARB values were included for grain ethanol, 
canola and soy biodiesel. The impact of LUC on palm oil results were the most significant, but note they were 
from a dLUC modelled by ecoinvent and not from iLUC data from CARB.  

 

 

Figure 27 Comparative impacts of E85 and B100 for fuels options relative to the highest impact within each 
impact category. 
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8 Discussion and conclusions 

The LCA demonstrates that all biofuels currently in the market deliver substantial global warming benefits and 
help to replace liquid fossil fuels, which are increasingly imported into Australia. In general, biodiesels have 
greater global warming and fossil fuel reduction benefits than ethanol; however, biodiesels also tend to have 
greater (albeit modest) negative eutrophication and particulate matter impacts. All ethanol biofuels and 
biodiesel sourced from canola and soybean have some land use impacts. Biodiesel from canola stands out as 
having the most benefits and fewest negative impacts of all the fuel types examined. As a proportion of national 
impacts, the global warming benefits of all biofuels stand out as significant, the eutrophication impacts of 
biodiesel are noteworthy but not as large, and impacts in other areas are small. 

The degree to which greenhouse gas and other savings are achieved is largely a function of the feedstock 
and, to a lesser extent with biodiesels, the processing technology. The benefits of utilising waste and by-
products as feedstocks can be contrasted against the benefits of producing valuable by-products when using 
a dedicated crop as a feedstock. For ethanol, the availability of bioenergy for distillation is also a substantial 
advantage from a global warming perspective. 

8.1.1 Implications for Queensland agriculture and environment 

The LCA does not explicitly distinguish between impacts within Queensland compared with those in other 
states and other parts of the world. For ethanol from molasses, the underlying assumption was that molasses 
was not a significant driver of sugarcane production because molasses represents less than 5% of the value 
from sugar milling. More than half of Australia’s molasses is exported and substantial amounts are used locally 
as animal feed supplement. The feed crops required to replace molasses are unlikely to be from coastal 
Queensland. This study’s best estimate was that forage sorghum is likely to replace displaced molasses as an 
input to animal feed. If the price of molasses was to increase and become a greater driver of sugarcane 
production, the sensitivity shows that use of good agriculture practice such as SmartCane can reduce impacts, 
in particular on climate change and eutrophication.  

Sorghum grain used for ethanol production was assumed to be predominantly sourced from dryland agriculture 
areas of Queensland, typically within 150 km of the Dalby plant. Similarly, the biodiesel feedstocks canola and 
pongamia are not grown in coastal areas and do not contribute directly to eutrophication affecting the Great 
Barrier Reef. 

Soybean production in coastal areas of Queensland was assumed to be irrigated but, as a legume, nitrogen 
application is minimal so nitrogen run-off is small. 

8.1.2 Global implications 

One of the outcomes of the comparison of different sources of biofuel is that all sources either resulted in 
feedstock impacts or, in the case of truly free feedstocks such as waste cellulosic material, biofuel processing 
impacts (due to the low quality feedstock). Ethanol fuels had higher processing impacts than biodiesel, while 
options for lower impact feedstocks for biodiesel were very limited. Tallow and used cooking oil are both 
tradeable commodities globally with similar value to other virgin oils. The use of these commodities will 
therefore compete with other global uses and lead to replacement by other virgin oils. Nevertheless, the use 
of these for feedstock locally for biodiesel may have benefits in reducing transport and storage as these 
feedstocks can have limited storage lives. Interestingly in the European Renewable Energy Directive these 
feedstocks are treated as true waste products with no upstream impacts. 

There are open questions about the effect of iLUC, which has the potential to substantially reduce the benefits 
of biofuel. In general, however, the biofuels still had positive global outcomes even after accounting for iLUC 
as it is currently quantified in the Californian Air Resources Board data.  

Of interest in the study was the influence of bioenergy in the feedstock production process and biofuel 
production process. This LCA shows that there may be benefits in taking an integrated approach to biofuel 
development and examining the production of multiple outputs that can help provide environmental savings 
while diversifying revenue streams.  
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8.1.3 Limitations of the study 

The LCA covered a large number of fuels and due to the breath of scope has some limitations in terms of its 
applicability.  

The study has paid little attention to changes in tailpipe emission data, using the Greet emission profiles, which 
treat the emissions from fossil fuels as being the same on a per kilometre basis as the fuel blends, with the 
exception of identifying the initial source of the carbon oxidised in the fuels. Because of this, potential benefits 
of using biodiesel, resulting in reduced particulate matter from tailpipe emissions, was not identified.  

LUC was not included, except as a sensitivity due to a lack of agreed methods on iLUC and available data on 
dLUC. Any shift to increase the demands on agricultural systems has the potential to add to pressure on LUC; 
however, as the current fuel mandate can be met mostly with current production, this is not an immediate 
threat. 

The large number of possible co-products for each credit and debit applied in the study created a limitation 
both in knowing whether the chosen approach is currently the most valid, and also how (as markets change) 
the results will change in the future. This limitation was ameliorated by the similarity of many of the alternative 
choices.  
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Appendix A. Foreground inventory data and 

assumptions 

A.1 Ethanol from molasses 

A.1.1 Overview of the process 

Ethanol is produced through the fermentation of molasses, which is a by-product of the sugar refining process, 
followed by distillation and then dehydration of ethanol. This has been undertaken at the Sarina distillery in 
Mackay for more than 20 years. Figure 28 shows the process that begins with cane growing, harvesting and 
sugar milling, which produces the sugar juice. This sugar juice is refined from this process. Bagasse, which is 
also an output of the sugar mill, plays and important role in providing steam and electricity to the distillation 
process as well as to the sugar mill. 

  

Figure 28 Summary of process for ethanol production from molasses. 
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A.1.2 Solving allocation issues in ethanol from molasses 

Molasses is produced as a by-product of the sugar production process. To solve the allocation issue between 
sugar and molasses, the alternative markets for molasses were identified as animal feed (Laing) and as 
feedstock to monosodium glutamate production (Bizzari and Gubler 2015). The International Starch Institute 
suggests that growth in the use of molasses for ethanol has led to MSG production shifting to cassava based 
feedstock in South-East Asia. (International Starch Institute 2016). Animal feed was chosen as the marginal 
supply for the purpose of this study, as data available for cassava starch is very limited.  

Figure 29 shows how molasses was not part of the system boundary but the animal feed equivalent.  Biodunder 
was part of the ethanol from molasses system and was credited with benefits from its beneficial use as a 
fertiliser.  

 

 

Figure 29 System expansion allocations used in ethanol production from molasses. 
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The nutritional benefit of molasses is principally its energy content (Laing). The protein content of molasses 
is below 1%. The removal of molasses from an animal feed was assumed to lead to a change in the other 
ingredients, with more energy required relative to protein content. Table 19 shows the calculation of the 
forage sorghum required to offset the molasses energy value. The value of the replacement was set a little 
below that of starch waste to account for the protein benefit of the sorghum. 

Table 19 Substitution assumptions for molasses use in Australian ethanol. 

Item  Crop Amount  Energy** MJ Protein* 

fraction  

Co-product Molasses feed 1.0 8.6 0.0069 

Co-product substitute Forage sorghum 2.0 7.2 0.6 

** Energy and protein contents are sourced from various sources listed in A.12. 

 
The second major allocation issue was the production of biodunder, which is an output of the ethanol 
production process. Biodunder is high in potassium and nitrogen and is blended with other materials and used 
either as a fertiliser or as a feed supplement in cattle feeding. The credits for use of biodunder were calculated 
directly from the nutrient value of the dunder and the most common alternative forms of providing those 
nutrients and the details are shown in Table 20.  

Table 20 Substitution assumptions for biodunder production. 

Item Amount 
(kg dry matter) 

N P K N P K 

  % content kg / kg dunder dry matter 

Biodunder  1.68 0.5 0.1 3 0.0084 0.00168 0.0504 

Offsets         

Potassium chloride  0.097   52   0.0504 

Urea 0.018   46 0.0084   

Triple super phosphate 0.0084   20  0.00168  

 

The data used for energy and economic allocation undertaken in the sensitivity analysis are shown in Table 
21. The relative prices of sugar to molasses was provided by Wilmar as 5.5:1.(Gao 2016). For economic 
allocation of biodunder, Wilmar also suggested that biodunder produces 30% of the revenue from the ethanol 
plant with the other 70% coming from the ethanol.  

Table 21 Data used for economic and energy allocation of molasses from sugar. 

Product Wholesale price 
(USD/tonne)  

Energy Price reference/Energy reference 

Raw sugar 450 17.1 (Queensland Sugar Limited 
2016)/(INRA, CIRAD et al. 2016) 

Bagasse (electricity) 5.2 9.6 (AEMO 2016)/(Department of the 
Environment 2014) 

Molasses 1/5.5 sugar = 81 14.7 (Gao 2016)/(INRA, CIRAD et al. 2016) 
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A.1.3 Data sources 

The inventory data for forage sorghum was based on gross margin data produced by the NSW Department of 
Primary Industries (NSW Department of Primary Industries 2012) as advice to farmers. Additional emissions 
data were added based on the National Greenhouse Gas Inventory (Department of the Environment 2015). 
Further explanations of cropping data are provided in Appendix B. 

The inventory data required for sugar production was only required for the sensitivity analysis using economic 
allocation of molasses as a co-product of sugar refining. The data for this analysis was taken from a PhD thesis 
by Margurite Renouf (Renouf 2011). The best practice management data on sugarcane was from work at the 
University of Queensland (Renouf, Schroeder et al. 2014). Data for sugar milling and ethanol production were 
sourced directly from Wilmar (Gao 2016). Table 22 shows the unit process for ethanol production from Sarina 
and data from the sugar milling are shown in Table 23. 

Table 22 Unit process data for ethanol production from molasses. 

Flow Unit Value Comment 

Products    

Ethanol, anhydrous l 1  

Biodunder kg 5.6 k 30% solids and 3% K, 0.5% N and 0.1% P on dry matter 
basis (Gao 2016). 

Materials and energy       

Water  l 2.3 (Gao 2016) 

Molasses, at distillery kg 4 25% yield from molasses (Gao 2016). 

Energy, from coal MJ 4.2 60% from bagasse/40% from coal. Including 
dehydration (Gao 2016). 

Energy, bagasse 
combustion 

MJ 6.3 60% from bagasse/40% from coal. Including 
dehydration (Gao 2016). 

 

Table 23 Unit process data for ethanol production from sugar milling at Sarina. 

Products Unit Flow  Comment 

Products Unit Flow  Comment 

Raw sugar t 13.95   

Molasses t 3.4  

Bagasse t 32 Mass bagasse (wet basis, 50% moisture). 

Materials/fuels      

Sugarcane, harvested, 
Mackay 

t 100   

Lime, hydraulic kg 54.5  

Lubricating oil kg 0.7  

Steel, low-alloyed kg 50 Estimate based on 1,000 t steel consumed for annual 
maintenance for a ‘typical’ mill. 

Emissions to air      

Methane kg 22.8 Emissions to air from anaerobic digestion of COD in mill 
wastewater. 

Emissions to water      

COD, chemical oxygen 
demand 

kg 1.3 Based on BOD:COD relationship, treated water flow per 
day. 

Suspended substances, 
Unspecified 

kg 4.7 Based on 30 mg/L TSS limit, treated water flow per day 
and 460 t/hr crush rate. 
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A.2 Ethanol from sorghum grain 

A.2.1 Overview of the process 

Figure 30 shows the process for production of grain based ethanol production based on sorghum. The grain 
is mashed and fermented to produce ethanol, which is then distilled and dehydrated before it is ready to be 
used. The main by-product from the ethanol production process is high protein feed called distiller’s grain and 
solubles (DDGS), which can be used as livestock feed. 

 

 

 

Figure 30 Overview of Dalby sorghum grain ethanol production. 

 

A.2.2 Solving allocation issues in ethanol from molasses 

The allocation issue for sorghum based ethanol was the co-production of DDGS, which is used as a high 
protein animal feed. Table 24 shows how the high protein meal was credited with a mix of wheat and lupins, 
which matched the protein and energy content of the DDGS. Figure 31 shows how the lupins and wheat credit 
were used in the system boundary allocation.  
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Figure 31 System boundary using system expansion for ethanol from sorghum. 

 

Table 24 Assumption for crediting ethanol from sorghum for production of DDGS. 

Item Amount Energy** MJ Protein fraction 

DDGS 1 16.1 0.373 

Lupins credit 0.9 12.5 0.34 

Wheat credit 0.25 3.12 0.03 

Total credit  16.4 0.37 

Data on energy and protein contents are from Appendix B. 

 

Data for energy content and economic value of ethanol and DDGS, which were used in the energy and 
economic allocation sensitivity analysis, are shown in Table 25.  

Table 25 Price and energy assumption for allocation of ethanol and DDGS in sorghum to ethanol process. 

 Wholesale 
price (USD)  

Energy MJ/kg DM Price reference/Energy 
reference 

Ethanol 0.44/litre 29.6 (Trading economics 2016) 

DDGS 240/tonne 20.5 (U.S. Grains Council 2016)/(INRA, 
CIRAD et al. 2016) 
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A.2.3 Data sources 

The data on ethanol production from sorghum grain are presented in Table 26. The data were provided by 
United Petroleum, which operates the Dalby Bio-Refinery (Hughes 2016). 

Table 26 Ethanol from sorghum unit process data. 

Flow Unit Value Comment 

Product outputs     

Ethanol, from sorghum, Dalby kg 0.79 1 litre  

Dried distiller’s grains and solubles  kg 0.671 28% of sorghum input 

Materials and energy inputs    

Energy, from natural gas MJ 6.8 DBRL data 

Energy, from natural gas MJ 5.8 Dehydration, estimate DBRL 

Energy, from natural gas MJ 1.56 Drying the distiller’s grains 

Electricity, low voltage, QLD kWh 0.31 DBRL data 

Electricity, low voltage, QLD kWh 0.0088 Energy for dehydration 

Sorghum input kg 2.52 DBRL data sorghum consumed per litre 
of ethanol 

Direct emission       

Carbon dioxide, biogenic kg 0.75 From fermentation 
Source: (pers. comm., Gavin Hughes, General Manager, CEO United Ethanol). 
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A.3 Ethanol from wheat and starch waste 

A.3.1 Overview of the process 

The ethanol from starch waste and wheat process is a similar process to that undertaken at Manildra’s 
Bomaderry plant. The process uses a mix of carbohydrate rich waste from starch production, supplemented 
with wheat grain. Approximately 40% of the ethanol was assumed to be from grain, with 60% from starch 
waste. The process is outlined in Figure 32, representing the fermentation of two feedstocks before the 
ethanol was distilled and dehydrated. There is a by-product of distiller’s grains and solubles because grains 
were included. 
 

  

Figure 32 Description of ethanol from starch waste and wheat. 

 

A.3.2 Solving allocation issues 

Figure 33 shows how system boundary expansion was undertaken with a debit for starch waste input and a 
credit for distiller’s grains production. For the system expansion for starch waste supply, the same processes 
used for molasses were applied. The digestible energy content of the starch was assumed to be 16.7 MJ/kg 
and protein content assumed to be zero. Table 27 shows the calculation of the forage sorghum required to 
offset the starch waste energy value. The value of the replacement was set a little below that of the starch 
waste to account for the protein benefit of the sorghum. For DDGS credit, the calculations were the same as 
those used in sorghum grain ethanol, with the details of which are shown in Table 28. 
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Figure 33 System boundary for the system expansion for ethanol for wheat starch waste and wheat grain. 

 

Table 27 Assumption for supplementation of starch waste with additional protein from lupins to meet nutrient 
balance of feed wheat substitute. 

Item Amount kg Metabolisable 
energy MJ/kg DM 

Protein kg 

Starch waste 1.00 14 0 

Forage sorghum 3.5 12.6 0.1 

Source: Appendix C for data on forage sorghum energy content. 
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Table 28 Assumption for crediting ethanol from sorghum for production of DDGS. 

Item Amount Energy** MJ Protein fraction 

DDGS 1 16.1 0.373 

Lupins credit 0.9 12.5 0.34 

Wheat credit 0.25 3.12 0.03 

Total credit  16.4 0.37 

Source: Data on energy and protein contents are from Appendix B. 
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For the energy and economic allocation sensitivity there were two allocations: flour production from wheat and 
starch production from flour. Table 29 shows the prices and energy contents used for starch production from 
which wheat starch waste was a co-product. Table 30 shows the same data for the production of wheat flour 
from wheat grain. These two sets of data were required in order to undertake the sensitivity analysis using 
economic and energy allocation for ethanol from wheat starch waste. For the wheat grain used in ethanol 
production at Manildra, an allocation was required for the DDGS co-product; the data for this are assumed to 
be the same as for the distiller’s grains from the sorghum grain process, which are shown in Table 25.  

Table 29 Price and energy assumption for allocation sensitivity. 

 Wholesale price 
(USD/tonne) 

Gross energy 
MJ/kg DM 

Price reference 

Wheat starch 
waste  

50 25 Estimated based on value in ethanol 
production  

Starch 400 14.54 (International Starch Institute 
2016)/(Amilina 2016) 

Gluten  800 15.5 Author estimate/(Self Nutrition Data) 

 

Table 30 Flour energy and economic allocation. 

 Wholesale price 
(USD/tonne) 

Gross energy MJ/kg 
DM 

Price reference 

Flour  2,220 14.4  

Bran 2,891 9  

Germ  6,000 36.9  

Source: USD/tonne – online bulk supply http://www.nextag.com/ (United States Department of Agriculture 2016). 

 

  

http://www.nextag.com/
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A.3.3 Data sources 

Data for wheat and starch waste was modelled from report into the Manildra plant expansion in 2008 (GHD 
2008). It specified the wheat supply as 290,000 tonnes, suggesting it makes up around 40% of the feed to 
the ethanol plant. The waste from the wheat starch plant is of considerable value because it is high in 
energy, although low in fibre. It is difficult to obtain specific information on the wheat starch waste; however, 
a starch textbook suggests it is mostly starch, washed away from the gluten – which is protein – in gluten 
production (Maningat, Seib et al. 2009). Other potential uses for this waste include anaerobic/aerobic 
digestion, spray irrigation and concentration by evaporation and drying for animal feed (Maningat, Seib et al. 
2009). 
 
Data for ethanol production from wheat and wheat starch waste is outlined in Table 31. When using the 
economic or energy allocation data, data are also needed for the production of starch from flour and the 
production of flour from wheat. These processes are shown in Table 32 and Table 33 respectively.  
 

Table 31 Process data for one litre of production including fermentation, distillation and dehydration. 

Flow Unit Value Comment 

Products    

Ethanol, from starch 
waste and wheat 

kg 0.79 1 litre  

DDGS    

Materials and energy        

Wheat, Central East, 
NSW, at farm 

kg 0.96 GHG report 290,000 tonnes grain use which at 2.4 t/l of 
ethanol gives 120 ML of ethanol from grain out of 300 ML 
total, i.e. 40%. 

Wheat starch waste kg 0.72 60% of ethanol coming from wheat starch waste. 1.2 kg/l of 
ethanol. 

Energy, from natural gas MJ 6.3 70% of energy from coal – inferred from GHD report. 

Energy, from coal MJ 2.7 30% of energy from coal – inferred from GHD report. 

Electricity, natural gas, 
cogeneration, at power 
plant 

MJ 0.1 Electricity assumed from gas cogeneration plant. 

Electricity,  kWh 0.0085 Dehydration is undertaken in Victoria – based on Beer, 
Grant et al. 2001. 

Steam, for dehydration kg 0.05 Dehydration is undertaken in Victoria – based on Beer, 
Grant et al. 2001. 
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Table 32 Data for starch production from wheat flour. 

Flow Unit Value Comment 

Products    

Starch  1 kg Fraction of starch yielded from wheat 
input,Maningat, 2009, 45–60%. 

Starch waste  0.6 kg Fraction of usable waste yielded from wheat 
input. 

Gluten  0.238 kg Maningat, 2009, 10–15%. 

Materials/fuels    

Flour, wheat 1.9 kg  

Tap water 10 kg Maningat 2009 suggest water input of 10 times 
the mass of flour. 

Electricity 0.45 kWh  

Heat, natural gas 3.4 MJ  

Emissions to water    

BOD5, biological oxygen 
demand 

0.254 g  

Source:(Ness, Narayanaswamy et al. Undated). 

 

Table 33 Data for flour production from wheat grain. 

Flow Unit Value Comment 

Products    

Flour, wheat kg 0.826  

Germ, wheat kg 0.02  

Bran, wheat kg 0.12  

Materials and energy     

Wheat, central east, NSW, at farm kg 1  

Transport, truck, 28 t, fleet average kgkm 70  

Tap water kg 0.1  

Chemicals organic, at plant mg 40  

Electricity, low voltage, New South Wales kWh 0.08  

Heat, natural gas kWh 0.1  
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A.4 Ethanol from cellulose 

A.4.1 Overview of the process 

Ethanol is produced through the fermentation of the cellulose in wood waste. This process is based on the 
enzymatic hydrolysis of cellulose and co-fermentation of glucose and xylose to ethanol. First, the cellulosic 
material undergoes a pre-treatment, which starts the degradation of the waste. This step releases the sugars 
in hemicellulose, which is then transferred to the main treatment process. Here, the pre-treated solids are 
fermented with the cellulose enzyme to release glucose from the cellulose. Finally, an organism is added that 
ferments the sugars from hemicellulose and the glucose released from the cellulose into ethanol. The output 
of this process contains 5% per volume of ethanol and goes through a distillation process where it is 
concentrated to 95% per volume. The solid output is then burnt to generate heat and electricity used during 
the process. A schematic of the process is shown in Figure 34. 

In the context of Queensland, it was assumed that the input of wood waste would be trash cane from sugarcane 
production or wood waste from forestry. As such, it was considered that there are no prior burdens associated 
with its production. 

 

Figure 34 Overview of process for production of ethanol from cellulosic material. 

A.4.2 Solving allocation issues 

The feedstock into the cellulosic ethanol plant was assumed to be a waste material and therefore carried no 
prior burden from the production system from which it was derived, so no allocation was required. The process 
biomass combustion of residual material produced more energy that was required internally by the process, 
so electricity was therefore exported to the grid. For the system expansion, it was assumed that the electricity 
would replace electricity from coal in Queensland. The primary energy content of fuel into electricity and the 
energy value of ethanol were used for energy allocation. The same values used for electricity in the molasses 
allocation were used for economic allocation. 

Table 34 Data used for economic and energy allocation of ethanol and electricity. 

Product Wholesale price 
(USD)  

Energy Price reference/Energy reference 

Ethanol 0.44 29.6 (Trading economics 2016) 

Biomass (electricity) 5.20 9.6 (AEMO 2016)/(Department of the 
Environment 2014) 

 

A.4.3 Data sources 

In the absence of primary data sources for the production of ethanol from wood waste, the model was based 
on an existing European model for the production of ethanol from wood waste, published by ecoinvent 
(Jungbluth, Chudacoff et al. 2007). The original dataset considered an annual production of 42 kt of hydrated 
ethanol (95% wt.) and 1,800 MWh of electricity, and was modified to be applicable to the Australian context, 
in particular to Queensland. Background processes from AusLCI were used to replace the original inputs from 
the ecoinvent model where applicable (ALCAS 2016).  
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A.5 Tallow inventory data 

A.5.1 Overview of the process 

The beef industry produces three main co-products, which represent up to 20% of the value of beef carcasses. 
These are hides, offal and rendering product. Tallow is one of the co-products of rendering, the others being 
blood and bone meal. Tallow is an internationally traded commodity and Australia is a major exporter of tallow.  

Tallow is processed to biodiesel through transesterification with methanol and caustic soda. In Queensland, 
Eco Tech use tallow as one of the feedstocks for the biodiesel plant in Brisbane.  

 

 

 

 

Figure 35 Overview of process for production of tallow from beef. 

 

A.5.2 Solving allocation issues  

As a co-product of beef production, tallow is part of a global market of oils and fats used in a wide range of 
applications including food, soap, cosmetics and animal feed. The use of tallow in biodiesel competes with 
these other uses. In this market, palm oil is the most competitive supply of new oil in the world (Schmidt and 
Weidema 2008). Figure 36 shows how the system boundary was set for biodiesel from tallow (and used 
cooking oil). The system generating the product was excluded, and instead the system boundary included the 
impact of replacing the current uses of tallow with the cheapest alternative, which was crude palm oil.  
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Figure 36 System boundary for biodiesel production from tallow using system boundary expansion. 

 

Data for economic and energy allocation of tallow were taken from the Agri-footprint database (Blonk 
Consultants 2014), which contains life cycle inventories for tallow based on both these allocations.  

A.5.3 Data sources 

The palm oil production data, which substitutes for tallow, was from ecoinvent data (Weidema, Bauer et al. 
2013). Malaysia palm oil production has been used based on production on existing land. For the economic 
and energy allocation, data on beef production in Queensland was developed from cattle numbers from the 
Australian Bureau of Statistics (ABS) (Australian Bureau of Statistics 2015), herd characteristics from the 
BreedCow model (Holmes, Sullivan et al. 2011) and emissions data from the Farm Gas model (Australian 
Farm Institute 2010) and the National Inventory Report (Department of the Environment 2015). Data on 
slaughtering and rendering of beef co-products was taken directly from the Agri-footprint database (Blonk 
Consultants 2014). 
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A.6 Used cooking oil 

A.6.1 Overview of the process 

Cooking oil has gained popularity as a potential alternative source to petroleum-based diesel fuel. The result 
is a non-toxic biodegradable fuel with a lower emissions profile than petroleum fuel (Meher, Vidya Sagar et al. 
2006). Vegetable oil must be modified in order to be used as a biodiesel. These modifications may include 
micro-emulsion, pyrolysis and transesterification (Enweremadu and Mbarawa 2009). 

 

 

Figure 37 Overview of process for production of biodiesel from used cooking oil. 

 

A.6.2 Solving allocation issues 

For system expansion, used cooking oil was treated identically to tallow, with its input being part of the global 
competitive market for oils and fats. 

For the economic allocation, the value of the oil for its initial use was compared to the value paid to oil 
restaurants for its collection. A price of 0.33 to 0.66 USD per gallon (Investopedia 2012) was quoted in 2012, 
so the lower end of this was used for this study, as the drop in crude oil prices is likely to have pushed the 
value of used oil to the lower rather than higher value.  

Table 35 Data for calculating economic allocation for used cooking oil. 

Oil value Price 
(USD/tonne) 

% Allocation Comment 

Total value of oil 700  914 CAD using conversion of 77c for CAD to USD 

Used oil sale 78 11% Based on 33 cents per gallon and density of 0.9 kg/l 

Value of first use 622 89% Calculated by difference from initial cost minus resale 
value 

A.6.3 Data sources 

The modelling of used cooking oil was the same as for tallow in the case of system expansion. For the energy 
and economic allocations, the data for vegetable oil production was assumed to be the same as for canola oil, 
and then the treatment and processing of collected waste oil was from ecoinvent (Jungbluth, Chudacoff et al. 
2007). 
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A.7 Canola 

A.7.1 Overview of the process 

Canola is an important crop in Australia as it provides benefits as a break crop for cereals in terms of weed 
and disease control (Angus, Kirkegaard et al. 2015) and is a high value crop that makes a significant 
contribution to farm profitability. Canola is a winter oilseed (April to November growing season) and is grown 
throughout the cropping regions in New South Wales, Victoria, South Australian and Western Australia, with a 
small quantity grown in southern Queensland and in Tasmania.  

Canola seed is harvested and nearly all seeds are used for oil extraction, either domestically or exported as 
seed for processing overseas. Between 2012–15 approximately 1.7 MT of canola was exported to the EU for 
biodiesel production. (Australian Bureau of Statistics 2015). 

Figure 38 shows how canola is transformed to biodiesel through extraction of oil from the seed, using a 
crushing and hexane extraction, which produces canola meal as a by-product, and then the crude oil is refined 
and transesterified to biodiesel. The yield of canola oil from seed is 38% with the meal production being the 
other 62%. 

 

 

Figure 38 Biodiesel production from canola. 
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A.7.2 Solving allocation issues 

There are two main co-products from canola biodiesel production: canola meal from seed crushing and 
glycerine from transesterification. Figure 39 shows the credit from meal production was lucerne feed, and the 
credit provided for glycerine production was forage sorghum. The justification for the canola substitute is 
explained in Table 36, with the substitution of canola meal with lucerne needing to be balanced with 
supplementation of the meal with sorghum. This is because additional energy was added to the feed to offset 
the very high protein content of canola meal (39% protein) with lucerne (19% protein). This energy was offset 
with a lower protein feed such as sorghum grain (11% protein). While this may seem convoluted, the process 
of making up animal feed mixes balances many different inputs with different energy, protein and other nutrient 
qualities based on availability and cost of each input. 

 

Figure 39 System boundary for canola with system expansion. 

Table 36 Assumptions for credit provided for canola meal derived from canola oil production. 

  Amount used Energy Protein 

Canola meal 1  11.44   0.35  

Sorghum 1.2  16.47   0.11  

Nutrient value of mix    27.91   0.46  

Lucerne 3  27.06   0.47  

 

Table 37 shows the energy and economic data used for the alternative allocation approach for canola meal 
allocation.  

Table 37 Energy and economic data used for canola meal and canola oil allocation. 

  Wholesale price 
(CAD/tonne) 

Gross energy 
MJ/kg DM 

Price reference 

Canola oil 914 36.99 (Canola Council of Canada 
2014)/(United States Department of 

Agriculture 2016) 

Canola meal 348 19.6 (Canola Council of Canada 2014) (INRA, 
CIRAD et al. 2016) 
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A.7.3 Data sources 

Appendix C describes the sources of data for cropping data used throughout this study, including canola 
production. The oil extraction data was taken from ecoinvent data on rape seed oil and is shown in the 
production process (Jungbluth, Dinkel et al. 2007), with electricity supply taken from the Queensland grid 
process.  

 

Table 38 Unit process for canola oil production from canola seed. 

Products Flow Unit Comment 

Products    

Canola oil 1 kg  

Canola meal  1.6 kg  

Resources    

Water, cooling, unspecified 
natural origin/m3 

0.08 l  

Materials/fuels    

Heat, natural gas 0.31408 MJ Data from literature survey (1998–2006) & 
biodiesel producers 

Transport, freight, rail 0.000927 tkm Based on ecoinvent Guidelines, standard 
distances 

Transport, truck, 28 t, fleet 
average 

0.000154 tkm Based on ecoinvent Guidelines, standard 
distances 

Transport, truck, 3, 5 to 16 t, 
fleet average 

0.040692 tkm Based on ecoinvent Guidelines, standard 
distances 

Oil mill 8.73E-10 p Calculation, according to feed capacity and 
lifetime of the plant 

Bentonite 0.00104 kg (Data from literature survey (1998–2006) & 
biodiesel producers 

Hexane 0.000487 kg Data from literature survey (1998–2006) & 
biodiesel producers 

Phosphoric acid, industrial 
grade, 85% in H2O 

0.000934 kg Data from literature survey (1998–2006) & 
biodiesel producers 

electricity, low voltage, 
Australian 

0.15352 kWh Data from literature survey (1998–2006) & 
biodiesel producers 

Canola average, NSW and QLD 2.62 kg Data from literature survey (1998–2006) & 
biodiesel producers – sum of all type of 
canola seeds 

Emissions to air    

Heat, waste 0.19429 MJ Ecoinvent guidelines, calculation from 
electricity consumption and energy balance 

Hexane 0.000487 kg Emissions are taken to be equal to input of 
gas 

Water 3.4666E-
5*1000 

kg  

Emissions to water    

Water 0.05 kg  
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A.8 Palm oil 

A.8.1 Overview of the process 

The production of palm oil from palm fruits involves steaming the fruit bunch in order to stop the natural 
enzymes from degrading it, as well as softening the hard part of the fruit and loosening the fruits off the bunch. 
Following this initial step, the entire bunch is sterilised, and the fruits are separated from the rest of the bunch. 
After pressing, the process yields raw oil and press cakes. The latter is then treated to extract palm kernel oil 
and results in a solid output called palm kernel meal. The waste from this process, such as the shells, fibres 
and empty fruit bunches, is used as fuel to supply heat and electricity to conduct the entire process.  

It was assumed here that imports of palm oil would be sourced from Malaysia, as it is the largest global 
producer.  

 

 

Figure 40 Overview of process for production of biodiesel from palm fruits. 
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A.8.2 Solving allocation issues 

The production of refined palm oil involves the production of palm kernel oil and palm kernel meal during the 
pressing process. The ecoinvent database has palm kernels as an input to chemical production in the fatty 
alcohol feedstocks marker, and offsets ethylene and paraffin feedstocks. The palm kernel meal is a valuable 
output that is used to replace other protein feed, which in ecoinvent is identified as barley. 

 

 

 

Figure 41 System boundary for crude palm oil production using system expansion. 

 

A.8.3 Data sources 

Palm oil production has been extensively studied in the past decade, and robust models are available. These 
were adapted to suit the context of using palm oil in Queensland. The model it was based on was sourced 
from ecoinvent (Jungbluth, Chudacoff et al. 2007). Background processes from AusLCI were used to replace 
the original inputs from the ecoinvent model where applicable (ALCAS 2016). 
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A.9 Soybeans 

A.9.1 Overview of the process 

Soybean oil was one of the earliest sources of biofuel, especially in the US after an important study was 
released by the National Renewable Energy Laboratory (NREL) in 1998 (Sheehan, Camobreco et al. 1998). 
Soybean oil is by far the largest contributor to the global oils and fats supply. The process for soybean oil 
production is very similar to that of canola oil production, with the soybean being crushed and pressed to 
extract the oil with a hexane solvent as shown in Figure 42.  

The production of soybean oil is very similar to canola but with different oil and meal yields, soybeans yielding 
21% oil and 79% meal. 

 

 

Figure 42 Outline of process to produce soybean oil. 

 

A.9.2 Solving allocation issues 

System expansion 

The production of biodiesel from soybeans involves growing and harvesting soybeans, crushing, and hexane 
extraction of the oil prior to its esterification to make biodiesel. In most markets around the world, soybean 
meal is not a by-product but the main product, driven by its high value as a stock feed (Schmidt and Weidema 
2008). However, for this study we examined production of soybeans in coastal areas of Queensland 
specifically for biodiesel requirements, and therefore treated the oil as the determining product. The system 
boundary for the system expansion allocation was therefore identical to the canola situation shown in Figure 
39; however, the values for the offset were different due to different protein contents in the meal. The 
calculation for the credit for soybean meal is shown in Table 39. 

 

Table 39 Assumptions for credit provided for soybean meal derived from soybean oil production. 

  Amount 
used 

Energy Protein 

Soybean meal 1  14.90   0.48  

Sorghum 1.2  16.47   0.11  

Nutrient value of mix    31.37   0.59  

Lucerne 3.5  31.57   0.55  
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Energy and economic allocation 

The data for the economic and energy allocation of soybean oil and soybean meal is shown in Table 40. 

Table 40 Energy and economic data used for soybean meal and soybean oil allocation. 

  Wholesale 
price 

(USD/tonne) 

Gross energy 
MJ/kg DM 

Price reference/Energy reference 

Soybean oil 707 36.99 
(Index Mundi 2016)/(United States Department of 

Agriculture 2016) 

Soybean 
meal 

407 19.7 
(Index Mundi 2016) /(Canola Council of Canada 

2014) (INRA, CIRAD et al. 2016) 

 

 

A.9.3 Data sources 

Soybean production was assumed to be irrigation production on the coast of Queensland. It is potentially used 
as a break crop between sugarcane rotations. Data on oil extraction from soybeans was from ecoinvent 
(Jungbluth, Chudacoff et al. 2007), with the energy supply assumed to be from the Queensland electricity grid.  
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A.10 Pongamia production data 

A.10.1 Overview of the process 

Pongamia is native to India, which is also the location of ongoing research and use on pongamia oil. Data was 
collected from three different manufacturers in India regarding current usage and price of pongamia oil and 
cake. Pongamia oil in India finds its way into the pharmaceutical and fertiliser industries, while one 
manufacturer also reported an intake of 10–20% of pongamia oil by leading petroleum manufacturers. 

 

 

 

Figure 43 Overview of process for production and use of pongamia. 
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A.10.2 Solving allocation issues 

The majority of the oil cake is used a bio-fertiliser, and a small fraction of it is used as a feed for poultry and 
fish. The chemical composition of pongamia cake (M Osman 2009) is given in Table 41. Figure 44 shows how 
credits were applied for the main nutrient constituents in the pongamia cake. Table 37 also shows the 
calculation for the credits provided to pongamia, based on the relative nutrient content of the credit compared 
to the cake.  

 

 

 

Figure 44 System boundary for pongamia allocation using system expansion. 

Table 41 Chemical composition of pongamia cake used for the study. 

Nutrients Content Nutrient credit Nutrient content 
(%) 

Pongamia cake (kg/kg) 

Nitrogen (%) 4.28 Urea 46  0.093  
Phosphorus (%) 0.4 Triple super phosphate 20  0.020  
Potassium (%) 0.74 Potassium chloride 52  0.014  
Calcium (%) 0.25    

Magnesium (%) 0.17    

Zinc (ppm) 59    

Iron (ppm) 1,000    

Copper (ppm) 22    

Manganese (ppm) 74    

Boron (ppm) 19    

Sulphur (ppm) 1,894    

 

For the economic and energy allocation, the current cost of pongamia oil in India was assumed to be 65 INR 
(1.35 AUD) per litre, while sales of cake were assumed to be 15.00 INR (0.31 AUD) per kg. 
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A.10.3 Data sources 

The inventory was based on a biomass production model for pongamia (Colin Stucley 2012). It was based 
on a hypothetical study of a plantation in Queensland with an area of 500 ha. The total life span of pongamia 
cultivation was assumed to be 40 years before the plants were replaced with improved yield varieties. Seed 
harvest started from the 5th year reaching full capacity by the age of 10 years, continuing the same for next 
30 years. Seeding rate was taken as 20 kg/tree/year, with a tree-planting density of 350 trees per hectare, 
which calculated to the yield of 7 t/ha/year of mature plantation. This yield concurs with the expected yield of 
(Murphy, O’Connell et al. 2012) and yield estimates of (Scott, Pregelj et al. 2008) and (Graham 2011).  
Assumed fertiliser use was based on Bioenergy in Australia, where it was assumed to be CSBP Super 
Potash 1:1, containing P 4.6%, K 24.8%, S 5.3% and Ca 10%. An average of 606 kg/ha/year of fertiliser was 
adopted, based on Table 10–3 of the same study, as shown in Table 42. 

Table 42 Fertiliser use for pongamia production (averaged). 

Years since establishment of plantation   1 2 3 4 5 6+ 

Fertiliser  kg/ha 66 132 189 330 440 660 

 

The inventory assumed an annual cost of 42 AUD per hectare towards weed control starting from the very 
first year of establishment. Pesticides and disease control were assumed to be 10 AUD per hectare in year 
one, escalating to 197 AUD per hectare by year 10 and beyond. The study did not provide the details (types 
and amounts) of herbicides and pesticides used. Bearing similarity to the almond tree in terms of plant and 
seeds, the economic model was translated to the type and amount of herbicides and pesticides based on 
Economics of Almond Production in Southern Australia (Pocock and Rural Solutions SA 2007). Tractor and 
machinery operations were normalised to one year, using a 40-year life cycle of the pongamia plant. 

Table 43 Inventory data for pongamia production averaged for 1 year. 

Materials Units Value Comment 

Products    

Pongamia seeds t 7  

Machinery inputs    

Cultivating  Number of passes per year 1/40  

Disc ploughing Number of passes per year 1/40  

Planting Number of passes per year 1/40  

Spraying Number of passes per year 6  

Fertilising Number of passes per year 1  

Harvesting Number of passes per year 1  

Herbicides    

Glyphosate 1/ha/year 5.2  

Diquat dibromide 1/ha/year 0.405  

Paraquat 1/ha/year 0.345  

Pesticides    

Copper hydroxide kg/ha/year 3.6  

Mancozeb kg/ha/year 4.5  

Chlorothalonil kg/ha/year 4.0  

Propiconazole kg/ha/year 0.238  

Fertilisers    

CSBP Super Potash 1:1 kg/ha/year 606 Average fertiliser used over 40 
years 
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A.11 Biodiesel production  

A.11.1 Overview of the process 

A common inventory process was used in this LCA for the conversion of vegetable oils and tallows into 
biodiesel. The dominant technology for biodiesel production is through transesterification with methanol or 
ethanol, and either sodium hydroxide or potassium hydroxide as shown in Figure 45. While the source of oils 
and fats to be converted make small differences to the biodiesel production process, these are small enough 
to ignored.  

 

Figure 45 Overview or process for transesterification of oils to biodiesel. 

 

A.11.2 Solving allocation issues  

The glycerine produced from biodiesel production is contaminated with methanol and is high in salt and free 
fatty acids, making it unsuitable for many traditional markets such as nutrition and chemical process input. 
(Ciriminna, Pina et al. 2014). In 2015, 53% of glycerine was combusted for energy but there has also been 
suggestions that crude glycerine can be used as feed to pigs and poultry (Min, Yan et al. 2010). Crude 
animal feed was used as the default option with energy use via combustion used for the sensitivity analysis. 
Figure 46 shows the substitution of forage sorghum for glycerine in the animal feed market and potassium 
chloride for potassium sulfate.   
 

 

Figure 46 System boundary for biodiesel production using system boundary expansion. 
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Table 44 and Table 45 show the calculation of offsets for glycerine and potassium sulfate respectively. Data 
for economic and energy allocation of glycerine, potassium sulfate and biodiesel was based on the data in 
Table 46.  

Table 44 Substitution used in system expansion for glycerine production from biodiesel. 

 Amount (kg) Energy (ME) 
MJ 

Protein kg 

Glycerine 1 12  

Forage sorghum 3 10.80 0.31 

See Appendix C for data on lupins and wheat energy content. 

Table 45 Substitution used in system expansion for potassium sulfate from biodiesel. 

 Amount per litre 
biodiesel 

Potassium content (%) Potassium kg/litre 
biodiesel 

Potassium sulfate 0.041 45 0.018 

Potassium chloride 0.035 52 0.018 

See Appendix C for data on lupins and wheat energy content. 

Table 46 Data used for economic and energy allocation of biodiesel, glycerine and potassium sulfate. 

Product Wholesale  
(USD/tonne) 

Energy Price reference/Energy reference 

Biodiesel 95 29.6 (UFOP 2015)/(Department of the 
Environment 2014) 

Glycerine 895 14.5 (Index Mundi 2016)/(Min, Yan et al. 
2010) 

Potassium sulfate 600 0 (Alibaba 2016) 

Unable to ascertain an energy content for potassium sulfate.  
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A.11.3 Data sources 

All biodiesel conversion processes were from the ecoinvent report (Jungbluth, Chudacoff et al. 2007) and are 
shown in Table 47. Data was collected from Eco Tech, which aligned closely to the data from ecoinvent with 
some minor differences. As a complete dataset was not available, the report has used the unmodified 
ecoinvent data with confidence that it is a good representation of biodiesel production from different feedstocks.  

Table 47 Unit process data for biodiesel production. 

Item Flow  Unit 

Products    

Biodiesel 1  kg 

Glycerine 0.109  kg 

Potassium sulfate 0.041  kg 

Inputs    

Potassium hydroxide 0.011  kg 

Methanol 0.114  kg 

Tap water 0.0167  kg 

Phosphoric acid 0.0046  kg 

Electricity, medium voltage 0.0423  kWh 

Vegetable oil esterification facility 9.3E-10  unit 

Heat, natural gas 0.924  MJ 

Crude vegetable oil/tallow 1.028  kg 

Carbon dioxide, in air 0.145  kg 

Emissions    

Water 0.000145  m3 

Water 0.000126  m3 

Carbon dioxide, non-fossil 0.227172  kg 

Wastewater 0.00006  m3 

 



 

|  67 

A.12 Gasoline and diesel 

A.12.1 Crude oil 

According to the latest statistics, Australia’s local production of crude oil is localised in seven basins. The main 
extraction basin is ‘Carnavon/Perth’, with 64% of the total production. The rest of the production is shared 
between the Bonaparte, Cooper-Eromanga and Gippsland/Otway/Bass basins. Volumes of crude oil extracted 
from each basin over the past five financial years are described in Table 48 below. 

Table 48 Evolution of Australian crude oil production at the basin level. 

 Unit 2010–11 2011–12 2012–13 2013–14 2014–15 

Amadeus ML 29 38 35 33 48 

Bonaparte ML 542 2,064 1,952 1,455 1,718 

Canning ML 2 2 1 - - 

Carnarvon/Perth # ML 19,736 17,125 14,306 13,031 12,223 

Cooper-Eromanga ML 1,268 1,567 1,891 2,555 2,318 

Gippsland/Otway/Bass # ML 3,979 3,194 3,017 3,055 2,747 

Surat-Bowen ML 27 22 12 11 6 

TOTAL ML 25,582 24,014 21,214 20,140 19,061 
Source: Department of Industry (2016), Table 1BB. 

Overall, a steady decrease of the total extraction was observed, of about 5% to 12%, on a year-on-year basis. 
When looking at broader statistics on the level of import/export and domestic production, we also find that 
there was an overall decrease of crude oil reaching Australian refineries (either from imported or domestic 
production) – as shown on Table 49. The evolution of the refining industry in Australia over the past five years 
and its implication on crude oil consumption are discussed in Section A.12.2. 

Table 49 Crude oil local production and import statistics. 

 Total input 
to refineries 

Import Total local 
production 

Export % import of 
total used 

Balance 

 ML ML ML ML % ML 

2010–11 40,172 31,774 25,582 19,621 79 -2,437  

2011–12 39,164 29,505 24,014 17,424 75 -3,069  

2012–13 37,728 29,520 21,214 15,761 78 -2,755  

2013–14 34,947 27,678 20,140 14,817 79 -1,947  

2014–15 29,898 24,267 19,061 15,152 81 -1,722  

Source: Department of Industry (2016), Table 2, Table 4, Table 1BB and Table 5. 

According to the information provided by the Department of Industry, approximately three-quarters of locally 
produced crude oil is exported. For over 50% of crude oil export, the destination is unknown as data has been 
confidentialised by the ABS. Singapore and Thailand represent the largest identifiable destinations for crude 
oil, with 22% and 14% of the total produced, respectively. 

In terms of imports of crude oil and other feedstocks to refineries, the three major sources are Malaysia (26%), 
the United Arab Emirates (18%) and Indonesia (10%). 

A.12.2 Refining and refined petroleum product 

Domestic production of refined petroleum products occurs mainly in four refineries operating in Kwinana 
(Western Australia), Lytton (Queensland), and Geelong and Altona (Victoria), for a total capacity of 27,190 ML 
(AIP 2013). These refineries are all operated by some of the major petroleum companies: BP, Caltex and 
Mobil. Other refineries are operated by independent petroleum companies but are not considered significant 
due to their lower production capacity. 

As reported in Section A.12.1, we observed a clear trend for reduced quantities of crude oil reaching Australian 
refineries over the past five years. Three refineries have stopped their activities and are likely to become import 
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terminals for refined products. The Geelong refinery might be the fourth to stop its activity in the near future, 
as suggested by a report from AIP (AIP 2013). 

This fast consolidation of the market reflects larger trends at play in the Asia-Pacific region, and is in line with 
trends observed in Europe. Large scale refineries have started operating in the past few years, for instance in 
India, with production capacities up to an order of magnitude larger than Australian facilities. The aftermath of 
the global financial crisis has led to an oversupply of refined petroleum products on the market, leading these 
producers to lower their prices to a point where Australian producers find difficult to compete. 

The reduction in Australian refining activity is therefore matched by an increase in the volume of fuels imported, 
and an increase of the share of these fuels on the market, as shown in Table 50 and Table 51. As of last 
financial year, imported gasoline represents 31% of total sales by volume, while imported diesel represents 
64%. In the case of gasoline, the quantity of import has doubled in five years, with no significant variation in 
national consumption, but a 23% drop in local production. In the case of diesel, local production is now 
significantly lower than imports. The imported quantity has been steadily increasing over the past five years, 
with a 72% increase overall from 2010–11 to 2014–15. In the same period, demand for diesel oil has grown in 
Australia, with an 18% increase in sales, while domestic production has decreased 11%. 

Table 50 Automotive gasoline local production and import statistics. 

 Total sale Import Domestic prod. Export % import Balance 

 ML ML ML ML % ML 

2010–11 18,725 2,653 16,643 175 14 396 

2011–12 18,762 3,672 15,573 175 20 308 

2012–13 18,659 3,653 15,606 100 20 501 

2013–14 18,120 3,598 14,478 131 20 -175 

2014–15 18,070 5,534 12,753 118 31 99 

Source: Department of Industry (2016), Table 3A, Table 4, Table 2 and Table 5. 

Table 51 Diesel oil local production and import statistics. 

 Total sale Import Domestic prod. Export % import Balance 

 ML ML ML ML % ML 

2010–11 20,061 8,843 12,894 117 44 1,559 

2011–12 21,643 11,244 12,691 130 52 2,163 

2012–13 22,631 12,512 12,909 91 55 2,699 

2013–14 23,081 13,603 12,456 61 59 2,917 

2014–15 23,619 15,178 11,459 76 64 2,943 

Source: Department of Industry (2016), Table 3A, Table 4, Table 2 and Table 5. 

According to AIP, major petroleum product manufacturer Mobil Oil reported that it is currently more cost 
effective to export crude oil extracted in Australia rather than redistribute this supply nationally, which would 
explain the high rate of domestic crude oil exported rather than locally refined (AIP 2013). The same report 
quoted a representative of Shell reporting that operating costs of running ‘small’ scale Australian refineries is 
at a similar level as running refineries two or three times larger in locations such as Singapore or the Middle 
East. 

This information suggests a trend towards an increasing reliance on imported petroleum products, which is 
likely to continue in the years ahead. 

A.12.3 Domestic production 

To model domestic production of gasoline and diesel oil, it would be necessary to gather detailed information 
on the existing refineries operations. Datasets such as the National Pollutant Inventory provides a part of this 
information publicly, and for three of the four Australian refineries this data is available. But it does not provide 
a complete picture of the refining process due to the limitations of the reporting – pollutants such as carbon 
dioxide, methane or dinitrogen oxides are not reported. Other critical aspects such as energy use (electricity 
and heat), water use, flaring, process inputs, total annual production of the different fuels and their respective 
values would also be necessary, at a minimum. 
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From the available information on the market, we can conclude the following: 

 It is very unlikely for new refining infrastructure to be installed to replace closed refineries. 

 For strategic reasons and to insure the reliability of the fuel supply in Australia, the refining of petroleum 
products will continue in the foreseeable future. 

 The share of imported fuel on the Australian market is likely to increase as domestic activity is 
consolidated, eventually reaching a stabilised output. 

In conclusion, the lack of a complete set of data on domestic production, coupled with a trend towards an 
increasing share of imported products on the Australian market leads us to focus our modelling of conventional 
fuels on imported products, following the method detailed in the following section. 

Imports 

The life cycle inventory database ecoinvent v3.2 includes detailed information on refining activity at the global 
level. This data was used as background information for the production of refined fuels, while the transport 
associated by tanker was modelled based on publicly available data. 

 

Table 52 Domestic and imported share of diesel in Australia. 

Diesel % Comment 

Domestic 36%  

Japan 15.36% 64% import, 24% from Japan 

7,300 km from Tokyo to Brisbane 

South Korea 16.64% 64% import, 26% from South Korea 

8,167 km from Inchon (Seoul’s fuel port terminal) to Brisbane 

Singapore 23.68% 64% imports, 37% from Singapore 

7,115 km from Singapore to Brisbane 

RoW 8.32% 64% import, 13% from the rest of the world 

Assumed distance of 7,200 km, from China (Taipei) to Brisbane (the fourth 
largest importer with 3.2% of total diesel used). 

 

Table 53 Domestic and imported share of gasoline in Australia. 

Gasoline % Comment 

Domestic 69%  

India 4.65% 31% imports, 15% from India 

11,450 km from Mumbai (closest port) 

South Korea 11.78% 31% imports, 38% from South Korea 

8,167 km from Inchon (Seoul’s fuel port terminal) to Brisbane 

Singapore 10.85% 31% imports, 35% from Singapore 

7,115 km from Singapore to Brisbane 

RoW 3.72% 31% imports, 12% from the rest of the world 

Assumed distance of 7,200 km, from China (Taipei) to Brisbane (the fourth 
largest importer with 1.5% of total gasoline used). 

Note: all distances were calculated from www.sea-distances.org. 
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Appendix B. Crop and feed data assumptions 

  Dry matter 
(%) 

Energy 
(digestible) DM 

Protein DM 
(%) 

Reference 

Soybean meal 88 16.93 55 (Willis 2003) 

Canola meal 90 12.70 39 (INRA, CIRAD et al. 2016) 

Soybean 89 20.30 40 (Willis 2003) 

Lupins (seed) 88 13.90 38 (INRA, CIRAD et al. 2016) 

Wheat (grain) 87 15.60 13 (INRA, CIRAD et al. 2016) 

Sorghum (grain) 87 15.70 11 (INRA, CIRAD et al. 2016) 

Forage sorghum 48 7.50 6 (Ian J. Collett 2004) 

Barley 87 14.80 12 (INRA, CIRAD et al. 2016) 

Maize 86 16.50 9 (INRA, CIRAD et al. 2016) 

Oats 88 14.70 11 (INRA, CIRAD et al. 2016) 

Lucerne 82 11.00 19 http://www.fodderking.com.au/horses.html 

DDGS 90 16.1 37 (INRA, CIRAD et al. 2016) 
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Appendix C. Results for economic and energy 

allocation 

Economic allocation results for 1 litre of RULP and diesel replaced 
by biofuel  

Table 54 Results for replacement of one litre of RULP and diesel with biofuel using economic allocation.  

Indicator Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land use Water 
scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C deficit litre eq. 

E.Molasses -1.46 -32.20 2.61 0.53 3.92 73.30 

E.Sorghum -1.45 -24.20 2.42 -0.08 52.50 2.43 

E.Starch&Wheat -1.36 -24.60 2.59 0.16 23.20 -4.04 

E.Cellulose -2.12 -35.00 0.44 0.35 6.39 2.59 

BD.Tallow 6.18 -23.60 1.07 -0.22 3,078.00 1.37 

BD.UCO -2.75 -35.00 0.67 -0.30 4.05 -3.09 

BD.Canola -1.95 -26.70 7.67 0.55 112.00 3.99 

BD.OilPalm -2.51 -36.10 11.10 1.88 -1.54 54.50 

BD.Soybean -2.35 -32.40 2.56 -0.15 37.40 444.00 

BD.Pongamia -2.54 -36.00 0.60 -0.21 20.40 0.66 

 

Table 55 Percentage change for replacement of one litre of RULP and diesel with biofuel using economic 
allocation. 

 

 

 

 

 

 

 

 

  

Global warming 

%

Fossil energy 

depletion %

Eutrophication 

%

Particulate 

matter %

Land use % Water Scarcity %

E.Molasses -49 -77 387 86 51 1091

E.Sorghum -49 -58 358 -13 682 36

E.Starch&Wheat -46 -59 383 26 301 -60

E.Cellulose -71 -84 65 57 83 39

BD.Tallow 183 -52 146 -39 35776 19

BD.UCO -81 -76 90 -53 47 -44

BD.Canola -58 -58 1040 96 1306 56

BD.OilPalm -74 -79 1512 330 -18 770

BD.Soybean -70 -71 347 -26 435 6271

BD.Pongamia -75 -78 82 -37 238 9
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Energy allocation results for 1 litre of RULP and diesel replaced by 
biofuel  

 

Table 56 Results for replacement of one litre of RULP and diesel with biofuel using energy allocation. 

Indicator Global 
warming 

Fossil 
energy 
depletion 

Eutrophication Particulate 
matter 

Land use Water 
Scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

E.Molasses -0.32 -24.40 9.26 1.10 30.60 253.00 

E.Sorghum -1.42 -23.80 2.49 -0.07 54.00 2.66 

E.Starch&Wheat -1.50 -26.30 2.28 0.10 20.10 -4.30 

E.Cellulose -2.12 -35.00 0.44 0.35 6.39 2.59 

BD.Tallow 53.70 3.52 8.26 0.53 20442 34.60 

BD.UCO -2.77 -35.20 0.64 -0.30 3.75 -3.18 

BD.Canola -1.98 -27.10 7.47 0.52 109.00 3.73 

BD.OilPalm -2.53 -36.30 10.90 1.82 -1.71 53.00 

BD.Soybean -2.27 -31.50 2.93 -0.12 43.20 500.00 

BD.Pongamia -2.56 -36.20 0.58 -0.22 19.80 0.47 
 

 

 

Table 57 Percentage change for replacement of one litre of RULP and diesel with biofuel using energy 
allocation. 

 

 

 
 

Global warming 

%

Fossil energy 

depletion %

Eutrophication % Particulate 

matter %

Land use % Water scarcity %

E.Molasses -11 -58 1370 179 397 3760

E.Sorghum -48 -57 368 -12 701 40

E.Starch&Wheat -50 -63 338 16 261 -64

E.Cellulose -71 -84 65 57 83 39

BD.Tallow 1590 8 1120 93 237609 489

BD.UCO -82 -77 87 -53 44 -45

BD.Canola -59 -59 1014 92 1273 53

BD.OilPalm -75 -79 1475 321 -20 750

BD.Soybean -67 -69 397 -21 502 7062

BD.Pongamia -76 -79 78 -38 230 7
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Appendix D. Results per km and per unit of 

gigajoule of fuel use 

Table 58 Results for E10 and B5 for 1 kilometre using system expansion. 

Indicator Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land 
use 

Water 
scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

E.Molasses 0.213 2.95 0.0675 0.0499 0.739 0.53 

E.Sorghum 0.216 3.03 0.0701 0.0462 0.918 0.535 

E.Starch&Wheat 0.215 3.0 0.0724 0.0479 0.851 0.493 

E.Cellulose 0.208 2.9 0.0509 0.0464 0.538 0.502 

RULP 0.22 3.1 0.05 0.0455 0.57 0.497 

BD.Tallow 0.199 2.68 0.0775 0.0407 0.514 0.378 

BD.UCO 0.199 2.68 0.0775 0.0407 0.514 0.378 

BD.Canola 0.202 2.74 0.0771 0.0368 0.916 0.437 

BD.OilPalm 0.199 2.69 0.0826 0.04 0.515 0.467 

BD.Soybean 0.201 2.73 0.0673 0.0338 0.626 3.77 

BD.Pongamia 0.2 2.7 0.0471 0.0332 0.626 0.432 

Diesel 0.206 2.79 0.0449 0.0346 0.524 0.431 

 

Table 59 Results for E10 and B5 for 1 kilometre using economic allocation. 

Impact category Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land 
use 

Water 
scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

E.Molasses 0.212 2.93 0.064 0.048 0.591 0.894 

E.Sorghum 0.212 2.97 0.063 0.045 0.854 0.510 

E.Starch&Wheat 0.213 2.97 0.064 0.046 0.695 0.475 

E.Cellulose 0.209 2.91 0.052 0.047 0.604 0.511 

RULP 0.220 3.10 0.050 0.045 0.570 0.497 

BD.Tallow 0.224 2.74 0.048 0.034 9.013 0.437 

BD.UCO 0.199 2.71 0.047 0.034 0.538 0.424 

BD.Canola 0.201 2.73 0.066 0.036 0.836 0.444 

BD.Palm 0.200 2.71 0.076 0.040 0.522 0.583 

BD.Soybean 0.200 2.72 0.052 0.034 0.630 1.656 

BD.Pongamia 0.200 2.71 0.047 0.034 0.583 0.435 

Diesel 0.206 2.79 0.045 0.035 0.524 0.431 
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Table 60 Results for E10 and B5 for 1 kilometre using energy allocation. 

Impact category Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land use Water 
scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

E.Molasses 0.218 2.97 0.100 0.051 0.74 1.86 

E.Sorghum 0.212 2.97 0.063 0.045 0.86 0.51 

E.Starch&Wheat 0.212 2.96 0.062 0.046 0.68 0.47 

E.Cellulose 0.209 2.91 0.052 0.047 0.60 0.51 

RULP 0.220 3.10 0.050 0.045 0.57 0.50 

BD.Tallow 0.355 2.82 0.068 0.036 56.89 0.53 

BD.UCO 0.199 2.71 0.047 0.034 0.54 0.42 

BD.Canola 0.201 2.73 0.066 0.036 0.83 0.44 

BD.Palm 0.200 2.71 0.075 0.040 0.52 0.58 

BD.Soybean 0.201 2.72 0.053 0.034 0.65 1.81 

BD.Pongamia 0.200 2.71 0.047 0.034 0.58 0.43 

Diesel 0.206 2.79 0.045 0.035 0.52 0.43 

 

Table 61 Results for E10 and B5 for 1 GJ using system expansion. 

Indicator Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land use Water 
scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

E.Molasses 0.0925 1.28 0.0294 0.0217 0.322 0.23 

E.Sorghum 0.094 1.32 0.0305 0.0201 0.399 0.233 

E.Starch&Wheat 0.0933 1.3 0.0315 0.0208 0.37 0.215 

E.Cellulose 0.0903 1.26 0.0221 0.0202 0.234 0.218 

RULP 0.0931 1.31 0.0212 0.0192 0.241 0.21 

BD.Tallow 0.0846 1.14 0.033 0.0173 0.219 0.161 

BD.UCO 0.0846 1.14 0.033 0.0173 0.219 0.161 

BD.Canola 0.0859 1.17 0.0328 0.0157 0.39 0.186 

BD.OilPalm 0.0848 1.14 0.0352 0.02 0.219 0.199 

BD.Soybean 0.0857 1.16 0.0286 0.0144 0.266 1.61 

BD.Pongamia 0.0849 1.15 0.02 0.0141 0.266 0.184 

Diesel 0.0875 1.19 0.0191 0.0147 0.223 0.183 
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Table 62 Results for E10 and B5 for 1 GJ using economic allocation. 

Impact category Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land use Water 
scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C deficit litre eq. 

E.Molasses 0.0922 1.27 0.028 0.021 0.257 0.389 

E.Sorghum 0.0923 1.29 0.027 0.020 0.371 0.222 

E.Starch&Wheat 0.0925 1.29 0.028 0.020 0.302 0.207 

E.Cellulose 0.0907 1.27 0.023 0.021 0.263 0.222 

RULP 0.0931 1.31 0.021 0.019 0.241 0.210 

BD.Tallow 0.0952 1.17 0.020 0.015 3.835 0.186 

BD.UCO 0.0848 1.15 0.020 0.014 0.229 0.181 

BD.Canola 0.0857 1.16 0.028 0.015 0.356 0.189 

BD.Palm 0.0850 1.15 0.032 0.017 0.222 0.248 

BD.Soybean 0.0852 1.16 0.022 0.015 0.268 0.705 

BD.Pongamia 0.0850 1.15 0.020 0.015 0.248 0.185 

Diesel 0.0875 1.19 0.019 0.015 0.223 0.183 

 

Table 63 Results for E10 and B5 for 1 GJ using energy allocation. 

Impact category Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land 
use 

Water 
scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

E.Molasses 0.0949 1.29 0.044 0.022 0.320 0.811 

E.Sorghum 0.0923 1.29 0.028 0.020 0.375 0.222 

E.Starch&Wheat 0.0922 1.29 0.027 0.020 0.295 0.206 

E.Cellulose 0.0907 1.27 0.023 0.021 0.263 0.222 

RULP 0.0931 1.31 0.021 0.019 0.241 0.210 

BD.Tallow 0.1510 1.20 0.029 0.015 24.207 0.225 

BD.UCO 0.0847 1.15 0.020 0.014 0.228 0.180 

BD.Canola 0.0857 1.16 0.028 0.015 0.352 0.189 

BD.Palm 0.0850 1.15 0.032 0.017 0.222 0.246 

BD.Soybean 0.0853 1.16 0.023 0.015 0.275 0.770 

BD.Pongamia 0.0850 1.15 0.020 0.015 0.247 0.185 

Diesel 0.0875 1.19 0.019 0.015 0.223 0.183 
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Table 64 Results for E85 and E100 for 1 kilometre using system expansion. 

Impact category Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land 
use 

Water 
scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C 

deficit 
litre eq. 

E.Molasses 0.141 1.56 0.262 0.101 2.630 0.929 

E.Sorghum 0.183 2.51 0.291 0.057 4.744 0.990 

E.Starch&Wheat 0.163 2.08 0.319 0.077 3.955 0.497 

E.Cellulose 0.081 0.99 0.064 0.059 0.241 0.600 

RULP 0.220 3.10 0.050 0.045 0.570 0.497 

BD.Tallow 0.049 0.00 0.848 0.184 0.272 -0.866 

BD.UCO 0.049 0.00 0.848 0.184 0.272 -0.866 

BD.Canola 0.128 1.50 0.837 0.090 10.179 0.579 

BD.Palm 0.062 0.14 0.974 0.205 0.302 1.327 

BD.Soybean 0.112 1.21 0.596 0.014 3.036 82.782 

BD.Pongamia 0.069 0.42 0.098 -0.001 3.030 0.447 

Diesel 0.206 2.79 0.045 0.035 0.524 0.431 

 

Table 65 Results for E85 and E100 for 1 GJ using system expansion. 

Impact category Global 
warming 

Fossil 
energy 

depletion 

Eutrophication Particulate 
matter 

Land use Water 
scarcity 

Unit kg CO2 eq. MJ NCV g PO4
-3 eq. g PM2.5 kg C deficit litre eq. 

E.Molasses 0.061 0.679 0.114 0.044 1.144 0.404 

E.Sorghum 0.080 1.090 0.127 0.025 2.063 0.430 

E.Starch&Wheat 0.071 0.903 0.139 0.033 1.720 0.216 

E.Cellulose 0.035 0.430 0.028 0.026 0.105 0.261 

RULP 0.093 1.314 0.021 0.019 0.241 0.210 

BD.Tallow 0.021 -0.001 0.361 0.078 0.116 -0.368 

BD.UCO 0.021 -0.001 0.361 0.078 0.116 -0.368 

BD.Canola 0.054 0.636 0.356 0.038 4.331 0.247 

BD.Palm 0.027 0.060 0.414 0.087 0.129 0.564 

BD.Soybean 0.048 0.514 0.254 0.006 1.292 35.224 

BD.Pongamia 0.029 0.177 0.042 0.000 1.289 0.190 

Diesel 0.088 1.188 0.019 0.015 0.223 0.183 
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Appendix E. Crop inventory data used in the study 

The production of canola is Canola, NSW 

Various sources were used to generate the inventory for canola from NSW. The yield for canola grown in NSW 
was taken from ABS data, while the tractor operations and pesticides/herbicides usage was based on similar 
gross margins (Department of Primary Industries 2012). The nitrogen requirement to achieve the targeted 
grain yield was calculated using the ‘Calculator for estimating attainable yield and nitrogen fertiliser 
requirements of cereal and oilseed crops in low rainfall dryland agriculture’ (Jeff Baldock 2009). Fertiliser mix 
was calculated by determining how much monoammonium phosphate was required for 8 kg P/tonne of canola 
harvested and then the additional nitrogen required was assumed to come from urea. The estimations for 
emissions from cropping such as direct and indirect emissions from leaching and volatilisation, management 
of crop residues, decomposition of crop residues, and fertilisers were carried out based on methods described 
by Australian Department of Environment in their latest publication (National Greenhouse Gas Inventory 2015). 

Canola, QLD 

Similar methodology has been adopted for canola cropping in Queensland. The yield for canola grown in 
Queensland was taken from ABS data, while the tractor operations and pesticides/herbicides usage was based 
on similar gross margins (Department of Primary Industries 2012). The nitrogen requirement to achieve the 
targeted grain yield was calculated using the ‘Calculator for estimating attainable yield and nitrogen fertiliser 
requirements of cereal and oilseed crops in low rainfall dryland agriculture’ (Jeff Baldock 2009). Fertiliser mix 
was calculated by determining how much monoammonium phosphate was required for 8 kg P/tonne of canola 
harvested and then the additional nitrogen required was assumed to come from urea. The estimations for 
emissions from cropping such as direct and indirect emissions from leaching and volatilisation, management 
of crop residues, decomposition of crop residues, and fertilisers were carried out based on methods described 
by Australian Department of Environment in their latest publication (National Greenhouse Gas Inventory 2015). 

Canola average, NSW and QLD 

The cropping area of canola from ABS data was analysed to determine the ratio of canola grown in NSW and 
Queensland. The total area of canola grown in NSW for a 4-year average was 858,888 ha as compared to 
1,310 ha of cropping in Queensland. The average for calculation of emissions was estimated using a mix of 
0.2% from QLD and 99.8% from NSW. 

Sorghum-forage, QLD 

The yield for sorghum-forage grown in Queensland was taken from ABS data, while the tractor operations, 
fertiliser input and pesticides/herbicides usage were based on similar gross margins (Herden 2006). Fertiliser 
mix was 100 kg each of urea and monoammonium phosphate as per the gross margin. The estimations for 
emissions from cropping such as direct and indirect emissions from leaching and volatilisation, management 
of crop residues, decomposition of crop residues, and fertilisers were carried out based on methods described 
by Australian Department of Environment in their latest publication (National Greenhouse Gas Inventory 2015). 

Lucerne, QLD 

In absence of data on lucerne in ABS data, the yield of lucerne grown in Queensland was taken from available 
gross margins (Herden 2006). The tractor operations and pesticides/herbicides usage were also taken from 
the same gross margin. Nitrogen requirement to achieve the targeted grain yield was calculated using the 
‘Calculator for estimating attainable yield and nitrogen fertiliser requirements of cereal and oilseed crops in low 
rainfall dryland agriculture’ (Jeff Baldock 2009). Fertiliser mix was calculated by determining how much 
monoammonium phosphate was required for 2.5 kg P/tonne of lucerne harvested and then the additional 
required nitrogen was assumed to come from urea. The estimations for emissions from cropping such as direct 
and indirect emissions from leaching and volatilisation, management of crop residues, decomposition of crop 
residues, and fertilisers were carried out based on methods described by the Australian Department of 
Environment in their latest publication (National Greenhouse Gas Inventory 2015). 
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Soybeans, QLD 

Soybean grown in Queensland are irrigated, therefore the yield was taken from gross margins (Herden 2006) 
along with the tractor operations, fertiliser inputs and pesticides/herbicides usage. The estimations for 
emissions from cropping such as direct and indirect emissions from leaching and volatilisation, management 
of crop residues, decomposition of crop residues, and fertilisers were carried out based on methods described 
by Australian Department of Environment in their latest publication (National Greenhouse Gas Inventory 2015). 

Wheat, NSW 

To generate the inventory of wheat, NSW, the yield for wheat grown in NSW was taken from ABS data, while 
the tractor operations and pesticides/herbicide usage was based on gross margins with similar yields 
(Department of Primary Industries 2012-13). The nitrogen requirement to achieve the targeted grain yield was 
calculated using the ‘Calculator for estimating attainable yield and nitrogen fertiliser requirements of cereal and 
oilseed crops in low rainfall dryland agriculture’ (Jeff Baldock 2009). Fertiliser mix was calculated by 
determining how much monoammonium phosphate was required for 4 kg P/tonne of wheat harvested and 
then the additional nitrogen required was assumed to come from urea. The estimations for emissions from 
cropping such as direct and indirect emissions from leaching and volatilisation, management of crop residues, 
decomposition of crop residues, and fertilisers were carried out based on methods described by Australian 
Department of Environment in their latest publication (National Greenhouse Gas Inventory 2015). 

Wheat, QLD 

The yield for wheat grown in Queensland was taken from ABS data, while the tractor operations and 
pesticides/herbicides usage was based on similar gross margins (Best 2009). The nitrogen requirement to 
achieve the targeted grain yield was calculated using the ‘Calculator for estimating attainable yield and nitrogen 
fertiliser requirements of cereal and oilseed crops in low rainfall dryland agriculture’ (Jeff Baldock 2009). 
Fertiliser mix was calculated by determining how much monoammonium phosphate was required for 4 kg 
P/tonne of wheat harvested and then the additional nitrogen required was assumed to come from urea. The 
estimations for emissions from cropping such as direct and indirect emissions from leaching and volatilisation, 
management of crop residues, decomposition of crop residues, and fertilisers were carried out based on 
methods described by Australian Department of Environment in their latest publication (National Greenhouse 
Gas Inventory 2015). 

Wheat average, NSW and QLD 

The cropping area of wheat from ABS data was analysed to determine the ratio of wheat grown in NSW and 
Queensland. The total area of wheat grown in NSW for a 4-year average was 3,890,014 ha as compared to 
560,439 ha of wheat cropping in Queensland. The average for calculation of emissions was estimated using 
a mix of 12.6% from QLD and 87.4% from NSW. 
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Appendix F. Good agricultural practice in cane 

production 

Queensland sugarcane farmers are in transition towards more progressive cane growing practices as 
shown in Table 66. In some northern catchments adjacent to the Great Barrier Reef, this is in direct 
response to the Queensland Government’s Reef Water Quality Protection Plan7, in which practices 
related to nutrient and pesticide use are managed through the Sugarcane Water Quality Risk 
Framework.8 More broadly, the Queensland Canegrowers industry body is promoting BMP through its 
SmartCane program9 for the purposes of general environmental stewardship and to enhance 
productivity and profitability. There is also the Bonsucro international certification program aimed at 
promoting environmentally as well as socially sustainable practices in sugarcane industries.10 

Table 66 Programs promoting progressive cane growing practices in Queensland. 

Program Description 

Sugarcane Water Quality Risk 
Framework (previously ABCD 
framework) 

Government-initiated program which categorises 
management practices based on their potential to improve 
water quality in Great Barrier Reef catchments as 
Innovative (A), Best Practice (B), Minimum (C) and 
Superseded (D). Examples of practices for each of these 
categories in a range of regions are describe in van 
Grieken et al. 2010a.  

SmartCane BMP Program Industry-led BMP program developed by Canegrowers 
with funding from the Queensland Government, launched 
in December 2013. It is a voluntary BMP program that 
replaced the previously regulated management of 
practices (Reef Regulations, introduced in 2009). It 
categorises practices as ‘below industry standard’, ‘at 
industry standard’ or ‘above industry standard’. Growers 
demonstrating ‘industry standard’ can apply for 
Smartcane BMP certification. 

Bonsucro Production Standard Bonsucro is a global initiative aimed at reducing the 
environmental and social impacts of sugarcane 
production, alongside economic viability. Their production 
standard defines criteria for assessing performance (of 
sugarcane growing, milling and ethanol production) 
against the three pillars of sustainability. Certification 
against the standard can be sought by sugar mills, and 
encompasses the performance of a sample of cane 
growers supplying the mill. The standard addresses a very 
broad range of sustainability objectives including human 
rights, labour standards, resource efficiency, and 
management of biodiversity and ecosystem services. 
Those related to the environmental performance of cane 
growing (per tonne harvested cane) greenhouse gas 
emissions N and P application rates, pesticide application 
rates, water use, extent of mechanical tillage, extent of 
trash retention, energy input and acidification potential. 

 

                                                      

 

7 http://www.reefplan.qld.gov.au/ 
8 http://www.reefplan.qld.gov.au/measuring-success/paddock-to-reef/management-practices/ 
9 https://www.smartcane.com.au/home.aspx 
10 http://bonsucro.com/site/production-standard/ 

http://www.reefplan.qld.gov.au/measuring-success/paddock-to-reef/management-practices/
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Some prior work estimated the environmental implications of progressive cane growing practices based 
on practices recommended by the Sugarcane Water Quality Risk Framework (previously the ABCD 
framework) using LCA (Renouf et al. 2014). It assessed the change in environmental impact that would 
be expected from converting a hypothetical farm from a suite of ‘minimal standard’ (C-class) practices 
to a suite of ‘best practice’ (B-class) practices, in two regions (Wet Tropics and Central regions). The 
work found that these practices do lead to reduced environmental impacts across all the impact 
categories assessed (non-renewable energy use, global warming, water use, eutrophication and 
ecotoxicity). Another assessed scenario, which was outside the scope of practice changes covered by 
the framework, found that some other practice changes, particularly increased use of irrigation, leads 
to some trade-offs.  

It is currently more relevant to consider BMP being promoted by the CaneGrowers SmartCane Program, 
particularly changes from ‘below industry standard’ to ‘at industry standard’. This has been the 
emphasis of changes to practices in the Queensland sugarcane industry over the last few years and is 
expected to continue into the future. Details of what is regarded as SmartCane ‘industry standard’ are 
provided in Table 70. Not all of the practice categories will influence environmental impacts. Those that 
do are soil work (tillage) and trash management (related to soil health); weed, pest and disease 
management; and nutrient management. The exact nature of the practice changes required to transition 
to ‘industry standard’ can differ significantly between cane growing regions and between farms. 

To assess the influence that ‘industry standard’ BMP could have on the environmental profile of biofuels 
produced from sugarcane, a hypothetical cane growing operation was devised to represent the changes 
that would be typical (Table 67). The practice changes do not include changes to harvesting or irrigation 
practices as these are changes are currently less common. 

The actual cane growing practices before and after adopting ‘industry standard’ practices were then 
defined (Appendix 2). Based on these practices, life cycle inventory (LCI) data was generated for the 
before and after situation using the CaneLCA tool11. The tool models many, but not all of the 
environmental implications of practice changes (Table 68). 

 

Table 67 Programs promoting progressive cane growing practices in Queensland. 

                                                      

 

11 CaneLCA is a streamlined Excel-based LCA tool customised for sugarcane growing that uses detailed input about cane growing 
practices to generate LCI and LCA-based eco-efficiency indicators. It was developed by the University of Queensland with funding 
from the Australian sugar industry and the Australian government (https://eshop.uniquest.com.au/canelca/). 

Aspect Before BMP (‘below industry 
standard’) 

After BMP (‘at industry standard’) 

Soil health Heavy tillage 

1.52 m row spacing 

Bare fallow 

 

Reduced tillage (zonal ripping and tillage) 

1.8 m single row spacing; GPS guidance 

Legume fallow with preformed mounds 

Weed, pest and 
disease 
management 

Typical pesticide active ingredients 
and application rates prior to 
introduction of the Reef Water Quality 
Program 

Broadcast spraying 

Reduced application rates for active 
ingredients with higher toxicity potential 
(atrazine, diuron, hexazinone, paraquat 
and pendimethalin) 

Banded spraying in plant cane 

 

Nutrient 
management 

Grower determined nutrient rate Six Easy Steps nutrient rate 
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Table 68 Environmental implications of practice change modelled by the CaneLCA tool. 

Notes: Aspects denoted with ’’ can be modelled, and those with ’’ cannot.  

Sugarcane growing parameters Environmentally-relevant implications modelled by LCA 

Off farm (upstream supply chain) 
 

On farm 

Cane cropping 
system 

 Sugarcane yield 
 Crop rotation 
 Fallow management 
 

 
 

 Amount of cane produced 

  Farm infrastructure 
(machinery, irrigation 
systems) 

 

 Production of materials 
(steel, aluminium, rubber, 
plastics pipe, concrete) 

 

Machinery use 
and tillage 

 Tillage intensity 
 Tractor movements 
 Harvester movements 
 Tractor and harvester 

fuel efficiency 
 Type of fuel used 
 Transport effort for 

supply of nutrient 
products  

 Production of diesel fuel  
 

 Fuel combustion emissions 
to air 
 

 Soil compaction, which 
influences N2O emissions, 
soil health, water infiltration 
and subsequently yields 

 Soil health, in relation to the 
protection of soil quality 
values 
 

Nutrient 
management 

 Type of nutrient 
products  

 Application rates of 
nutrient products 
(NPKS) 

 Application method 
(surface, subsurface) 

  N-fixing crops 
(legumes) planted in 
fallow period 

 Trash retention, in 
relation to N cycling 
 

 Timing of fertiliser 
application 

 Measures to prevent 
run-off of nutrients 

 Measures to manage 
soil organic carbon 
 

 Production of nutrient 
products 

 
 

 N2O emissions to air from 
applied N, based on generic 
emission factor  

 NH3 emissions to air from 
volatilisation of applied urea  

 Potential N and P losses to 
water  
 
 

 Influence of different forms 
of N and timing of 
application on N2O 
emissions 

 Soil health, in relation to 
organic content, moisture 
retention and subsequent 
yields 

Pest 
management 

 Type of pesticide 
products (residual, 
non-residual) 

 Pesticide application 
rates 
 

 Measures to prevent 
run-off of pesticides 

 

 Production of pesticide 
products 

 

 Potential pesticide losses to 
water  

 

Harvesting/trash 
management 

 Pre-harvest and trash 
burning 

 Trash retention 

  Cane burning emissions to 
air  

 N2O emissions to air from N 
application 

 Soil health, organic content 
and moisture and 
subsequent yields 

 
  Harvesting efficiency 

 
  Sugar loss to water from 

harvesting losses  

Irrigation 
management 

 Volume of irrigation 
water 

 Extraction of water from 
managed sources 
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Sugarcane growing parameters Environmentally-relevant implications modelled by LCA 

Off farm (upstream supply chain) 
 

On farm 

 Source of irrigation 
water 

 Type of irrigation 
system 

 Pumping effort 
 Source of energy 
 
 Surface drainage and 

sediment 
management 

 Production of energy for on 
farm pumping 

 Production of energy for 
upstream pumping by 
irrigation scheme operators  

 Water stress status of 
supply 

 
 
 
 

 Sediment losses to 
water 

Transport of 
inputs to farm 

 Transport effort to 
supply agro-chemicals 
 

 Production of transportation 
energy 

 Fuel combustion emissions 
to air 

 

The life cycle inventory for before BMP and after BMP ‘industry standard’ implementation were 
compared to estimate the percentage change, which is shown in Table 69. This expected percentage 
change was applied to the AusLCI life cycle inventory for ‘Australian average sugarcane production’ to 
generate a new inventory for ‘Australian average BMP sugarcane production’. 

 

Table 69 Changes in inputs and outputs to cane production resulting from GAP in line with SmartCane 
industry standard. 

Flow  Change from implementation of SmartCane Industry 
Standard % 

Total diesel use 88.5 

Urea 66.4 

DAP 101.9 

KCl 91.5 

Granulated ammonium sulfate 232.2 

N 81.8 

P 101.9 

K 91.5 

S 232.2 

N2O from applied N 72.4 

N2O from leached/run-off 72.4 

Total N2O emissions 78.2 

N to run-off 72.4 

P to run-off 101.9 

2,4 D 24.5 

Atrazine 36.7 

Diuron 22.6 

Fluroxypyr 51.0 

Haloxyfop 10.5 

Paraquat 89.5 

Pendimethalin 51.0 
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Table 70 SmartCane BMP practices The practice categories that influence environmental impacts, and which can be modelled in the LCA, are highlighted. 

 Below industry standard Industry standard Above industry standard 

Soil health  

Managing compaction Row spacing is not matched to wheel 
spacing. Machinery is operated in wet field 
conditions. 

Row spacing and most machinery wheel spacings 
are matched, initial row establishment formed GPS 
guidance. Where possible machinery operations 
are delayed to avoid operating in wet field 
conditions. 

Row spacing and all machinery wheel spacings 
are matched, GPS guidance is used for all field 
operation: bed forming, planting, spraying and 
harvesting. Machinery is not operated in wet field 
conditions. 

 

Trash management Cane is burnt prior to harvest and trash is 
raked and burnt after harvest or cane is 
burnt prior to harvest or green cane trash 
blanket is burnt after harvest or green cane 
trash blanket is incorporated after harvest or 
green cane trash blanket is raked and baled 
after harvest. 

 

Green cane trash blanket is retained on suitable 
soils. In cold environments trash is raked from the 
stool and maintained in the interspace or cane is 
burnt prior to harvest. Where a water logging risk 
exist, cane is burnt prior to harvest. 

Green cane trash blanket is retained throughout 
the crop cycle and after the final ratoon as fallow 
cover. 

Fallow management Fully cultivated bare fallow over the wet 
season where weed growth is controlled by 
a series of cultivations, or no fallow period is 
used as plough-out replant is practised. 

Soil cover is maintained throughout the wet season 
either through the use of a trash blanket and 
sprayed out cane or through the growth of a fallow 
crop like legumes. No living cane is present during 
the fallow period to break pest and disease cycles. 

Well managed rotational crops are grown on all 
fallow land to break weed and pest cycles. 
Residues from rotational crops are maintained on 
the soil surface and not incorporated between 
crop cycles. (Cane is zero till planted into 
rotational crop stubble.) 

 

Preparing land for planting 
(tillage) 

Plant cane is established using excessive 
cultivation, soil is cultivated to a fine tilth 
through multiple machinery operations. 

Plant cane is established after a fallow using zonal 
or minimum tillage. Tillage methods minimise soil 
structural damage and compaction. 

Plant cane is established after a fallow using zero 
tillage. 

Tillage management in crop Multiple tillage events in both plant and/or 
ratoon crops are conducted. Soils in crop 
are tilled to a fine tilth which is prone to soil 
erosion and encourages soil structure 
decline. No ground cover present in crop. 

Tillage in plant cane is kept to the minimum 
necessary to establish row profiles and irrigation 
furrows and to apply fertiliser and pesticides. For 
GCTB – no tillage in ratoons other than fertiliser 
and pesticide applications is used. 

Cultivation in plant and ratoon crops limited to 
coulter applied fertilisers and pesticides. 
Preformed beds used in plant cane. 

Managing salinity and 
sodicity 

The presence/risk of salinity and sodicity is 
unknown, or no specific management of a 
known salinity and sodicity risk is practised. 

The presence/risk of salinity and sodicity is 
determined and monitored through the use of soil 
tests and on farm management practices including 
application of soil ameliorants. The quality of 
irrigation water and its effect on the presence/risk 
of salinity and sodicity is considered and managed. 

Where the presence/risk of salinity or sodicity has 
been identified, regular monitoring of root zone 
soil and water conditions is conducted. Current 
knowledge regarding local shallow groundwater 
conditions is used to manage salinity. 
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Nutrient management 

Soil testing No regular soil sampling program prior to 
planting. 

Soil samples that meet industry and legislative 
requirements are collected from blocks to be 
planted and sent for analysis. Records kept refining 
future nutritional programs. 

Soil types are mapped and management zones 
developed, and soil samples are collected for 
each management zone. Location sample sites 
are recorded to identify trends in the fertility. 

Calculating optimal nutrient 
rate 

General rule of thumb determines applied 
nutrient rate. 

Regulatory minimum (for growers in Wet Tropics, 
Burdekin, Mackay-Whitsundays): The regulated 
method is used to develop nutrient program for N 
and P. For N, district yield potential is used with 
adjustments made according to the N 
mineralisation index of soils which is based on 
OC%. Other sources of N including from irrigation 
water, mill mud and legumes are voluntary 
deductions, or Six Easy Steps Nutrient 
Management program is used. 

Six Easy Steps Nutrient Management program is 
used with nutrient rates based on farm or sub-
district yield potential. Mechanisms to more 
closely match nutrient rates to crop requirements 
(improved nutrient use efficiency) are explored. 

Placement of fertiliser  Fertiliser is applied on the surface, and not 
incorporated. Mill mud is applied broadcast 
in ratoons. 

On steep slopes only (i.e. Innisfail on Red Ferrisol 
soils), fertiliser is applied banded on the surface. 
Apply when crop root system has developed. Mill 
by-products are applied on the row, not in the 
interspace.  

or 

Granular fertilisers are applied subsurface in the 
drill (i.e. stool split or side banded). Mill by-products 
are applied on the row, not in the interspace. 

or 

Surface-banded applied fertiliser products are 
incorporated by overhead irrigation as soon as 
possible or within seven days. Mill by-products are 
applied on the row, not in the interspace. 

or 

Liquid fertiliser products are applied subsurface, or 
on the surface only under pressure. Mill by-
products are applied on the row, not in the 
interspace. 

 

Timing of fertiliser 
application 

Fertiliser is applied soon after harvest 
before the new root system has developed. 

and/or 

Apply fertiliser six to eight weeks after harvesting or 
when cane is approximately 600 mm high on early- 
to mid-season cut cane where practical. 
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All fertiliser for the plant crop is applied in 
one application. 

Never apply fertiliser when run-off from storms is 
expected before the nutrient can penetrate to the 
root zone. 

Calibration of fertiliser 
application equipment 

Equipment is calibrated annually or less 
frequently. 

Application equipment is calibrated prior to the 
season and at each product and batch change. 

Use of correctly calibrated automatic controllers 
and variable rate application equipment. 

Record keeping No records kept of nutrient management. Records are kept of soil tests, application rates, 
products, placement, calibration of equipment and 
person applying. Records are used to review and 
modify future nutrient management. 

Records are kept of soil tests, application rates, 
products, placement, calibration of equipment 
and person applying. Records are used to review 
and modify future nutrient management. 

Irrigation and drainage management 

Calculating amount of 
water to apply 

The water holding capacity of farm soils is 
not known. The volume of water being 
applied is not matched to the water holding 
capacity. 

Water holding capacity of farm soils has been 
determined from soils maps or published data and 
irrigation application amounts are matched 
accordingly. 

Water holding capacity of farm soils has been 
measured and irrigation application amounts are 
matched accordingly. 

Frequency of water 
application 

Water is applied on a set cycle without 
regard to the amount of water used by the 
crop. 

Water is applied to match crop demand based on 
simple crop growth monitoring or district 
evaporation figures and crop factors. Weather and 
climate forecasting is used when making irrigation 
decisions. 

Water is applied to match crop demand based on 
infield measurements with soil moisture 
monitoring equipment. Weather and climate 
forecasting is used when making irrigation 
decisions. 

Seasonal allocation 
management 

Irrigation water use is unplanned; allocation 
is kept ‘just in case’. 

Historical rainfall data and climate forecasts are 
used to determine the best time to use irrigation 
water. The application time and the allocation is 
matched to cane growth stage. 

Crop water requirements are known and annual 
effective rainfall is understood so that a whole of 
season irrigation allocation is determined. If extra 
water is required, leasing and temporary 
allocation transfers are investigated, though they 
may not be feasible to implement. 

Managing run-off and deep 
drainage 

No management of irrigation run-off or deep 
drainage is practised. 

Irrigation is managed to minimise run-off and deep 
drainage by matching application volumes to soil 
water deficit. 

Irrigation is managed to minimise run-off and 
deep drainage; run-off is captured in tail water 
systems and recycled on farm. 

Recycle pits Pit capacity is too small and it cannot 
capture irrigation run-off; or capacity is 
sufficient but the pumping capacity is too 
low; or pit has been poorly sited and leaks 
or access the groundwater table. 

Pit has been designed to capture irrigation run-off 
and some rainfall run-off; and pumping capacity is 
sufficient to reuse the water quickly; and the pit is 
well sited and does not leak or access the 
groundwater table. 

 

Irrigation water quality Irrigation water quality has not been tested 
for suitability as an irrigation source. 

Irrigation water quality has been tested. The results 
have been used to make decisions on the best 
management of that water, e.g. application of 
ameliorants, mixing water supplies. 
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Use of recycled effluent Recycled water is used, but there is no 
knowledge of the regulatory requirements 
regarding its use. 

The recycled water has been tested for nutrient and 
salt levels. A management plan that takes into 
account nutrients supplied by the water and aims to 
minimise the risk of salinity occurring has been 
developed. Irrigation is managed so that run-off 
does not occur. Recycled water is appropriately 
signed and measures have been taken to control 
access to the water source. 

The recycled water has been tested for nutrient 
and salt levels. A management plan that takes 
into account nutrients supplied by the water and 
aims to minimise the risk of salinity occurring has 
been developed. An ongoing monitoring program 
has been put in place. Tail water recycling has 
been implemented. 

Irrigation management Furrow 
• Row length and profile are not matched to 
soil type. 
• Inflow rate is too low or high leading to 
deep drainage or run-off. 

 

 

Overhead high pressure 
• Tow path spacing is too wide or narrow 
leading to poor application patterns – dry 
areas or excessive overlap. 
• Application rate is not matched to soil 
infiltration rate. 
• Irrigators are operated regardless of wind 
conditions. 
• No check is made of the nozzle or 
application pattern. 

 

Overhead low pressure 
• End of pivot instantaneous application rate 
exceeds soil infiltration rate. 
• Application rate is not matched to soil 
infiltration rate. 
• Sprinklers are never checked. 

 

Drip 
• Emitter spacing and output are not 
matched to soil type or crop requirement. 
• Filtration system is inadequate and not 
maintained. 

Furrow 
• Row length and profile are matched to soil type. 
• Inflow rate is managed to ensure soakage while 
minimising drainage and run-off losses. 

 

Overhead high pressure 
• Tow path spacing is matched to the machine and 
operating conditions. 
• Application rate is matched to soil type. 
• Irrigators are only operated in low wind conditions. 
• Nozzles are checked to ensure they aren’t worn 
and are operating correctly. 

 

 

 

 

Overhead low pressure 
• End of pivot instantaneous application rate does 
not exceed soil infiltration rate. 
• Application rate is matched to soil infiltration rate. 
• Sprinklers are regularly checked to see if they are 
operating correctly. 

 

 

Drip 
• Emitter spacing and output are matched to soil 
type and crop requirement. 
• Filtration system is adequate and maintained. 

 

Surface drainage system 
design 

The farm has no surface drainage system 
and water pools on farm; or water drains too 

A whole-of-farm (or area) drainage plan has been 
developed – water is removed from the farm within 
72 hours (or as quickly as possible given local 

As above with a sediment retention basin to filter 
sediment and chemicals. 
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quickly and causes erosion and 
downstream flooding. 

conditions) while minimising erosion and 
downstream flooding. 

Subsurface drainage 
system design 

 

No subsurface drainage has been installed 
even though high water tables or soakage 
areas are affecting yield. 

A drainage system that removes excess water from 
the root zone has been implemented. Acid sulfate 
soils should be considered. Saline drainage water 
is disposed of appropriately. 

 

Erosion management Headlands and drains are sprayed out or 
cultivated. No wet season fallow cover. 

Grass is maintained on headlands and drains. 
Cover is maintained on fallow ground. 

Grass is maintained on headlands and drains. 
Cover is maintained on fallow ground. Sediment 
traps have been constructed and used. 

Weed, pest and disease management 

Canegrub management Insecticides are routinely applied to the 
whole farm regardless of grub pressure, or 
canegrubs are not managed either through 
ignorance of their presence and economic 
impact or by deliberate action. 

Cane grub control decisions are based on 
monitoring plant damage, and/or on risk 
assessment based on soil texture, proximity to 
known adult feeding sites and topography. Grub 
species has been identified. 

Grub management plan is developed based on 
monitoring grub levels and plant damage and 
applying an individual block risk assessment 
framework, including paddock history. 

Rat management No control or monitoring of rats. Both in crop and harbourage areas are managed to 
avoid build-up of rats. 

Rat populations are monitored and managed 
through harbourage management and baiting as 
required. 

Other pests Farm practices encourage other pests. Presence of or potential presence of other pests is 
known and management practices carried out as 
required. 

Management program based on risk assessment 
of specific pests. 

Weed management Weed management strategies are generally 
based on historic application rates or rules 
of thumb without consideration of weed 
species mix, or level of potential infestation 
or environmental considerations. 

Weed management plan is developed and 
implemented in line with the SRA weed plan 
template and key considerations. 

Integrated weed management plan is developed 
and implemented. Yield maps used to determine 
low production areas more susceptible to weed 
incursions. Herbicide selection influenced by soil 
texture data derived from ground-truthing of deep 
EC mapping patterns in conjunction with yield 
mapping layers 

Disease management Mechanisms of disease spread are not 
considered in farm planning and operations. 

Farm planning and operations take account of the 
mechanisms of disease spread and deliberate and 
considered strategies are implemented to avoid 
introduction of diseases and/or spread of diseases 
on farm. Known diseased blocks are actively 
managed to reduce or eliminate disease. 

As above plus a disease survey is prepared for 
the farm and updated each season. Rotational 
crops are selected on their susceptibility (or ability 
to host) known pathogens such as lesion and root 
knot nematodes. 

Product selection Products used are not approved (registered 
or permitted) for use in sugarcane in 
Queensland 

All products used are approved (registered or 
permitted) for intended purpose and timing of 
application Products are selected in accordance 
with integrated management plans 
(weeds/pests/diseases) 
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Chemical storage, mixing 
and user accreditation 

Chemicals are applied by people without 
appropriate competencies and training or 
not supervised by someone with these 
competencies (where applicable). 
Chemicals are not stored, mixed or 
disposed of in accordance with legislative 
requirements. 

All people who apply chemicals have the 
appropriate competencies and training or are 
supervised by someone with the 
appropriate competencies and training. 
Chemicals are stored in appropriate storage 
premises that meet the requirements of workplace 
health and safety. 
Chemicals are mixed at locations on farm that meet 
label requirements and legal requirements under 
reef protection legislation.  
Chemical drums are disposed of through 
drumMuster. 
Unwanted chemicals are disposed of through 
Chemclear or other approved disposal systems. 

All people who apply chemicals maintain 
competencies (AusChem/ChemCert™). 

Chemical application and 
record keeping 

All products are not applied according to 
label or permit directions or legislative 
requirements under the Chemical Usage 
(Agricultural and Veterinary) Control Act 
1999. Chemicals, particularly residual 
herbicides, are applied when it is most 
convenient with no consideration of timing 
relating to weather or irrigation. Application 
equipment is calibrated annually or less 
frequently. 

Products are applied according to the label or 
permit directions and legislative requirements 
under the Chemical Usage (Agricultural and 
Veterinary) Control Act 1999. Records of chemical 
management inputs are kept for each field. Nozzles 
are selected based on label requirements for 
product and target. Application equipment is 
calibrated at the start of each season and at change 
of product or change of water rate. 
Herbicides are applied at the ideal weed and crop 
growth stages. A chemical management plan that 
identifies sensitive areas, buffer zones, problem 
pest areas and is reviewed annually, is included as 
part of an IWM or IPM plan. Timing of chemical 
applications minimises loss of chemicals in run-off 
and residual chemicals are applied prior to the 
commencement of the wet season. 

Use of residual herbicides is reduced by banding 
residuals along the drill and using knockdowns in 
the inter-row. Use of automatic flow rate 
controllers and precision application equipment. 
Continual monitoring and calibration. 

Crop production and harvest management 

Farm map Only a limited amount of mapping 
information is accessed, information is not 
used for farm planning. 

 

A farm map that identifies: soil types, topography, 
drainage lines, sensitive areas (houses, 
environmental etc.), management units and crop 
class is used to aid farm management. 

Multiple mapping layers are used to make 
strategic management decisions. Maps have a 
high level of resolution and allow within block 
decision to be made. 

Farm design Farm design frequently causes problems 
with irrigation, drainage and or machinery 
management. 

Farm design allows for efficient business operation 
including irrigation, drainage, machinery 
management and harvesting. 

Farm design allow for efficient and effective farm 
management. Precision management zones 
based on multiple mapping layers are 
incorporated into the farm design and 
management. 
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Variety management Varieties chosen only on availability of 
planting material. 

Variety mix is determined with regard to production, 
CCS, time of harvest, soil type, disease 
risk/history/resistance. 

A formal variety management plan for the whole 
crop cycle taking into account points above have 
been developed and implemented. 

Clean planting material Planting material is sourced from 
commercial cane blocks and not hot water 
treated or inspected by Productivity 
Services. 

Clean seed is sourced annually from approved 
seed sources (plot or tissue culture) and a 
dedicated clean seed plot is established on farm. 

 

Billet quality Unmodified harvester is used to cut planting 
material often resulting in a high proportion 
of damaged billets. 

Commercial harvester is set up to cut planting 
material with good quality undamaged billets. 

Dedicated plant cane harvester with rubberised 
rollers and optimised feed train set up, sharp 
chopper knives and basecutter blades is used to 
harvest planting material. Records of planting 
material used and quality are kept and compared 
to establishment performance of subsequent 
crops. 

Time of planting Planting occurs when convenient. Plant as early as possible after the wet season 
when there is adequate soil moisture and soil 
temperature at planting depth is above 18 degrees 
for more than five days. Consider carefully planting 
in winter months with declining soil temperatures. 

 

Planting Planter is not adjusted to the different soil 
types or row profiles (bed or flat) fertiliser 
and pesticide applicator are rarely 
calibrated. 

Planter is set up to adequately cover the billets with 
fungicide and soil. Press wheel is correctly set up 
for best seed soil contact. Fertiliser and pesticide 
applicators are regularly calibrated. 

Variable rate controller on planter to maintain an 
even planting rate. Fertilisers and pesticides are 
targeted to meet site requirements. 

Harvesting loss 
minimisation 

Harvester has been set up to only maximise 
bin weights resulting in high cane loss. 

Harvester is set up to minimise losses by 
optimisation of fan speed and billet length and 
harvesting speed. Topper is used throughout 
harvest and set at correct height. 

Harvester is set up to minimise losses by 
optimisation of fan speed and billet length and 
harvesting speed. In field loss assessment has 
been conducted and is used to verify harvester 
set up. 

Minimising stool damage at 
harvest 

Harvesting speed is excessive and 
determined by machine capacity/power. 
Base cutter blades are not regularly 
adjusted leading to short blunt blades. Cane 
is pulled out of the ground by spirals and not 
fed into the machine. Haulout traffic is 
uncontrolled with frequent in field turns. 

Row profile is matched to the harvester basecutter 
design, basecutter blades are frequently checked 
for sharpness and forward speed is matched to the 
basecutter speed, cutting height is maintained at 
ground level. Crop divider separate and feed the 
crop into the machine maintaining crop flow. 
Haulout traffic is controlled, turning is performed on 
headlands. 

As above + GPS is used on the harvested and 
haulout to separate the traffic from the cane 
growing area. 
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Block selection for 
harvesting 

Harvester scheduling is left up to the 
contractor without consideration of CCS or 
farm management plans. 

Blocks are selected on general variety CCS profile 
and soil moisture conditions and whole farm 
management considerations. 

Blocks are selected on basis of measured CCS, 
soil moisture conditions and whole farm 
management considerations. 

Natural systems management 

Identify natural systems No effort to identify or understand natural 
systems on the farm or their potential 
benefits. 

Identify existing wetlands, waterways, riparian 
areas and native vegetation patches and corridors 
on the farm. 
Identify areas which are disturbed, but could be 
rehabilitated to help with farm drainage (i.e. 
regulating speed of water flow and filtering 
sediments, nutrients and chemicals from run-off), 
and provide habitat for native plants and animals. 

 

Consider functioning of 
natural systems 

No effort to understand natural system 
functions. 

Identify the features of wetlands, waterways, 
riparian areas and other vegetation that enable 
them to function as a natural system on your farm, 
e.g. slow down surface run-off; filter sediments, 
nutrients and chemicals; provide habitat for native 
plants and animals. 

 

Improving natural systems No plans to actively manage natural 
systems. 

Decide what you wish to achieve by identifying your 
priorities and desired outcomes, e.g. 
 • Incorporate wetlands and riparian areas into 
whole farm drainage to slow down surface run-off 
and filter sediments, nutrients and chemicals.  
• Consider the larger landscape in the assessment 
and communicate with your neighbours about 
managing sensitive areas.  
• Provide habitat for native plants and animals. 
• Assist feral animal control. 

 

Whole-of-farm approach to 
drainage 

Drainage not managed or only managed on 
an individual paddock-by-paddock basis. 
Drains are a deep V-shape and are regularly 
sprayed with herbicide that kills all 
vegetation. 
No grassed filter strip/buffer between block 
and waterway. 

Drainage flows mapped and sediment managed on 
a whole-of-farm basis. 
Grassed filter strips in place and maintained 
between cropping areas and adjacent to 
waterways. 
Headlands are well vegetated with grass to prevent 
erosion. 
Drains are kept vegetated throughout the wet 
season (Dec–Apr). 
If property is located on land <5 m AHD acid sulfate 
soil risk is considered and managed. 

As above, plus grassed filter strips are at widths 
appropriate for rainfall intensity, slope, land 
cover, and soil erodability. 
 

Constructing wetlands and 
re-establishing riparian 
areas 

  Constructing a wetland in a paddock which 
remains wet and is not highly productive requires 
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careful planning, but has been shown to improve 
overall farm productivity. 

Specialist advice is needed on a wide range of 
matters in order to design and construct a wetland 
suitable for your farm. 

Native riparian vegetation re-established at a 
width and density which limits erosion, enables 
filtering of farm run-off along sections of the 
natural waterways on the farm, and enhances 
habitat for native plants and animals. 
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Table 71 Cane growing parameters, before and after adoption of BMP ‘industry standard’. 

 

 

  

Category Parameter BEFORE AFTER

Farm areas Area under plant cane (ha) 44.78 44.78

Area under ratoon cane (ha) (and number of ratoons) 179.12 (4) 179.12 (4)

Area under fallow (ha) (and type of fallow) 44.78 (bare) 44.78 (legume)

Headland area (ha) 31 31

Total area under cane (ha) 224 224

Cane grown for seed (ha) 358 358

Total area under production (cane and other crops) (ha) 269 269

Total farm area (ha) 300 300

Cane production Cane yields Plant cane yield (t/ha) 86.4 86.4

Ratoon cane yield (t/ha) - individual ratoons and (average of ratoons)  84, 77.6, 60.8, 61.9 ( 71.1) 84, 77.6, 60.8, 61.9 ( 71.1)

Overall cane yield (t/ha) (not accounting for fallow area) 72.5 72.5

Cane production Total cane production (t/yr) 16,599 16,599

Net cane production (net of seed cane) (t/yr) 16,241 16,241

Type NA Soy beans

Area (ha) 44.78

Fate  (green manure or harvested) Green manure

Yield (seed yield even if it is not harvested, for purpose of calculating  N fixation) 2.5

Beneficiary crop Plant cane

Allocation to cane 100%

Production 

details

Other crop 

production
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Category Parameter BEFORE AFTER

Row spacing Row width (m) 1.5 1.8

HP Yrs % to 

cane

Implements Size Speed 

(km/hr)

Load 

factor

Field 

efficiency

Width 

treated (m)

Rows 

treated

Work rate 

(ha/hr)

Width treated 

(m)

Rows 

treated

Work rate 

(ha/hr)

Tractor G190 190 30 100% Ripper Med 5 0.9 0.7 3 2.0 1.05 - - -

Zonal Ripper Med 5 0.7 0.7 - - - 3.6 2.0 1.26

28 Plate Disc and Roller Med 6 0.9 0.9 2.52 1.7 1.36 2.52 1.4 1.36

Land Scoop Med 6 0.8 0.8 2 1.3 0.96 2 1.1 0.96

Tractor 7720 190 30 100% Rotary Hoe sized for 1.5m rows Large 2 0.9 0.7 2.5 1.7 0.35 - - -

Rotary Hoe sized for 1.8m rows Large 2 0.9 0.7 - - - 3.6 2.0 0.50

Tractor 7810 180 30 100% Cane planter Large 9 0.7 0.5 1.5 1.0 0.68 - - -

Mizzie mound planter Large 9 0.7 0.5 - - - 1.8 1.0 0.81

Tractor MF7475 160 30 100% Fertil iser Box (2-row side dresser) Med 8 0.6 0.6 3.00 2.0 1.44 3.6 2.0 1.73

Centrebuster Small 8 0.8 0.8 1.5 1.0 0.96 1.8 1.0 1.15

Bed rennovator Med 6 0.9 0.8 - - - 1.8 1.0 0.86

Tractor 6320 100 30 100% Hillup Boards x2 Small 7 0.8 0.6 3.0 2.0 1.26 3.6 2.0 1.51

Seed planter Small 8 0.7 0.7 1.5 1.0 0.84 1.8 1.0 1.01

Fertil iser Box (3-row stool splitter) Med 10 0.7 0.6 - - - 5.4 3.0 3.24

Sprayer Small 10 0.5 0.5 10.5 7.0 5.25 12.6 7.0 6.30

Slasher x 2 Small 0.5 2.00 2.00

Tractor HighRise 100 30 100% 9 0.5 0.6 10.5 7.0 5.67 10.5 5.8 5.67

Tractor Fiat 550 60 30 100% Spot Sprayer Small 5 0.5 0.5 1.5 1.0 0.38 1.8 1.0 0.45

Tractor MF188 120 30 100% Multiweeder Small 8 0.7 0.7 - - - 5.4 3.0 3.02

Harvester 04 300 8 80% from model

Harvester O10 300 8 75% from model

Haulout rigs x2 Large

Off-farm 

machinery

Contract spreader 

truck

300 10 1% 8 0.8 0.8 9 - 5.76 9 - 5.76

Machinery and 

implement 

specifications

On-farm 

machinery and 

implements
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Category Parameter BEFORE AFTER

Number of operations Number of operations

Plant cane Land preparation Land levelling with land scoop 1 1

Discing with 28 Plate Disc and Roller 2 2

Ripping with Ripper 3 -

Ripping with Zonal Ripper - 2

Rotary Hoeing 1 1

Hill ing up with Hill-up Boards 2 1

Cane planting Cane planting with Cane planter 1 -

Cane planting with Mizzie mound planter - 1

Fertil isation Fertil iser application with Fertil iser Box (2-row side dresser) 1 1

Lime application with contract spreader truck 1 1

Weed control Pre-emergent spraying with Sprayer 1 0.85

Grass out of hand spraying with Hi-Rise 1 1

Broadleaf out of hand spraying with Hi-Rise 1 -

Mechanical weeding with Multiweeder - 3 (in 3 out of 10 yrs)

Pest control - - -

Ratoon cane Soil work Centre busting with Centrebuster 1 1

Fertil isation Fertil iser application with Fertil iser Box (3-row stool splitter) 1 1

Weed control Pre-emergent and knockdown with Sprayer 1 1

Out of hand spraying with Hi-Rise 1 1

Spot spraying with Spot Sprayer 0.2 1

Pest control -

Bare fallow Cane knockdown Knockdown of volunteer cane with Sprayer 2 2

Legume fallow Soil work Discing to incorporate cane trash with 28 Plate Disc and Roller 2

Discing to incorporate legume with 28 Plate Disc and Roller 1

Bed forming with Bed Rennovator 0.5

Seed plannting Planting with HBM Seed Planter 1

Pest control Spraying with Sprayer 1

Plant cane Fuel use for harvest and haulout (L/t) from model from model

Ratoon cane Fuel use for harvest and haulout (L/t) from model from model

Break crop Fuel use for harvest and haulout (L/t) - -

Delivery distance (km) Size of truck load (t)

Fertil isers 25t 15 15

Ameliorants 12.5 t 72 72

Other activites Headland Slashing Area treated (ha) 31 ha 31 ha

Farm vehicles Motorbike / quad Distance travelled (km/yr)

Diesel vehices 20,000 20,000

Petrol vehicles

Machinery 

operations

Growing the 

crops

Harvesting the 

crops

Delivery of agro-

chemicals
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Category Parameter BEFORE AFTER

Inputs Seed Cane billets (t/ha) 8 8

Legume seed (kg/ha) 35 kg soybean

N P K S No. app Rate % on surface No. app Rate % on surface

Plant Fertil isers (kg/ha) Plant fertil iser At planting 13.0% 10.6% 15.0% 4.9% 1 500 0 1 300 0

Nitra King Fertil iser Box (2-row side dresser) 29.9% - 17.5% - 1 308 0 1 225 0

Ameliorants (t/ha) Lime Contract spreader truck 2.5 - - -

Ratoon Fertil isers (kg/ha) Urea Fertil iser Box (2-row side dresser) 46.0% - - - 1 395 0 - -

Muriate of Potash "                                   " - - 50.0% - 197 0 - -

Ratoon fertil iser 1 Fertil iser Box (3-row stool splitter) 27.6% 20.0% - - - - 0.5 500 0

Ratoon fertil iser 2 "                                   " 23.2% 2.0% 17.5% 3.8% - - 0.5 555 0

Nutrients Plant N from fertil iser 157 106

organic fertil isers - -

legumes 25 43

crop residue 44 50

Total N 225 199

Total P 53 32

Total K 129 84

Total S 25 15

Ratoon N from fertil iser 182 133

organic fertil isers - -

legumes - -

crop residue 36 36

Total N 217 169

Total P - 6

Total K 99 99

Total S 25 11

Nutrient products
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Category Parameter BEFORE AFTER

BEFORE No. apps Rate kg or L/ha AFTER No. apps Rate kg or L/ha

Inputs cont. Plant At planting Shirtan (120 g/L Mercury) 1 0.12 L -

Sprayer Gramoxone 250  (250g/L Paraquat) 1 1.5 L Gramoxone 250  (250g/L Paraquat) 0.85 (all  yrs) 1.2 L

Diurex (900 g/kg Diuron) 0.5 kg Stomp Xtra  ( 455 g/L Pendimethalin)0.85(7in10yr) 3.0 L

Stomp Xtra  ( 455 g/L Pendimethalin) 3.5 L Soccer  (700 g/kg Metribuzin) 0.85(7in10yr) 2.0 kg

Hi-Rise sprayer Velpar K4 (468g/kg Diuron 132g/kg Hexazinone) 1 3.0 kg Flame (240 g/L Imazapic) 0.5(all  yrs) 0.4 L

Gramoxone 250 (250g/L Paraquat) 1.0 L Atrazine  (900 g/kg Atrazine) 2.2 kg

Starane Advanced (333 g/L Fluroxypyr) 1.0 L

2,4-D (625g/L 2,4-D) 1.0 L

Hi-Rise sprayer Atradex (900 g/kg Atrazine) 1 3.0 kg MCPA 750 (750 g/L MCPA) 0.25(all yrs) 2.0 L

MCPA 750 (750 g/L MCPA) 0.25(all yrs) 0.6 L

Starane Advanced (333 g/L Fluroxypyr) 0.6 L

Tordon 75-D (300 g/L 2,4-D, 75g/L Picloram) 0.6 L

Ratoon Sprayer 2-4,D (625g/L 2,4-D) 1 1.0 L MCPA 750 (750 g/L MCPA) 1 0.6 L

Starane Advanced (333 g/L Fluroxypyr) 1.0 L Starane  Advanced (333 g/L Fluroxypyr) 0.6 L

Tordon 75-D (300 g/L 2,4-D, 75g/L Picloram) 0.6 L

Hi-Rise sprayer Gramoxone 250  (250g/L Paraquat) 1.0 L
Flame (240 g/L Imazapic)

1 0.4 L

Velpar K4 (468g/kg Diuron 132g/kg Hexazinone) 1 3.0 kg Gramoxone 250  (250g/L Paraquat) 1.2 L

Velpar K4 (468g/kg Diuron 132g/kg Hexazinone) 0.9 kg

Spot Spraying Spot sprayer 0.2 0.2 kg Daconate (720g/L MSMA) 0.2 0.2 L

Spray 1 - Spray out 

volunteer cane

Sprayer Roundup 540 g/L Glyphosate) 1 6.0 L Roundup 540 g/L Glyphosate) 1 6.0 L

Spray 2 - Spray out 

volunteer cane)

Sprayer Roundup 540 g/L Glyphosate) 1 2.0 L Roundup 540 g/L Glyphosate) 1 2.0 L

Legume 

fallow

Spray 1 Sprayer Verdict (520 g/L Haloxyfop) 1 0.4 L

Pesticides 

(Herbicides, 

insecticides and 

fungicides)

Bare 

fallow

Spray 1 – Pre-emergent 

and knockdown

Spray 2- Grass out-of-

hand

Spray 3- Broadleaf out-

of-hand

Spray 2- Out-of-hand

Velpar K4 (468g/kg Diuron 132g/kg Hexazinone) 

(1kg/100L)

Spray 1 – Pre-emergent 

and Knockdown
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Category Parameter BEFORE AFTER

Harvest and haulout BEFORE AFTER

Type Burnt (BCH) OR green cane harvesting (GCH) GCH GCH

Harvest efficiency Fan type 4' fan OR 4.5'-5' fan 4.5'-5' fan 4.5'-5' fan

Fan speed RPM 800 800

% removed 0% 0%

% burnt pre-harvest 0% 0%

% burnt post-harvest 0% 0%

% retained 100% 100%

Water management

Irrigation system NA NA

to cane crops ML/ha 

to other crops ML/ha 

Source of water (eg. dam, groundwater, river, irrigation scheme)

Energy source (eg. fuel, electricity)

Pumping head pressure psi  

Pump efficiency % 

Water applied

Energy for 

irrigation

Fate of harvest 

residues

(eg. travelling gun, furrow, hand shift, travelling boom, centre pivot, lateral move, drip 

irrigation)

Type of irrigation system and area serviced 

for each
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Appendix G. System expansion approach 

Table 72 describes the four options that are available for solving allocation in multifunction systems in order of 
preference outlined in the ISO 14044 standard (International Organization for Standardization 2006), with a 
modification in line with the recommendations from UNEP/SETAC global guidance for LCA databases 
(UNEP/SETAC Life Cycle Initiative 2011). Option 2 has been moved ahead of system expansion as it is only 
applied to combined production where the production volume of different co-products can be varied. 

Table 72 Description of options for solving allocation in multifunction systems. 

Option Solution description Graphical representation 

1a Dividing the unit process to be 
allocated into two or more sub-
processes and collecting the input 
and output data related to these 
sub-processes. 

For example, for a farming 
establishment producing crops and 
sheep, subdividing and collecting 
data on inputs such as diesel, 
fertilisers etc. for energy crop 
production and pastoral operations 
separately would avoid the need for 
allocation. 

 

  

2 Physical relationships: For 
combined production, where the 
co-product amount is not fixed but 
can be changed, the impacts are 
allocated based on how the 
physical relationships between 
inputs and emissions change as the 
ratio of co-products changes. This 
will take the form of a mathematical 
relationship on how feed changes 
as a function of lamb production.  
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Option Solution description Graphical representation 

1b System expansion refers to the 
process of including the co-product 
into the system boundary and then 
removing it by providing a credit 
equal to the functional value of the 
co-product.  

For example, grain production may 
have straw as a co-product. The 
system boundary is expanded to 
include the low protein animal feed 
function (the main use of wheat 
straw). This function is then 
removed from the functional unit by 
subtracting an equivalent functional 
amount of pasture hay. 

 

  

3 Where physical relationships alone 
cannot be established as the basis 
of allocation, the inputs and 
emissions should be allocated 
between the co-products, based on 
other relationships between them 
such as the economic value of the 
co-products. This is shown here 
using the same example as system 
expansion of wheat and straw. 

  

Note that all values using in the diagrams are for demonstration purposes and not actual values.  
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The calculation approach for the system expansion option described above has been taken from Weidema 
(2000). This approach differentiates between co-products that are fully utilised in the marketplace and those 
that are not. All of the co-products analysed in this study were considered to be fully utilised, with the exception 
of the lignocellulosic material used to produce ethanol. 

Figure 47 shows how the impacts of the determining product and the co-product were calculated. The 
determining product is the product that sets the level of production. It is allocated all the impacts of the main 
production processes (A), the intermediate processing of the co-product (I) and any supplementary materials, 
and it gets a credit for the avoided product (D). For processes using the co-product they are allocated the 
impacts of the avoided process (D) plus any impacts with co-product use less the impacts of any 
supplementary materials (S). 

 

 

Figure 47 Calculation approach for fully utilised co-products. Adapted from (Weidema 2000). 

For petroleum fuels the production system was subdivided into crude oil use and refining impacts. Crude oil 
was allocated to each fuel based on energy content. 
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