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The Australian cotton industry is a world leader in the production of quality cotton with high
levels of water efficiency. Australian cotton yields have increased steadily over the past 20
years, and are now two and a halftimes the global average with higher levels of water use
efficiency than other key production regions in the world. In recent years, the industry has
proactiveIy improved the management of its water resources. It has invested substantial
resources in research and extension programs to improve the cotton produced per unit of
water input. However, the industry has never investigated water use using a supply chain
assessment methodology such as life cycle assessment or water footprinting. These
methods have grown in popularity and importance as tools to investigate and communicate
the impacts of producing a product such as cotton throughoutthe supply chain. IdealIy, such
analyses provide results for a retail product and the use of that product by consumers,
Recently, such studies have been commissioned for iconic cotton product manufacturers
such as Levi Strauss.

EXECUTIVE SUMMARY

Cotton Research and Development Corporation

A review of supply chain water use assessment methods identified two main methodological
approaches; water footprinting or WF (which supersedes the term 'virtual water' or VW) and
life cycle assessment (LCA). A third method, water balancing, is not strictly a supply chain
assessment tool, though it could be applied that way. However, because it is the most
commonly used way to quantify water use for cotton production at the farm level it is
reviewed in detail here also. Results from water balance studies (at the farm level, for
example) can be readily used as inventory data for either a WF or LCA study.

Differences between the LCA and WF methods are numerous. Water footprinting/virtual
water was developed as a method of assisting countries to reduce water use by importing
products that require a high amount of irrigation water to grow locally. Hence, water
stressed regions such as the Middle East could reduce production of wheat and livestock
that was grown locally using irrigation, and import these products from other countries. This
would amount to water savings forthe importing country. The key feature of the method was
that it is based on the theoretical water requirement for productibn regardless of the source
of that water. Initial WFNF studies reported, for example, that Australian wheat 'used' 1588
L I kg of wheat produced, without identifying the fraction of water sourced from 'soil stored
moisture derived from rainfall' (or green water) compared to the fraction sourced from
irrigation. For a nation such as Australia that grows much of our cereal product from dryland
areas, this approach was easily misinterpreted and equated to the volume of Irrigatibn water
required. Later studies clarified that only 25% of the water used for Australian wheat was
derived from irrigation (still thought to be an overestimate compared to other Australian
research). Even for a predominantly irrigated crop such as cotton, inclusion of green water
in the assessment would lead to a considerably higher level of reported water use. The WF
method also includes 'grey water' or dilution water, which is the estimated volume of water
required to assimilate pollutants released from a production system to ensure these are
below threshold levels. Hence, releases of chemicals and nutrients would require an
estimated volume of 'dilution' water to ensure these were below environmental and health
thresholds, and this water 'use' would be attributed to the production system. This could
also be quite significant for cotton production in some situations.

In the field of LCA there have been a number of advances aimed at accurately quantifying
and interpreting water use data. Most of this work has been done in the pastthree years,
and studies done prior (or even during) this time are quite variable in quality and rigour. LCA

Review of Water use in the Production of Cotton and other Fibres usingLCA
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research is divided into two important stages relevant to this discussion; the inventory stage
(data collection) and the impact assessment stage, when the inventory results are
interrogated and interpreted. Different methods apply to each stage. At the inventory stage,
an LCA study may use data collected for other purposes (i. e. irrigation water balance
research or WF research), but at the impact assessment stage, these data are used to
provide insight into the impacts of using water on competitive users or the environment using
a number of methods. It is this impact assessment method that is more advanced than a
simple 'inventory' of water use (which could be done with a series of water balances) or a
WF study, which doesn't extend beyond the inventory stage either. This helps address the
problem that we can understand intuitively, that the impact of water use will differ greatly
depending on where it is used and particularly, if it is being drawn from a depleted, oven
allocated (or stressed) source. InterestingIy, while Australia may deem some catchments
(notably the Murray Darling) as being over allocated or stressed, on a global scale the stress
weighting is not compareble to severely stressed regions such as North Africa or India.

State-of-the-art LCA methods for water use specify the use of detailed inventory methods
such as water balancing, specification of water quality inputs and outputs, and methods to
quantify the impact of using water. However, WF methods provide no insight to these
differences. Recent LCA methods have proposed ways to define water use in terms of the
stress created on a catchment by using the water. 'Water stress has been defined globalIy
in order to allow comparisons with different production regions of the world. These methods
are operational and have been applied to Australian beef production (by CSIRO and the
authors) and for pork production (by the authors). To date, no study of an irrigated crop has
been made to the Author's knowledge.

The major differences between WF and LCA can be summarised as follows:

The inclusion I exclusion of green water. This is included in the WF method and
generally excluded from LCA methods at the impact assessment level.

10 The inclusion I exclusion of grey water. This is included in the WF method and
excluded from LCA methods at the impact assessment level.

in) Inclusion of methods to assess the impact of using water(on competitive users
and the environment) rather than simply the total volume used. This is excluded
from the WF method and included in LCA methods.

On review and comparison of these methods, the authors felt LCA to be the most robust and
useful method for conducting supply chain water use assessments in the Australian cotton
industry. The reasons forthis were:

State-of-the-art LCA research specifies the use of a detailed water balance to identify
flows of water at each stage in the supply chain. This is a robust approach for
quantitying water use in cotton production. Data are readily available and results can
be communicated easily with the industry and the consumer.

LCA has a robust methodology and framework for handling water 'uses such as
green water and grey water. This may be done excluding these from the impact
assessment and including additional impact assessment methods that deal directly
with the issue of concern (such as contaminant release). This results in a more
readily understandable and meaningful result.

Cotton Research andDevelopmentCorporation
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my Taking point my into account, LCA is able to include green and grey water use at the
inventory level in order to provide a compareble result with a WF method if this is
desired.

iv) Impact assessment methods are available in LCA that can quantify not only the total
water used, but also the impact of using this water on either the environment or on
other competitive users, This is an important advance on the water footprint method.

v) LCA is able to incorporate additional impact assessment areas such as energy use
and GHG emissions to provide a broader assessment.

Considering most of the advances in LCA water methodology have been made recently, the
cotton industry is in a good position to provide a robust study based on well-grounded
methods that can be used as a benchmark for future research in the cotton supply chain and
in the textiles industry more broadly. A number of recommendations are provided for future
research in this area.

Cotton Research and Development Corporation
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I. INTRODUCTION

,.,. BACKGROUND

Water scarcity is an issue of growing concern worldwide, largely because it is estimated that
some 1.1 billion people do not have access to improved water supply sources ONH0 2009).
With a growing human population, it follows that stress on water reserves will increase
dramatically in the next 30-40 years (Rockstr6m at a1. 2007). While water scarcity is a
relatively difficult term to define, there is little doubt that water resources are under
considerable pressure worldwide (Falkenmark at a1. 1989, Glieck at a1. 2009, Shiklomanov
1998). An excellent review of these issues has been compiled by R'Sberman (2006).

At the simplest level, water scarcity is defined as the per capita per year water requirements
for household, agricultural, industrial and energy supply sectors, and the needs of the
environment. Falkenmark at a1. (1989) developed a simple 'water stress index' based on the
above requirements and identified that 1700 in' of renewable water resources were required
per person per year. Where supply falls below 1000m a country experiences water
scarcity. It is of great importance to understand that the majority of this water requirement is
used by agriculture. Hence, most assessments of water scarcity do not relate directly to the
supply of water available for domestic purposes (which are as low as 20 in'/person/year -
R'Sberman 2006) but rather provide an indication of the availability of water resources for
food and fibre production worldwide. This is reasonable, as agriculture uses more water
than any other activity in the world (Qadir at a1. 2003).

Traditionally, water 'use' has been defined by water engineering terms and principles, and
water use has only considered 'stored' water. However, as researchers have sought new
approaches to considering water scarcity, these traditional approaches have been
broadened to include assessments of virtual water or the more recently used term, water
footprint, which incorporates embedded water derived from multiple sources. In addition to
this, the number of life cycle assessment studies reporting water use has grown
considerably in the past number of years, These alternative approaches have introduced
complexity and ambiguity to the term 'water use' and have created the need for new
methodological approaches and clear documentation to avoid confusion.

In Australia, competition for water resources is one of the great challenges facing the most
populated regions of the country. It has become increasingly apparentthat water resources
have been stretched beyond the sustainable limits for the Murray Darling Basin (MDB)
where the majority of the population reside. As competition for water use grows, agricultural
water use faces increasing scrutiny. This is not surprising, as agriculture accounts for 65-
70% of water use nation-wide (ABS 2006). Forthese reasons water management is the
subject of major state and federal political attention and funding, and has received increasing
attention from the media and the community.

As with all agricultural commodities, there is a need for the cotton industry to examine the
environmental sustainability of its production systems. There are many parameters by which
environmental sustainability can be measured. These include, but are not limited to,
greenhouse gas (GHG) emissions, water use, land degradation and impact on biodiversity.
In Australia, water is a precious and limited resource and cotton production is a significant
user of freshwater supplies. Hence, the cotton industry needs factual information on water
use by cotton and its impact on the environment.

Cotton Research and Development Corporation
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Water use is highly relevant to the cotton industry for a number of reasons. In the future, the
cotton industry may need to justify their water requirements and compete for secured
entitlement of this resource. Australia's cotton industry is a key user of water from the
Murray Darling Basin. Access and sustainable use of this resource is essential for ongoing
production.

In 1991, the Australian Cotton Foundation commissioned a ground-breaking independent
environmental audit of the industry (1991). This audit focused largely on pesticide use,
which was the main issue at the time. In 2003, a follow-up audit was commissioned by
CRDC (GHD 2003). The later audit showed improvements in environmental performance.
This audit again focussed primarily on pest and pesticide management, along with the
management of chemicals. In addition, it discussed water use and management in greater
detailthan the 1991 audit. It determined that there had been ongoing increases in water use
efficiency in the years following the earlier audit. It also discussed the extensive increase in
water use efficiency research and implementation. The 2003 audit stated that most cotton
growers involved in the survey had not quantitativeIy measured on-farm water use. It also
stated that there were requirements for the industry to participate in water use efficiency
trials and water use benchmarking schemes in order to improve water use efficiency data.
Industry wide audits may be an important source of information regarding water use
efficiency in the future and the increased focus is important for building the knowledge base
in this area. Such knowledge is invaluable for conducting supply chain analyses such as
LCA.

Cotton ResearchandDevelopment Corporation

The Australian cotton industry has recently investigated the impacts of GHG emissions and
energy use from cotton production, processing and consumer use by using life cycle
assessment (LCA) (IsR 2009). LCA is now a reasonably well-established research
methodology that is defined by a number of international and Australian standards. The
assessment of water use using LCA (or more broadly, supply-chain water use assessment
methods) has rapidly evolved in the pastfive years, A number of methodologies have been
used to quantify water use for Australian plant products (including cotton) and livestock.
Importantly, some of this research has been conducted by European researchers without
local knowledge of farming practices or water management. Additionally, some methods
have been proposed by Australian and international researchers for other agricultural
products that are yet to be applied to an irrigation industry such as cotton. The development
and progress of such methodologies, and their application of this type of research, is highly
relevant to the cotton industry. This is particularly important as many companies and
industries are investigating supply chain water use assessment. Companies that have
completed studies on the water use of their products include Levi Strauss & Co. , Coca-Cola,
Volkswagen and AirDye Solutions. Australian industries that have carried out water supply
chain assessments include Australian Pork Limited (APL), Meat & Livestock Australia (MLA),
Australian Egg Corporation Limited (AECL) and Rural Industries Research and Development
Corporation (RIRDC). International organisations that have commissioned research in this
area include UNESCO-IHE, Waterwise, and the International Water Management Institute.

At this stage, it is not clear to what extent the Australian cotton industry may be called on to
provide such information. Hence, this review of the current status of the methodologies and
the uptake of supply-chain water use assessment will provide valuable and timely
information for the industry.

Review of Water use in the Production of Cotton and other Fibres usingLCA
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1.2. PROJECTOBJECTIVESAND METHODOLOGY

To undertake this review, the following steps have been undertaken.

12.1. REVIEWOF THE LCA METHODANDAPPLICATION IN AUSTRALIAN AGRICULTURAL
PRODUCTS

LCA is a toolthat has been applied to many agricultural commodities in Australia and
overseas. However, LCA methodology is still under development in specific areas such as
water assessments. Different studies have used different methodologies particularly for
agricultural systems.

Life cycle studies are generally not compareble without careful scrutiny of the methodology
used. This review aims to cover all studies that reported results for cotton regardless of the
quality of the work, in order to provide a comprehensive summary of the research to date.
This component of the review will determine which LCA methods would be most suitable for
the Australian cotton industry as a whole, and for individual producers (i. e. technical and
data requirements), both for research and for market-driven data supply requirements for
producers.

Cotton Research and Development Corporation

In this section of the review, the different approaches used for assessing supply-chain water
use will be identified and criticalIy compared, including a summary of the strengths and
weaknesses of these methods when considered in the context of the Australian cotton

industry. LCA is notthe only methodology that has been used to assess water use. It is
important to understand the different methodologies used because results determined using
different methodologies are often misquoted and invalid water use comparisons are made.

1.22. REVIEWOF METHODS FOR ASSESSING SUPPLY-CHAIN WATER USE

Even within LCA studies, different approaches to the treatment of water use have been
applied. One approach is a water inventory approach where resource use is quantified and
expressed on a unit of output basis. More recent and advanced methods have included an
impact assessment stage.

REVIEWOFWATER USEASSESSMENT METHODS IN LCA

A brief review of water use in the Australian cotton industry is provided including a review of
improvements in water use over time and a description of the difference between water
applied to the crop and water extracted from the natural environment.

1.24. REVIEWWATER USE IN AUSTRALIAN COTTON PRODUCTION

Review of Water use in the Production of Cotton and other Fibres usingLCA
7799 - Cotton water use assessment review - Final, 16th November, 2012 Page No. 3
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This section reviews all available LCA studies that cover cotton production and its full supply
chain. Where water is considered in the LCA studies, the data is reviewed criticalIy.

A screening process will be used to assess the quality of literature, with preference being
given to peer reviewed articles and government reports. However, some information
regarding market uptake will be sourced from less formal publications as required. Studies
extending to the fulllife cycle of the product along with 'farm gate' studies will be
investigated.

12.5. REVIEWOFWATER USE IN COTTON USING LCA

Cotton Research and Development Corporation

This section reviews available LCA studies covering other major fibre products (synthetics
and wool).

1.26. REVIEWOFWATER USE OF OTHER FIBRES USING LCA

,. 3. THE COTTON PRODUCTION, SUPPLYAND USE CHAIN

Cotton is one the world's most important crops. According to Chapagain at a1. (2006) cotton
uses 2.4% of the earth's arable land area. It is cultivated in warm climates and needs large
volumes of water to yield well. From a full LCA perspective, the cotton supply and use chain
has six major stages. These stages are:

I. Production - cotton planting, crop care, irrigation, harvesting and ginning

2. Fabric production - spinning, dyeing, weaving and finishing

3. Garment manufacturing - garment make-up and finishing

4. Transportation and distribution - the entire life cycle of a cotton garment has
many differenttransportation stages. For example, cotton may be cultivated in India
but made into yarn in the USA. This will lead to environmental impacts in this stage
of the life cycle of the product.

5. Consumer use - the amount of water used in this stage will be directly dependent
on the lifetime of the product and the amount of washings it receives in its lifetime.

6. End of life - recycling or disposal.

Figure I shows a typical pathway (supply chain) for cotton from production to the consumer.
This pathway does not include the use and end-of-life phases and, as such, is not a
complete cradle-to-grave supply chain. The importance of defining supply chains (system
boundaries) will be discussed in later sections. Clear system-boundary definitions are
required to ensure that water use studies are compareble.

Review of Water use in the Production of Cotton and other Fibres usingLCA
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About 70% of Australia's cotton is grown in NSW with the remainder grown in Queensland.
Although minor amounts of cotton have been grown since the 1860s, the most significant
industry growth happened after the construction of Keepit Darn on the Namoi River. This
was followed by a rapid expansion in the 1980s. By 2010, there were about 800 cotton
farmers in Australia from Hillston in the south up to Emerald in the north (Figure 2). About
80% offarms are irrigated and they often produce cereal crops like wheat and sorghum and
beef cattle as part of the enterprise mix (Roth 2010). Up to some 400 000 ha of irrigated
cotton are grown in Australia depending on water availability.
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Since 1960, cotton yields have increased at about 30 kg of lint per ha per year. Australian
average yields are now the highest of any major cotton producing country in the world.
Yields have continued to increase from 1200 kg/ha in the 1970s through 1400 kg/ha in the
1980s to 1600 kg/ha in the 1990s (Roth 2010). Lint yields are now around 1900 kg/ha
(Figure 3).

By comparison, the world cotton average yield increased at about 8 kg of lint per ha per year
from 1950 to 1990 (Chaudhry 1998). The global average yield was only 551 kg/ha in
1998/99. However in recent years, the global average yield has increased to 773 kg/ha
(Chaudhry 2007). Even with these increases in cotton lint yields, Australian yields are still
almosttwo and a halftimes the global average.

For decades, the Australian cotton industry has been aware of the need for improved
environmental performance. In 1991, the Australian Cotton Foundation commissioned a
ground-breaking independent environmental audit of the industry (CRDC 1991). In 2003, a
follow-up audit was commissioned by CRDC (GHD 2003). The later audit has shown
improvements in environmental performance.
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2. LIFE CYCLEASSESSMENT

LCA is a well established research method now defined by a number of international
standards (ISO 2006a, by . Initially, the tool was developed for industrial applications in the
late 1960's, though in the past 10 years, increased interest and research activity has been
directed to agricultural systems. This is evidenced by the repeat increase in the number of
published agricultural LCAs in the period 2000-2010 compared with the previous 10 years,

LCA is a multi-impacttool used to investigate resource use and environmental impacts over
the entire life cycle of a product or service. Studies are conducted in four stages (see Figure
4):

Cotton Research and Development Corporation

goal and scope establishment
data collection (life cycle inventory, LCl
life cycle impact assessment (LCIA)
interpretation.

The degree of flexibility within the research framework and the specific data collection
processes employed allow a considerable degree of variance between studies.
Consequently, LCA results should not be compared without careful review of critical
methodological elements and standardisation of results. These elements primarily relate to
the goal and scope of the study and the data collection (inventory) approach used.

Agricultural systems have some unique properties that require careful treatment within LCA.
In particular, the long production cycles and open systems complicate collection of
production data and environmental impact data. While these issues are not new to
researchers in the agricultural sciences, the interdisciplinary nature of LCA research means
careful attention must be directed to the methods and assumptions used during these
research stages.

e Cycle Assessment Methodology

Goaland scope
definition

FIGURE 4-GENERALFRAMEWORK FOR LCAAND ITSAPPLICATION (ISO 2006A:, 4040)

Inventory analysis
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2.1. GOALAND SCOPE

The goal and scope stage of the project identifies the main aims and parameters for the
study. Critical elements include determination of impact categories to be investigated, the
functional unit (FU) for the system, system boundary definition and allocation proce^s^s.
Common impact categories include total GHG, energy use, water use, human toxicity,
eutrophication and land use.

Impacts assessed using LCA are reported relative to the primary output of the system,
termed the functional unit (FU) of the system. The FU reflects not only the most common
output, but also the purpose of that output. Hence, a full supply chain analysis for cotton
could investigate the service cotton provides, e. g. the number of years over which a cotton
shirt was used (worn) prior to disposal.

Determination of the system boundary defines what is included within the LCA study. In
general, LCA includes the full supply chain for a product through to final product disposal
(cradle-to-grave). However, many studies investigate the primary production stage only.
For agricultural products, this is described as "cradle-to-farm-gate". A farm-gate study
implies that allimpacts forthe production of the productthrough to that point are included in
the study. This includes both on-farm processes (crop production, irrigation, general farm
activities) and pre-farm processes (defined as upstream processes, such as fuel production,
fertiliser and pesticide production, and transport processes).

Figure 5 shows a cradle-to-grave supply-chain system boundary for a cotton product (in this
case, a pair of jeans). In Figure 5, the highlighted red box indicates the cradle-to-farm-gate
component of the supply chain. As can be seen, the on-farm component is only a small
proportion of the whole supply chain, although it may contribute a large amount to some
resource use and environmental impact categories.

Cotton Research and Development Corporation
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2.2. DATA REQUIREMENTS

Data collection for the life cycle inventory (LCl) is a complex process for agricultural
systems. It requires a number of data sources to be aggregated over a given data collection
time period. Because LCA uses a production efficiency measure, e. g. total water use per kg
of cotton 11ht produced, all data must be accurately attributed to total production. Agricultural
systems are variable, open systems with long and variable production cycles, making
determination of total production difficult, particularly in regions with a high degree of climate
variability. Additionally the water used in an agricultural system can be difficult and
expensive to directly measure. By comparison, manufacturing industries (where LCA
research originated)typically have rapid throughput and measurable inputs and outputs, with
a lower degree of variability. In adapting LCA for use with agricultural industries, two issues
are apparent:

the representativeness of the production system and data collected
the comprehensiveness of the estimation process used for parameters that cannot
be directly measured (such as GHG and water use).

The collection of accurate and representative production and resource use data is important
both forthe determination of overall productivity of the system and as an input to GHG and
water use estimation models.

Cotton Research and Development Corporation

2.3. ALLOCATION

Allocation relates to the partitioning of impacts to multiple products that may arise from a
single production system. Allocation issues exist for cotton production. About 300 kg of
fuzzy cotton seed is produced for every 227 kg bale of cotton (Roth 2010). Cotton seed is a
valuable by-product of cotton fibre production and makes up about 15% of the total financial
returns to farmers, Hence, of the water use of cotton production needs to be allocated to the
production of cotton seed. Standard LCA practice recommends (where possible) drawing
the system boundary to avoid multiple products. However, where multiple products arise
from the one system an allocation process must be undertaken. Three ways of addressing
allocation issues are provided by the ISO (ISO 2006a: 14040), in order of preference:

. Systemexpansion

. Allocation on the basis of physical or biological causality

. Allocation on the basis of economic value.

The impact of different allocation methods are significant.

2.4. LCA IMPACT CATEGORIES

A major strength of LCA is its ability to assess the resource use and environmental impact of
a wide range of different parameters. Impact categories can include:

Review of Water use in the Production of Cotton and other Fibres usingLCA
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. Humantoxicity

. Global warming

. Energyuse

. Water use

. Eutrophication (nutrientloss towaterways)

. LandUse.

The focus on multiple impact categories in LCA is important to avoid 'burden shifting'
between impact areas. It is also quite pragmatic, because there are many interrelated
impact areas that 'share' the same inventory data. For example, it is necessary to
investigate fertiliser and energy use to conduct a water use assessment, because both
energy (electricity in particular) and fertiliser require water to produce. To accurately
develop the water inventory, these data must be collected. Consequently, it may be little
extra work to investigate these additional impact areas from the beginning.

Cotton Research and Development Corporation

2.5. CONSEQUENTIALAND ATTRIBUTIONAL LCA

There are two basic perspectives that an LCA study can use. Most LCAs are done
retrospectiveIy. This is termed an attributional study because the impacts are attributed to
the product being investigated. The main question for an attribution al LCA is "whatimpacts
were created by producing and/or using this product?" If a study is investigating production
for a whole state or nation, every type of system that is currently being used needs to be
included to get an accurate and representative result.

An alternative approach is to consider a dynamic system, and investigate the consequences
of a change in production. In this case, the question might be "what impacts on water
systems would be created irone more bale of cotton was produced?"

This report takes an attribution al approach, which is a good starting point for LCA research.
However, more challenging questions are asked in consequential LCA studies and these
usually rapidly become a global investigation. For example, a consequential question is "if
less cotton is produced in Australia due to water restrictions, what is the environmental
impact on water resources globalIy?"

2.6. LCAAS APPLIED RESEARCH

LCA may be classified as an applied research tool. This means LCA research does riot
generally involve conducting individual research studies into each impact area associated
with the system. Instead, LCA draws from other studies that have been completed in the
area, and relates the results to the system being investigated. Where knowledge gaps exist,
the LCA practitioner can either conduct a very brief investigation with the aim of determining
how significantthe contribution may be from the unknown process, or exclude the process
untilfurther research has been undertaken. There are strengths and weaknesses with this
type of applied research. One strength is that an LCA can provide broad answers long
before the detailed research is completed. A second strength is that the broad scope allows

Review of Water usein the Production of Cotton and other Fibres usingLCA
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impacts to be 'classified'in terms of their overallimpact. Likewise, efficiency strategies can
be evaluated in a holistic manner. This is something that many scientific research programs
find difficult to achieve.

The weakness of an applied research tool such as LCA is that it relies on results from
external research and modelling, which is less precise than if a full measurement campaign
was undertaken. Modelling, or the extrapolation of other research findings, can introduce a
source of error ifthere is a significant difference between the conditions of the research and
the conditions investigated in the LCA.

It is common for a single production system to include over 2000 processes within the LCA
model. Consequently, the process data used for common purchased products (such as
diesel, pesticides or urea for example) are drawn from databases rather than from
independent investigation of each sub-process. A distinction in LCA is made between
foreground data (or data collected as part of the project from the industry involved), and
background data (which is drawn from databases or literature sources).

LCA is a complementary toolthat can be used in conjunction with detailed scientific R&D.
For example, LCA can be used at the beginning of an R&D program to identify the most
effective research directions and the potential trade-offs involved with mitigation techniques.

Cotton Research and Development Corporation

Likewise, LCA may be used to evaluate the effectiveness of current research results by
bringing them into the context of production systems.

This is important if real gains are to be made without 'burden shifting , which is an activity
where one environmental impact is reduced in one sector of the supply chain only to be
consequentially increased in another section of the supply chain.

2.7. AUSTRALIAN AGRICULTURAL LCA RESEARCH

Most major agricultural industries in Australia have (or are in the process o0 conducting LCA
research. Completed studies in the last IO years include:

Dairy
Red meat (Peters at a1. 2009, Peters at a1. 2010a, Peters at a1. 2010b)
Grains (wheat, barley, canola - Narayanaswamy at a1. 2004), (maize - Beer et al
2005)
Pork (Wiedemann et a1. 2010)
Eggs ONiedemann & MCGahan 2011)
Chicken meat(Wiedemann at a1. 2012)

In general, these studies have focused on GHG, energy and water use as this has been the
major area of interest to producers and consumers' Few studies have considered the full
suite of LCA impact categories.

Other private work has been carried outfor some industries butthese are not available in the
public literature.

Review of Water useinthe Production of Cottonand other Fibres usingLCA
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The Rural Industries Research and Development Corporation (RIRDC) (with funding from
MLA, APL, CRDC and others) developed a methodology for agricultural LCA in Australia
(Harris & Narayanaswamy 2009). The methodology is particularly focussed on GHG, energy
and water use, and represents an adaptation of the ISO Standards (ISO 14040-, 4044) to
LCA in agriculture.

In respect to water, while providing some useful, broad-scale guidance, the methodology
failed to provide guidance and did not resolve many critical issues, mainly because the
fundamental research had not been done at the time. The methodology did specify the need
for detailed estimation of on-farm water loss pathways such as evaporation, seepage and
drainage.

The methodology proposes presenting water use under two definitions:

i. The ABS water use definition (which is roughly equivalent to blue watery
ii. Two definitions provided by the National Land and Water Resources Audit(NLWRA

namely:

27.1 LCA METHODOLOGY DEVELOPMENT

Cotton Research and Development Corporation

The methodology states that the sustainable use of water shall be reported as a percentage,
namely:

Water removed from rivers as a percentage of sustainable flow regimes; and

Groundwater abstraction as a percentage of sustainable yields.

Surface water sustainable flow regimes: the volume and pattern of
water diversions from a river that include social, economic and
environmental needs; and

Groundwater sustainable yield: the volume of water extracted over a
specific time frame that should riot be exceeded to protectthe higher
social, environmental and economic uses associated with the aquifer.

This may have some merit for its national relevance. However, no studies are currently
available that follow the proposed Harris & Narayanaswamy (2009) water assessment
approach.

Since development of the Australian methodology, a number of important methodological
papers and case studies have been released. Hence, the recommendations presented by
Harris & Narayanaswamy (2009) could not be considered definitive.

2.8. ASSESSMENTOFAGRICULTURAL SUPPLY-CHAIN WATER USE

Although this review aims to focus on LCA studies, several other water use methodologies
have been reviewed to provide a clear understanding of the strengths and limitations of
each. The methodologies can be broadly grouped into three categories. These are:

Review of Water useinthe Production of Cotton and other Fibres usingLCA
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I. Water Footprinting -WF (and virtual water- WV)
2. Water Balances

3. Life Cycle Assessment(LCA).

Whilstthese methodologies have been developed for different purposes and may relate at
some levels, they rarely produce coinparable results and are often used to draw conclusions
that cannot be substantiated from the methodology used.

There are two issues with the assessment of water use for an agricultural commodity. They
' h is an invento of the uantit of water used and environmental

jin act or jin acts to humans and the environment. Most methods focus on developing a
water inventory. However, these do not include any assessment of the impact of using
water. The implication is often made that'the more you use, the worse you are', which is a
very simplistic assessment of the impact of using water. These issues will be discussed in
detail in the following sections.

Cotton Research and Development Corporation
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3. WATER FOOTPRINTINGANDVIRTUALWATER

3. ,. METHODOLOGY

The virtual water (VW) concept was first proposed by Allan (1998) to describe the water
required to produce tradable commodities (particularly food) in water stressed economies.
The water footprint(WF) of a product is equal to the sum of all of the water that is consumed
at the different stages of production and is equivalent to the virtual water content. The VW
method makes a useful contribution to the global understanding of water transferability by
showing that irrigation water in one region can be saved by importing food, thereby reducing
water stress. Moreover, stress on irrigation water because of agriculture can be alleviated
by growing products in regions where water requirements can be met by soil stored
moisture.

Cotton Research and Development Corporation

To further improve the understanding of VW, Falkenmark (2003) describes water in terms of
'blue' water(which represents our general understanding of water that may be sourced from
surface or groundwater supplies) and 'green' water, which may be classed as soil stored
moisture from rainfall(i. e. Falkenmark 2003, Falkenmark & Rockstrom 2006). Additionally,
the term 'g. :^!!' water use has been developed to identify water 'required' to dilute
contaminants released from a production system to acceptable concentrations for the given
water system the contaminants are released into.

Allthree of these terms are now used in the field of water footprinting (Hoekstra at a1. 2009a,
Hoekstra at a1. 2009b) and Hoekstra at a1. (2011) .

Early methods for assessing WV or the WF of a product have been outlined by Chapagain &
Hoekstra (2003), Hoekstra & Hung (2002), Hoekstra & Hung (2005) and Chapagain at al.
(2006). These authors base their research on retrospective analyses of crop
evapotranspiration requirements (using CROPWAT - FAO 1998). Hence, water use is
modelled, not measured.

Prior to the distinction of blue/green/grey water sources, there was a substantial degree of
confusion surrounding WVNVF results. In some instances, use of WVNVF data led to
erroneous conclusions, particularly where the WF was considered synonymous with water
extracted from a river or ground water source. According to Peters at a1. (2010b), 98% of
the WV associated with Australian beef production systems was sourced from green water,
which has very different opportunity costs and impacts when compared to blue water.

Several authors have proposed using a modified WF/LCA approach for estimating water use
for agricultural products, including Ridoutt at a1. (2009a, b), Pfister at a1. (2009), Mila i Canals
at a1. (2009) and Ridoutt and Pfister (2010). These authors identify the need for more
detailed inventory methods (particularly differentiation between blue and green water), and
recommend excluding green water from the impact assessment. Ridoutt & Pfister (2010)
and Pfister & Hellweg (2009) propose introducing a weighting factor into water footprinting
as a means to indicate the environmental impact of water use.

In 2011, Hoekstra at a1. (2011) brought out"The Water Footprint Assessment Manual". This
book contains the global standard for water footprint assessment as determined by the
Water Footprint Network (WFN). This manual builds on the work carried out by (Hoekstra et
a1. 2009a) and as such provides a standard on definitions and calculation methods for water

Review of Water use in the Production of Cotton and other Fibres usingLCA
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footprint accounting. This is essential, as the interest in water footprinting shown by
governments and major companies is growing, and a shared standard forthis process is
necessary to formulate sustainable water strategies and policies. The Water Footprint
manual presents the argument that green water must be considered when accounting forthe
water footprint. Hoekstra at a1. (2011) argue that, although blue water resources are
typically scarcer and have greater opportunity costs than green water, green water
resources are also scarce. In addition to this, green water can be substituted with blue water
processes, or vice versa in agricultural systems. Therefore, if the historical focus on just
blue water is taken, the full picture of the water footprint will not be found. However, this
view is not shared by many water use specialists. The draft International Standard for water
footprinting (as yet unreleased) does not include green water use as part of the water
footprint of a product (B. Ridoutt pers. coinm. ). The inclusion or otherwise of green water
will depend on the focus of the study being undertaken. Clearly, with the focus in LCA being
the impact of water use, LCA practitioners are less likely to consider green or grey water
use. Further discussion regarding LCA approaches to water use are provided in Section 5.

Bluewater- Surfacewater or groundwaterthatis consumed (evaporated) as a result
of the production of a product.

Green water - Soil stored moisture from rainfall consumed as a result of the
production of a product.

Greywater- Freshwater that is required to assimilate the load of pollutants based on
existing ambientwater quality standards as a result of the production of a product.

Cotton ResearchandDevelopmentCorporation

3.2. COTTON WATER FOOTPRINTSTUDIES

Two studies of the water footprint of cotton were reviewed. Chapagain at a1. (2006)
conducted a water footprint study of global cotton production and consumption forthe period
1997-2001. The study defined the contribution from green, blue and grey water use, and
investigated the supply chain from the "cradle-to-consumer", including all stages through to
the point of retail(i. e. excluding the use and end-of-life phases). The study built on the work
from previous water footprint studies (Chapagain & Hoekstra 2003) and (Hoekstra & Hung
2002) to include the impacts of pollution along with groundwater use, surface water and soil
water.

This report listed the water footprint of five different products: I pair of jeans, I single bed
sheet, I T-shirt, I diaper and I Johnson's cotton bud. The blue, green and grey water
content of each of these products is scalable by mass. The water footprint consisted of
4900 L (blue water), 4450 L (green water) and 1500 L (grey water), which gives a total water
footprint of 10 850 L/kg processed cotton product.

Hoekstra and MeKonnen (2011) quantified the blue, green and grey water footprint of
worldwide crop production forthe period 1996-2005. The study used the Water Footprint
Assessment Manual(Hoekstra at a1. 2011) and included all supply chain stages up to and
including the finished cotton fabric. The study determined that the blue water use was
5384 L/kg cotton fabric, green water was 3253 Ukg and grey water was 1344 L/kg, giving a
total water footprint of 9981 L/kg fabric.

Review of Water use in the Production of Cotton and other Fibres usingLCA
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The differences in the water footprints between the two studies are due to the fact that the
study by Chapagain at a1. (2006) included the garment manufacturing stage and the data for
both studies were from differenttime periods. It should also be rioted that the reported water
footprint data for both of these studies are a global average. Therefore, it is riot
representative of Australian water footprints for cotton products. Table I presents the results
from two global water footprint studies of cotton.

TABLE, -WATERFOOTPRINTOFWHOLESUPPLYCHAIN

Water
Research

measurement
location

methodolo

The

Netherlands

but data is

global
average

Water

footprint
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4900 (blue)

Measured Unit and Scope

4450 (green)

Ukg of jeans (several other
cotton products assessed and
results were compareble when
differences in mass are

accounted for). All stages
including production of cotton
garment products (no use or
end-of life phases considered)1500 (grey)

10 850 (total)

5384 (blue)

3253 (green)

1344 (grey)

9981 (total)

Ukg cotton fabric, finished
texiile. All stages including
production of cotton textile (no
garment production, use or
end-of life phases considered)

Water footprint

Reference

Water footprint

Chapagain at a1. 2006

The

Netherlands

but data is

global
average

Hoekstra and Mekonnen

2011
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4. WATER USEASSESSMENTUSINGWATER BALANCES

A water balance is a simple tool used to assess the total flows of water throughout a system.
Essentially a water balance relies on the assumption that total inputs must equal total
outputs (i. e. that water is neither created or destroyed from the given system). Water
balances must be geographicalIy defined, and are generally not focussed on assessing a
supply chain, but rather a discrete sub-system within a supply chain, such as a farm. This
said, they can be applied at a much larger scale, such as a whole catchment. For example,
the Australian Bureau of Statistics (ABS) reports a water balance for the whole Murray
Darling Catchment. In Australia, the main aggregator and reporter of water use data are the
ABS. Hence, this is an important source of data and definitions in the assessment of
Australian water use.

Cotton Research andDevelopment Corporation

4. ,. WATER BALANCE DEFINITIONS

The engineering approach to system water accounting describes water movements
associated with system in the contexts of inputs and outputs. In its simplest sense, water use
is defined as the sum of the water outputs from a system, or the sum of the water inputs
minus water captured in storage within the system.

Within the definition of a water use, delineation can be made between beneficial uses of
water and non-beneficial uses, or losses. This is consistent with the approach used by the
ABS in differentiating consumption from use, where 'beneficial' uses effectiveIy correspond
to consumptive activities.

With this clarification made, a more representative working definition of water use is the sum
of beneficial uses. However, it is also understood that there are non-beneficial uses (losses)
associated with beneficial uses, and these should also be included in the total water use
value.

4.2. WATERBALANCEMETHODOLOGY

The water engineering approach quantifies water use for a physical system through
construction of a water balance. The technique is based on accounting for system inputs and
outputs, with imbalances resulting in changes to system storage under the assumption that
there are no net gains or losses (i. e. no water is generated or destroyed).

The strength of this approach - when used for water accounting - is that it provides a full
assessment of water movements attributable to a system, identifying where improvements
can be made by reducing or eliminating losses. Water balances can be applied at any scale
depending on the resolution of input data and the required resolution of output data. At a
farm level, typical water balance components are provided in Figure 6.
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The factors involved in this balance are a mix of physical processes and farm operations.
The major components of a farm water balance are as follows:

Inflows - water may enter the system from many sources, which include:

Rainfall - describes water entering the system through rainfall. This can be
accounted for as direct input to storages or cropping areas, but can also indirectly
account forthe generation of surface runoff.

Pumped water - describes water broughtinto the system via some form of pumping.
Common water sources are rivers, creeks and bores. This can also accountfor water
delivered to the property by some form of distribution network or water supply
scheme. Measurements of these inputs are generally quite simple with the use of
flow meters in pipelines and channels.

Surface runoff - describes water entering the system while flowing overthe ground
surface. Surface runoffinputs are usually very difficult to quantity, except where they
are transferred into storages orfor direct use by pumps, pipes or channels.

Outflows - depending on the level of detail, the water balance will define outputs by
measurement and deduction. Outputs include:

Transpiration - describes the process of plants removing water from the ground to
support life and growth, and the eventual release of that water as vapour to the
atmosphere. Transpiration rates vary considerably between plants of different types
and species, and also vary according to climate and environmental conditions.

Evaporation - describes the loss of water from open water surfaces through
vaporisation. The driving factors of the evaporation process are solar radiation,
temperature, wind speed and humidity. Evaporation can be inferred from measured
rates using a standardised pan, or calculated from measures of climatic conditions.
Evaporation losses can be reduced by a number of approaches from engineering
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solutions (such as designing storages to minimise open water surface areas forthe
volume of water stored, covers for open water surfaces etc. ) to management
strategies (such as minimising time of storage, consolidating water into fewer
storages etc. ). In many locations across Australia, annual potential evaporation
losses exceed annual rainfallinputs. It follows that evaporation is a major loss
componentfor many farm water balances.

Seepage - describes outflow from storages and distribution channels by percolation
through the base and/or walls. In engineered earthen storages or channels, seepage
can be minimised through careful compaction of the lining material. The target
minimum seepage rate from compacted earthen structures is approximately
0000001 min/day. Alternatively, seepage losses can be eliminated by the provision
of a physical barrier, such as a plastic or concrete lining layer.

Deep drainage - describes the infiltration of water into the ground beyond the root
zone of plants. In the case of irrigation, deep drainage is usually triggered by
applications of water in excess of what is required to hilthe root zone of the planted
crop to it maximum water holding capacity. Deep drainage can also be induced
through rainfall onto a recently irrigated field.

Surface runoff - describes water draining off the farm on the ground surface,
usually triggered by rainfall. Surface runoff may be captured in storages, and can
also include excess irrigation water draining off irrigated fields.

Cotton Research and Development Corporation

Water balances must also be applied to the individual components of a system to represent
the behaviour of the components and describe the interactions between components. The
generation of surface runoff requires analysis of a soil moisture balance, while water
storages are also subject to a separate balance analysis to quantify fluctuations in storage
volume.

If water use is to be attributed to production (i. e. L per kg of cotton) the general approach
would be to account for all'system' water inputs (from watercourses, storages, groundwater
etc) which are directly related to production. In this manner, rainfallis included in the
balance, but is generally excluded from the calculations of 'water use' since it does not exist
because of the production operation.

In the case of an irrigated crop, water use may be calculated as the water applied to the field
without any further considerations of the water movements on the field after application.
Depending on the level of available data, these water movements may be quantified to
provide a better picture of the destination of the water if required (i. e. quantifying how much
water ends up as deep drainage, evapotranspiration or runoff).

4.3. AUSTRALIAN BUREAU OF STATISTICS (ABS) DEFINITIONSAND METHODOLOGY

The ABS defines water use as "the sum of distributed water use, self-extracted water use
and reuse water use". This is compatible with data available to most water users (i. e. water
bills for reticulated supply, meter readings for bores). Hence, water use is defined by the

43.1. ABS DEFINITIONS
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inputs to the system. "Distributed" and "self-extracted" water uses are defined as water
supplied from engineered delivery systems. Delivery systems vary greatly in size and
degree of infrastructure, incorporating a range of systems, from sub-artesian groundwater
extraction to water supply from rivers or state-owned darns.

Water is classified as "distributed" if the water is purchased, or "self-extracted" if not.
Essentially, this definition corresponds to "blue" water (water that may be sourced from
surface or groundwater supplies) and does riot include rain falling on properties. For water
to be considered "used", it has either been transferred from its natural watercourse or
extracted from groundwater. Hence, ring tanks that collect overland flow from local
catchments orfloodplain harvesting are not considered.

"Reuse water' refers to any drainage, wastewater or stormwaterthat has been used more
than once without being first discharged to the environment. It can refer to both treated and
untreated water.

Cotton Research and Development Corporation

Delineation is also made between the terms consumption and use. Water consumption
differs from water use in the sense that it represents the net water balance for an activity
less the amount of water passed on for other uses. For example; a hydroelectric power
station has a high water use - accounting for all of the water which enters the facility - but a
very low water consumption, since almost all of the water 'used'is discharged downstream
for other uses.

The ABS definition of water use includes the volume of water lostthrough supply systems.
The attribution of this loss volume to suppliers and consumers depends on the origin of the
loss. For example, distribution system losses are considered to be a form of use by the
supplier and metering losses are considered to be a form of use by the consumer.

43.2. ABS METHODOLOGY

The Water Account publications released by the ABS represent a collation of data from a
wide range of sources. Water use statistics are derived from government agencies at all
levels, water authorities, industry organisations, and a range of ABS surveys. It is
reasonable to assume that organisations involved in the large-scale supply and transmission
of water would base their information supplied to the ABS on metered data but this is not
always so.

In cases where data has not been collected or where records are incomplete, values may be
calculated or inferred from other related measures. An example relevant to agriculture is the
volume of self-extracted water, where specific data does riot exist due to monitoring
impracticalities, and so the volume is inferred by subtrasting the distributed water use from
the total water use.

A similar wateruse accounting approach could be applied at scales right down to a farm
level. Required data could be sourced from transaction records supplied by water suppliers,
reports from government water authorities, and inferred calculations (such as calculating
volumes from pumping rates and time spent pumping). The collation and analysis of data
from these sources would allow a reasonably accurate assessment of water movements and
use on the farm.
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More specific to agricultural production, the "Water Use on Australian Farms' publications
present a higher resolution snapshot of water uses and sources. This includes a breakdown
of irrigation activities by crop and method, as well as a breakdown of the sources of
agricultural water (surface water, scheme supply, groundwater, reticulated mains etc. ). The
data presented in the "Water Use of Australian Farms" publications are derived principalIy
through ABS surveys. Surveys generally ask respondents to provide areas of irrigation land
and the volume applied to these areas. If the volume is unknown or unmetered,
respondents are asked to estimate the applied volume, which in many cases would be
inferred from an average crop water requirement value. Clearly, inaccuracies exist with this
data.

'Water use"from a water balance can be defined from the inputs orthe outputs.

Water use as defined by outputs is the sum of transpiration, evaporation, seepage,
deep drainage and surrace runofletc.

Water use can also be based on inputs. The ABS define water use based on the
total inputs to the system from various sources.

Cotton Research andDevelopmentCorporation

4.4. WATER BALANCEAPPLicATioN To COTTON PRODUCTION

Water balances are commonly used to design irrigation systems and define water use
efficiency on Australian cotton farms. Typically, a water balance will include both irrigation
water and rainfall. Recent research by FSA Consulting and Aquatech - FSA/ATC (2011)
included a detailed water balance study of six irrigation farms in the northern Murray-Darling
Basin over a three-year period. The objective of the study was to develop methods for
measuring the various components of land surface diversions (overland flow). The
methodology used to achieve this objective included eleven steps. These were:

Step , - Site Selection, Select six representative sites (farms) across the northern MDB -
three in NSW and three in QLD. Obtain co-operation from each participating grower and
sign a confidentiality agreement.

Ste 2 - Site Data and Water Movement Schematics. For each site, collect basic site
data and prepare a water movement schematic to identify LSD and non-LSD water
movements. Identify the most appropriate locations to measure the components of LSD.

Ste 3 - Desi n the Monitorin S stern for each Site. Determine which water movement
parameters would be directly measured over the whole period of the project and which
parameters would be estimated from short-term measurements, scientific literature or
modelling.

Ste 4 - Monitorin S stern Installation. Procure and install appropriate monitoring
equipment at each site.

Ste 5 - On- oin Data Collection. Conduct periodic visits to each site to inspectthe
irrigation areas, irispecVmaintain installed equipment, collect monitoring data and 11aise with
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site management to discuss water movements. Data was collected over a three-year period
from I Feb 2008 to 31 March 2011.

Ste 6 - Set u WaterTrack" Whole-Farm Water Balance Model. Set-up WaterTrack
Optimsier whole-farm water balance to enable the components of LSD to be determined
for each site.

Ste 7 - Literature values for Estimated Parameters. Choose appropriate values from
the scientific literature for estimated parameters used in the water balance models.

Step 8 - Short-term Data Collection. Undertake short-term data collection to improve
estimated parameters obtained from the scientific literature.

Ste 9- ModelCalibration usin three ear's Data. Using measured and estimated data,
calibrate the whole-farm water balance modelfor each site. Determine estimates of LSD for

each site for the period from I February 2008 to 31 March 2011. To understand the
implications of increasing the intensity of on-ground monitoring, a number of different "levels"
of WaterTrack Optimsier" modelling were undertaken. These levels ranged from the
simplest data collection option possible (Level I) to increasingly detailed and complex data
collection and parameter fitting (Level 4).

Ste 10 - ModelVerification usin 20,0120, , Data. Verify the performance and accuracy
of the water balance model by calibreting the model against the on-farm storage volume
using the first two years data and then by making no adjustment to the calibration
parameters, calculate the LSD volumes forthe remaining data collected from I Feb 2010 to
31 March 2011. This is referred to as Level 5 modelling.

Ste ,, - O tions for Sim lined Im Iementation. A simple spreadsheet was developed
as an option compared to the complex modelling above.

Most farms grew cotton although due to drought conditions and poor prices, cotton was not
grown every year. A large volume of data was collected as all parameters were monitored
continuously over the three-year period (, February 2008 to 31 March 2011). Table 2
provides a summary of selected data for five farms overthree years, In this table, the terms
are:

Cotton Research and Development Corporation

FPH (Floodplain Harvesting) Floodplain harvesting is the diversion of water flowing across
a floodplain. Floodplain harvesting applies to those flows that have originated from a
watercourse and breakout during a flood (this includes the capture of receding flood
waters). FPH is LSD.

LSD (Land Surface Diversion) Land Surface Diversion is the diversion of runoff into an on-
farm storage (OFS) or for direct irrigation thus preventing that runoff from naturally
entering a watercourse or infiltrating into the floodplain. LSD is to be measured (or
estimated) at the Point of Take and at the Point of Exit. LSD includes OFH, RRH,
FPH.

OFH (Overland Flow Harvesting) Overland flow harvesting is the diversion of rainfallrunoff
from land surfaces other than the farm's irrigation areas. OFH is LSD.
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OFS (On-farm Storage) An on-farm storage is any privately-owned storage where the
intended use is to store water.

OLF (Overland Flow) Overland Flow is water that has been unable to penetrate the soil
profile during or after a rainfall event, at which point the water begins to flow to areas
of lower elevations.

RRH (Rainfall Runoff Harvesting) Rainfallrunoff harvesting is the diversion of runoff from
areas of the farm that have been developed for irrigation. RRH is LSD.

Figure 7 shows the water flows into and out of a typical cotton farm in Australia and
partitions this between "green" water and "blue" water as defined in Section 3.1. This model
was used to measure whole-farm water balances on six Australian irrigation farms in the
Murray-Darling Basin (FSA/ATC 2011). The results of this study are presented in Section
44.1.

Cotton Research and Development Corporation
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4.41. WATER SYSTEM LOSSES INAUSTRALIAN COTTON PRODUCTION

In an LCA context, the issue is not the in-field water use efficiency of a crop butthe volume
of water extracted from the environment to produce that yield (and the impact of that
extraction). Figure 7 shows schematically the water balance of an irrigated cotton farm. The
sum of all blue-water extractions is the key issue, not the volume of water applied as
irrigation. Very few studies have been undertaken that measure a full, measured water
inventory of a cotton farm so that total extracted blue water can be determined. It is
necessary to determine aliosses on-farm including evaporation and seepage losses from
storages, channels and drains.

When reviewing the work done to date, Daiton at a1. (2001) noted that the only significant
study on broader industry and whole-farm irrigation performance was that undertaken by
Cameron & Hearn (1997). The reference forthis work is not given. They quantified industry
irrigation performance through a process of valley and individual farm data review (including
crop yield, water meter, water provider and soil moisture data). Efficiency of irrigation was
defined in two components: the engineering (volumetric) efficiency (or irrigation efficiency,
IE) and the agronomic efficiency (or crop water use efficiency, CWUE). On three individual
farms that were reviewed, IE averaged 75%. However, the overall mean for regional data
was 58% IE with individual regions in the range of 41% forthe MCIntyre Valley and Emerald
to 94% in the Gwydir Valley. The mean for individual farms in these regions was 63fo
ranging from 49 to 78% IE.

Dalton at a1. (2001) conducted a large study for CRDC on best management practices for
maximising whole-farm irrigation efficiency in the Australian cotton industry. Experimental
work was undertaken on seven farms in the Border Rivers over the 1998-2000 cotton
seasons. They determined whole-farm water balances as part of their study by measuring
the water use efficiency of various sub-components of system and then combining them to
create an overall whole-farm water use efficiency. The reporting is not clear but it appears
that the whole-farm water use efficiency data presented is forthe cotton-season period only,
notfor a complete 12 months. They note that"the proportion of the whole farm water which
was used by the crop in an individual irrigation event ranged from 21% to 65%'. Figure 8
shows the percentage breakdown of water use on their experimental sites forthe best and
worst case scenarios.

Cotton Research and Development Corporation

As it appears that this data only applies to the cotton season and not a full 12 month period,
it is likely that this data understates the actual water losses. Evaporation and seepage from
on-farm storages overthe winter period is apparently not included.
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TABLE 2-SUMMARYOFIRRIGATION FARM INFLOWSANDOUTFLOWS(FSNATC 20.1)

INFLOWS

Rainfall on OFS (a)

Off-farm OFH inflow at Point of Take (by

Off-farm FPH inflow at Point of Take (c)

Off farm non-LSD inflow

Rainfall on remainder offarm less RRH

Rainfall Runoff (RRH) (d)

Rainfall Runoff (mm/ha/year)

(1) TOTAL

OUTFLOWS

Evaporation from OFS (e)

Seepage from OFS (fj
Water loss from channel and drains (9)

Water loss from fields (soil seepage and
evaporation)
Crop transpiration

Water transferred off-farm (non-LSD)

Water loss from Point of Exit(h)

(2) TOTAL

(3) NET INFLOWS(,) - OUTFLOWS (2)
CHANGEINWATERSTOREDON. FARM

Change in OFS Volume

Change in OFS soil profile volume

Change in soil profile volume

(4) NETCHANGE IN ON-FARM VOLUME

NET CHANGE (3) - (4)

Percent Net Change
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Farm A

ML

843

13 249

o

o

4 475

I 400

18.6

19 966

B

ML

906

o

o

5 363

3 204

522

6.6

10 023

C2

ML

6 969

333

16 373

o

3 046

296

5. I

27 0.7

D

ML

558

43

o

7 014

13010

2 316

10.8

22 94,

964

172

81

Distribution System NetWater Loss
e + +

E

ML

3 512

Irrigation Volume

Irrigation Applied (Mudeveloped ha/year)

Irrigation as a % of Inflows (LSD + non-LSD)

I 280

o

13 026

19 034

932

I 273

266

I I I

I 731

682

o

3 207

10 442

I 230

75

17 292

-a

(5) Net RRH take (d)

(6) Net OFH take (b) - (h)
(7) Net FPH take (c)

TOTAL LSD Take (5) + (6) + (7)

Net Loss as a % of Inflows (LSD + non. LSD)

13 258

4 503

80

3 102

I 186

I 229

16

7 183

2 841

2617

993

369

1/19

2 759

o

4 077

27 294

(277)

927

30

(37)

921

12

O%

9 427

2 465

204

423

10 626

o

322

22 856

85

2 946

34

(101)

2 878

(38)

O%

9112
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(I 328)

(2)

(59)

I 322

(I 599)

6%

3 289

o

o

15 493

I 799

373

371

0.5

23%

744

14

(I )

121

139

(54)

O%

I 400

223

o

I 623

49%

I 622

20

28%

10 872

I 360

32

292

I 685

114

0.6%

522

o

o

522

24%

4 371

7.6

26%

I 923

296

333

16 373

17 002

74%

11 905

6.3

132%

I 361

2 037

o

o

2 037

26%

3 516

2.1

69%

I 230

682

o

I 9.2

45%

Page No. 28



I'SA co SUITiN

4.5. WATER USE EFFICIENCY IMPROVEMENTS IN AUSTRALIAN COTTON PRODUCTION

In 1995, the Murray-Darling Basin Ministerial Council published an audit of water use in the
Murray-Darling Basin (Murray-Darling Basin Commission I 995). This audit found that, since
the 1950s, there has been a continuing increase in the quantity of water diverted from the
rivers in the Basin. For example, from 1988 to 1994, water consumption across the Basin
had increased by 8% and was continuing to grow. The audit concluded that the high level of
water use in the Basin was a majorfactor in river health decline. In a normal year, flows at
the end of the Murray were only 20% of their natural level. In response to the audit of water
use across the Basin, Murray-Darling Basin Ministerial Council agreed on a cap on surface
water diversions from the Murray-Darling Basin to limit future increases in such diversions.
Since the introduction of the cap in 1995, there have been ongoing changes to water
availability and cost. This has led to continuous research into improving the water use
efficiency (WUE) of cotton production. Several programs in NSW and Queensland have
been implemented with significant improvements in WUE due to changes in irrigation
scheduling, irrigation application techniques and other management changes.

In order to achieve consistency in WUE measurement, the cotton industry has adopted
standard measurements of WUE. These are given in the WATERpak manual(Cotton
Catchment Communities CRC 2008) and are listed below.

Crop Water Use Index (CWUl): lint produced per min of evapotranspiration from a
field during the cotton season.
Gross Production Water Use Index (GPWUl): lint produced per ML of total water
used on a farm or a field.

Irrigation Water Use Index (IWUl): the lint produced per ML of net irrigation water
applied to a field or supplied to a farm.
Whole Farm Irrigation Efficiency ONFIE): the amount of irrigation water used by the
crop for evapotranspiration as a percentage of that applied to the crop.

The WUE of the Australian cotton industry has been assessed several times in the past
20 years and are summarised in Table 3.
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TABLE 3-SUMMARYOF KEYWUE INDICES FORAUSTRALIAN COTTON (, 988T0 2007)
(ROTH 20.0)

IWUlYield
bales/ha bales/ML

1.486.73

(097-
I .96)
1.32

(0.65-
I. 71)

Year

1988-95

Irrigation
MUha

5.37

1996-99

1998-00
2000-03
2006-07

696

ET
min

Avera e

7.5

7.51

735
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6.8

721
733

8.13

730

873
11.12

GPWUl
bales/ML

082

(062-
094)
0.79

(0.47-
0.93)

8.68

CWUl
k Imm/ha

305

1.16
I. 31

,. 32

093
1.13

(082-
I. 71

0.9,

WFIE
9'0

63

(49-78)

2.52

279

57

(20-85)

(28-68)
58

85

2.79 66
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In order to highlight Australian cotton's superior water use efficiency, water use for
international production was reviewed. The study by Ibragimov at a1. (2007) aimed to
measure cotton water use, and to quantify irrigation water use efficiency (IWUE) for
Uzbekistan. Ibragimov at al. reported on irrigation requirements (ML/ha), yield of cotton lint
(bales/ha) and irrigation water use efficiency (IWUE - bales per ML). This indicator is
equivalent to the IWUl described previously. The data presented by Ibragimov at al. was
modified to make it directly compareble with the Australian results in Table 3. Table 4 shows
the results for furrow-irrigated cotton in Uzbekistan from 2003-2005. It shows that irrigation
water use efficiency reported in this study is lower than in Australia. The cotton yield is also
lower than Australian production.

TABLE 4- IRRIGATION, SEED-LINTYIELD AND IRRIGATION WATER USE EFFICIENCY (IWUE)
IN UZBEKISTAN

Cotton Research and Development Corporation

Year

Howell at a1. (1987) looked at furrow and trickle irrigation for cotton cultivation in San Joaquin
Valley in California. Seed-lint yields ranged from 601 to 2145 kg/ha which is equivalent to
273-9.75 bales/ha. The authors state that the yields at the upper end of the scale were
unusually high for that area, with average yields at Sari Joaquin being approximately
5.45 bales/ha. These yields are lower than the yields reported for Australia from for allthe
time periods listed in Table 3. The average IWUl for this study was 0292 kg/in or
1.33 bales/ML. This is similar to the average IWUl reported for Australia (Table 3).

The study by Chapagain and Hoekstra (2004) reported on yield and water use in different
countries. This data was used by Payero and Harris (2008) to obtain an estimate for the
average IWUlforthe main cotton producing countries. This study found that Australia had
the third highest IWUl value after China and Israel.

The IWUl relates total production to the amount of irrigation water supplied only. Therefore,
it is highly dependent on rainfall - the higher the fraction of rainfall used by the crop, the
lower the irrigation water needed. Therefore, if data is compared from two seasons, the
results can be skewed negatively for one data set if the season had been very dry. This
would result in a higher proportion of irrigation water use. Therefore, care should be taken
when comparing IWUl's from different countries and time periods, as this indicator may not
be meaningful in some cases.

Zwart and Bastiaanssen (2004) describe crop water productivity (CWP) for four different
crops including cotton. CWP is found by dividing the marketable crop yield (kg/ha) by the
crop water consumption by evapotranspiration (in'/ha). It is directly coinparable to the Crop
Water Use Index (CWUl). Zwart and Bastaanssen (2004) reviewed 16 literature sources
from nine different countries in order to determine the CWUlfor cotton lint. CWUl was found

2003

2004

2005

Average

Irrigation
ML/ha

5.15

5.95

592

5.67

Yield
bales/ha

ssume one ae o co on as a mass o

506

5.22

5.82

5.37

IWUE
bales/ML

0.98

0.88

0.98

0.95
g
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to range between 0.62 bales/ML for Texas, USA to 4.67 bales/ML in Uzbekistan, with an
of 1.51 bales/ML. The value determined for Australia was 1.06bales/ML.average

However, the more recent study by Montgomery and Bray (2010) determined that the
average Australian CWUlis 1.41 bales/ML, which is similar to the average. It should be
noted that CWUl values are highly variable due to variations in net irrigation requirements,
yield potentials, crop management in differentlocations and growing seasons.

One of the most meaningful water use indicators for comparing water between countries and
across seasons, is the GPWUl. This indicator accounts for the total amount of water
(irrigation water, rainfall and soil stored moisture) used for total cotton production.
Tennakoon and Milroy (2003) reported on water use and irrigation efficiencies for the
Australian cotton industry. Data from 25 cotton farms was used from the six largest cotton
production areas in Australia. The GPWUl averaged 0.76 bales/ML of total water. The later
study by Montgomery and Bray (2010) determined that the average GPWUl for the
Australian cotton industry for the 2008/2009 season was 1.14bales/ML (range 0.64-
1.58 bales/ML). This study used data from 46 irrigated cotton farms during the 2008/09
season for a benchmarking study. This study determined that the Australian GPWUl had
improved by around 40% since the study by Tennakoon and Milroy (2003) was carried out.
Hence, not only have cotton yields improved steadily in Australia, but water use efficiency
has also improved per unit of production.

Payero and Harris (2008) collated information on the water use efficiency reported by
several international studies so as to compare the efficiency of Australian cotton production.
Table 5 shows the GPWUlreported by three international and two Australian studies. New
(2005) uses a dataset from farmer's fields in Texas, USA. The data was based on cotton
production between 1998 and 2005. The average yields are 5.0bales/ha which is
considerably lower than the Australian yields reported in Table 3. The average GPWUl
reported was 0.86 bales/ML which is again lower than that reported by Montgomery and
Bray (2010). Warijura at a1. (2002) examines water use in Texas cotton production from
1988 to 1999. As with New (2005), this study reports lower yields than Australian cotton.
However, the GPWUlis higher, as drip irrigation is used in this study as opposed to surface
irrigation in the Australian studies. Drip irrigation is more efficient as it minimises
evaporation and hence reduces total water use. Horst at a1. (2007) is based on research
plots in Uzbekistan. The GPWUlis significantly higher than that reported by the Australian
studies. The Australian studies were based on commercial farms. The results may be lower
because of the inherent reduction in control of system conditions as compared to research
trials.
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TABLE 5-COMPARISON OFINTERNATIONALANDAUSTRALIAN GPWUl(PAYEROAND
HARRIS (2008))

GPWUl balesIML

0.76

086

I. ,4

1.16

1.90
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Location

Australia

Texas, USA
Australia

Texas, USA
Uzbekistan

Tennakoon and Milroy (2003)

New (2005)

Montgomery and Bray (2009)

Wantura at a1. (2002)
Horst at a1. (2007)

Reference
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Australian irrigation water use efficiency is relatively high in a global context, with just China
and Israel having higher indices. The most recent study on the Australian GPWUlfound that
it is similar or higher to cotton production in Texas, USA, but significantly lower than
Uzbekistan production. However, in general Australian water use efficiency is better than
the global average, with relatively high efficiency indicators resulting in higher production
from the same water resources, which is of direct benefit to water users,
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5. WATER INVENTORYAND IMPACTASSESSMENT METHODOLOGIES IN LCA

Inventory methods in LCA are closely linked to impact assessment. The key limitation to
conducting a water balance or water footprint (both essentially inventory methods) is that
neither give a clear indication of what impact will be caused by the water use activity.
Inventory development in LCA has therefore focussed on refining the definitions of water use
and determining what additional information is required to assess the impact of water use.
The definition is to distinguish between freshwater and saline water. Because global
freshwater reserves are limited and subject to pressure, this is the focus of allinvestigations.

Water in LCA can be classified using the standard classification for abiotic resources, based
on the regeneration potential. The three main types of freshwater resources thus classified
include deposits, funds and flows (Koehler 2008).

Freshwater deposits represent:

. Non-replenishing groundwater stocks (which are finite resources) and are only very
slightly replenished during the lifetime of a human

Funds, which may be characterised as sub-artesian groundwater supplies, lakes or
darns (exhaustible resources), which are naturally replenished as long as they are
riot irreversibly impaired

Flows, which refer to streams and rivers (nori-exhaustible in principle).

INVENTORY METHODS

Cotton Research and Development Corporation

In addition to describing the source type, the term 'use' requires clarification. Owens (2002)
provided a number of different classifications to differentiate between consumptive and non-
consumptive uses, and between uses that resultin depletion. These are:

Water use - water is used off-stream and is then released to the original river basin
(downstream users are not deprived of any water volume)

Off-stream water use where waterWater consumption or consumptive use
release or return does not occur (i. e. evaporation from a storage, transpiration from
crop production)

Water depletion - Withdrawal from a water source that is not replenished or
recharged (i. e. a water deposit).

Building on these definitions, Owens presents five water use and water depletion indicators:

In-stream water use indicator (i. e. the quantity of water used for hydro-electric power
generation)

In-stream water consumption indicator (i. e. evaporative losses from storages and
canals in excess of unrestricted river losses)
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Off-stream water use indicator (i. e. surface withdrawals from sustainable sources that
are returned to the original basins and groundwater withdrawn from sustainably
recharged aquifers and returned to surface waters)
Off-stream water consumption indicator (i. e. evaporative losses and other
conveyance losses, and transfers to another river basin)
Off-stream water depletion indicator (i. e. withdrawals from overdrawn, unreplenished
groundwater sources.

For agriculture, most extracted water represents a consumptive use, as it will be either
evaporated, transpired, lost in conveyance or incorporated into a product and removed from
the catchment. Water depletion may also be relevant for agricultural systems that withdraw
water from the Great Artesian Basin (GAB), which may be classified as an unreplenished
source. Owens represents one of the founding methodologies presented in the field of LCA.

Owens (2002) also presents a range of potential indicators for water quality, but does not
detailimpact categories for human health or ecosystems.

Bayart at a1. (2010) provided a detailed framework for assessing water use in LCA at the
inventory and impact assessment level. Their study proposed two categories of fresh water

Cotton Research andDevelopmentCorporation

use:

I. Freshwater degradative use (water that is returned to the same catchment from
which it was used, but with altered water quality)

2. Freshwater consumptive use (water that is not returned to the same catchment
because it is evaporated, integrated into a product or discharged into a different
catchment orthe sea).

The authors consider both categories to be relevant for in-stream and off-stream uses. In-
stream consumptive uses include evaporation losses from government managed water
supplies, which will be relevant to an industry such as cotton.

Bayart et a1. (2010) also differentiate between "competition for fresh water use" and
"freshwater depletion"in the following way. Competition for fresh water use refers to the
situation where availability is temporarily reduced for current uses. Depletion refers to the
situation where the amount of freshwater in a watershed and/or fossil groundwater is
reduced. Depletion is said to occur when the rate of consumptive use exceeds the
renewability rate over an extended period of time.

In order to differentiate water use using the above categories, Bayart at a1. (2010)
recommend that a water balance is used to populate the inventory. The balance should also
distinguish resource type (i. e. groundwater, surface water) and water quality. Mila I Canals
at a1. (2009) likewise advocates determining consumptive water uses and water returns to
ecosystems using a water balance.

Water quality is an important consideration in agricultural systems, particularly for discharge
water. Bayart at a1. (2010) did not investigate water quality in depth, but did note that two
approaches could be used; i) quality could be assessed using a 'distance-to-target'
approach, or ii) a functionality approach could be taken.
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The distance-to-target approach would investigate the equivalent effort necessary to process
a water output to the same quality as the water input. This could take into account additional
water required to dilute nutrient levels to acceptable (i. e. river health) levels prior to release.
Alternatively, it could take into accountthe energy required to purify a resource to the same
quality. The 'functionality' approach is a means by which quality categories are established
and water use is defined in terms of the water category for inputs and outputs.

These recommendations are comprehensive and logical, and provide a robustframework for
developing water use inventories. However, there are no examples yet provided for
Australian agricultural products that use these classifications.

An additional component of the inventory is the relationship between land use and water
availability. When assessing the impact of an agricultural system, it is important to identify
whether the system alters the flow of runoff to the environment as this is a component of
water use. Mila i Canals at a1. (2009) proposes a method whereby the difference in
evapotranspiration between the system investigated and a reference system (i. e. natural
vegetation) is used to determine the effect of the system on the water balance. Where a
system evapo-transpires more water than the reference system, this results in additional
water use that is atIributable to the product grown on that land. Likewise, if a production
system utilised less water than the reference system (as is often the case in Australia) a
negative flow (or credit) may be applied.

Cotton Research and Development Corporation

Consumptive freshwater use -This is water use wherewaterrelease orreturn does
riot occur as it is either evaporated, transpired, lost in conveyance or incorporated
into a product.

Nori-consumptive freshwater use - This is water that is withdrawn and used off-
stream but is then released to the original catchment area. However, it may have
altered water quality after release.

The greatest contribution from the field of LCA to discussions on water use is the inclusion of
an impact assessment in addition to reporting volumetric water use. Put simply, the 'the
more you use, the worse you are' principle is not universally applicable comparison of water
use between different catchments. It is the impact of that water use in the catchment that
really matters.

There is a considerable amount of methodology development underway to develop
characterisation factors suitable for assessing the impact of water use, and two methods are
operational for making such an assessment. Bayart at a1. (2010) identify three elements that
need to be considered in the impact assessment:

the sufficiency offreshwaterresources for contemporary human users
the sufficiency of freshwater resources for existing ecosystems
sustainable freshwater resource base for future generations and the future use of
present day generations.

5.12. IMPACTASSESSMENTMETHODS
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Based on this, these authors recommend inid-point indicators for each category, measured
in terms of 'cubic meters of freshwater equivalent'. Equivalence factors were not provided
butthe authors recommend that these should be based on indicators such as resource type
orfreshwater quality. The three inid-point indicators are:

. 'Cubic meters offreshwater equivalent unavailable for downstream users

. 'Cubic meters offreshwater equivalent unavailable for ecosystems'

. 'Cubic meters offreshwater equivalent depleted .

Regarding discharge water, Bayart at a1. (2010) suggest that characterisation factors or
functionality indicators be applied. In contrast, Mila i Canals at a1. (2009) suggest omitting
discharge water from the impact assessment.

Bayart at a1. (2010) adopt the general approach of applying some form of 'stress weighting'
to the water use assessment, as recommended by both Mila i Canals et a1. (2009) and
Pfister et a1. (2009). This means the impact assessment is based on 'water equivalents'
rather than volumetric water use. The method proposed by Pfister at a1. (2009) has been
applied in Australia to beef production by Ridoutt at a1. (2011) and to pork production by
Wiedemann at a1. (2012). Pfister at a1. (2009) focussed on blue water only. They provided a
regionalised water stress measure proposing a new inid-point category water deprivation'.
Water deprivation is a measure of the water use (abstracted and evaporative water use, or
'water consumption') related to the degree of water stress within a catchment. The water
stress index (WSl) is a measure of the balance of freshwater withdrawals to hydrological
availability. Moderate and severe water stress occurs above a threshold of 20 and 40fo
respectively. Pfister et a1. (2009) provide a global, regionalIy specified database of WSl
values, making application of the method relatively easy. Pfister at a1. (2009) also provided
a case study of the method based on global cotton production.

Mila I Canals at a1. (2009) provide an alternative impact method that also uses a stress
weighting approach, but differs from Pfister at a1. (2009) in the characterisation factors used.
Mila I Canals et a1. (2009) identify four impact pathways:

I. Direct water use leading to changes in freshwater availability for humans, leading to
changes in human health

2. Direct water use leading to changes in freshwater availability for ecosystems, leading
to effects on ecosystem quality (freshwater ecosystem impact, FEl)

3. Direct groundwater use causing reduced long-term freshwater availability (freshwater
depletion, FD)

4. Land use changes leading to changes in the water cycle (infiltration and runoff)
leading to changes in freshwater availability for ecosystems, leading to effects on
ecosystem quality (FEl).

Cotton Research andDevelopmentCorporation

Interesting Iy, Mila I Canals at a1. (2009) include both green and blue water at the inventory
level, but do not consider green water as part of the impact assessment. A useful
methodological addition provided by these authors is the inclusion of changes to water
availability as a result of changed land use. A second paper Mila i Canals at a1. (2010)
provides a case study example of the method applied to broccoli production in Spain and the
United Kingdom.
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5.2. INTERACTIONS BETWEEN WATER USE AND OTHER ENVIRONMENTALIMPACTS

No resource orOne strength of LCA is its multi-impact assessment approach.
environmental issue exists in isolation. Water use relates to many issues including energy
use, eutrophication (nutrient release to waterways), land use and even greenhouse gas.
This is particularly true when investigating the impacts of changing a system, because
investigating multiple impacts will help to understand and avoid 'burden shifting' between
impacts.

An example of burden shifting can be readily shown between water and energy/GHG.
Global fresh water reserves are essentially unlimited, provided adequate energy is available
to treat saline water sources. If an investigation into water stress mitigation strategies was
undertaken, this interaction and trade-off between energy and fresh water resources would
be critical in gaining a c ear understanding of the issue. The focus on a single impact area
has clear limitations both because of the risk of burden shifting, and because of the extend
of what is classified as 'water use'.

Cotton Research and Development Corporation

For example, where the WF methodology indudes 'grey' water, LCA considers the same
impact (release of contaminants to waterways) with specific impact areas that deal with
those groups of chemicals, rather than considering it through a 'water only' framework.
Water footprinting uses the term 'grey water' to define the water required to assimilate these
materials. This is very difficult to define however, and much more difficult to measure.
Several problems exist with this approach; firstly, the source and solution to the problem
relate to chemical and fertiliser management, not water management per se. Secondly, the
definition and quantification of 'grey water'is highly dependent on the release point for the
water, and specifically, what that water is intended to be used for. For example, if nitrate
Ieaches into saline groundwater, should an amount of this saline groundwater be considered
'grey water' and attributed to the production system that released the nitrate? LCA methods
address this issue in two ways; firstly by characterising the suitability of 'nori-consumptive'
water uses I releases, and secondly, by directly accounting forthe release of contaminants
using dedicated impact assessment areas (eutrophication, toxicity etc). This aims to provide
direct information regarding the issue of concern rather than considering it as a 'water use'.
The realimpact of nitrates and phosphate relate to ecosystem health and possibly human
health (in some specific instances). It seems most logical to address these issues directly
rather than indirectly via water use.

Similarly, most LCA practitioners suggest that the green water concept should be
incorporated in an assessment of land use, as these are riot separable. Where interactions
occur(such as the change in 'blue' water runoff because of land use changes)these can be
incorporated into LCA both with respect to land use and water use, explaining the dynamic
trade-offs and impacts on both areas. Indeed, changing land use can dramatically increase
run-off (increasing blue water), though other trade-offs with land condition are likely.

A third interaction exists between water 'use' and biodiversity. Clearly, the maintenance of
open water storages on cotton farms provide some ecosystem services, most notably to
water birds. This has not been investigated in detail to the author's knowledge, but it is an
area of importance forthe cotton industry. It may be possible for a proportion of the 'water
use'in the cotton industry to be explained with reference to positive biodiversity outcomes if
suitable indicators could be identified. Currently there are few case studies and limited
knowledge in this area, butthere is certainly scope for methodological advancements to be
made here.

Review of Water use in the Production of Cotton and other Fibres usingLCA
7799 - Cottonwateruse assessment review - Final, 16th November 2012 Page No. 37



I'SA co SUITING

5.3. LCAWATERUSE STUDIESOFCOTTON ANDOTHER FIBRE PRODUCTS

Cotton is the most commonly produced natural fibre in the world and represents about 46fo
of the world texiile market. By comparison, wool accounts for 3% and other natural fibres
such as silk, hemp and mohair make up a small proportion of textiles (<I% each). Synthetic
or man-made fibres make up 51% of the global texiile market and this proportion is
increasing (Roth 2010). Studies of cotton, polyester and wool were reviewed. Both cradle-
to-grave and cradle-to-consumer studies were included. Cradle-to-grave studies include
every stage of the supply chain from the production of the raw material through to disposal
or recycling. Cradle-to-consumer studies encompass the production of the raw material
through to the final garment assembly.

The studies used different methods of determining water use and had different functional
units and system boundaries. Consequently, comparisons were difficult to make.

Cotton Research and Development Corporation

We reviewed each study with respect to several key elements (as identified in Section 5.11):
method and transparency used in developing the inventory of water use, identification of the
source and geographical location of water used. Water use indicators (such as use of
consumptive and nori-consumptive water) were reviewed, as were the impact assessment
methods applied Of any). In this section we use the term "water use" as the generic term for
the total water use of a system - this term encompasses both consumptive and non-
consumptive water use. In addition to this, some reference material reported the water use
of just the cotton production stage (i. e. cradle-to-farm-gate). A total of five studies were
found that carried out LCAs for water use in cotton and these are discussed in the following
sections.

53.1. WATER IN COTTON LCA STUDIES

Pfister at a1. (2009) developed a method for determining the environmental impacts of
freshwater consumption. A case study on consumptive water use of global cotton
production was carried out in order to demonstrate the relative impact of consumptive water
use. This study demonstrated the importance of using regionalised characterisation factors
when investigating consumptive water use as the impacts vary greatly with geographic
location. Pfister at a1. (2009) used estimates of blue water use for crop production available
from global inventories. These are readily available, albeit limited in their accuracy. Using
these consumptive water use data, water deprivation was measured using the water stress
index forthe catchment in which production occurs. This provides an indication of the effect
that production of a given product is having on actual water stress, rather than simply
determining the consumptive water use.

Pfister et a1. (2009) reported that consumptive water use for cotton in Australia (3.92 in Ikg)
was lower than water use for cotton production in Mali(4.07 in'/kg). However, they showed
that water deprivation in Australia (1.42 in'/kg) was higher than Mali (0.99 in'/kg). This
shows the ability of the method to provide information on catchment-specific impacts as
opposed to simply estimating total volumes of water used. As such, this is a major
advancement in freshwater impact categories.

Two studies carried out a full cradle-to-grave life cycle assessment for cotton products;
Cartwright at a1. (2011) and Levi Straus & Co. (2009). The LCA by Levi Straus & Co. (2009)
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used a functional unit of "one pair of Levi 501 jeans" which included a two-year use phase
with 104 washes (once per week fortho years). The consumptive water use data overthe
whole life cycle was collected from Levi Strauss & Co. suppliers and background data were
supplied from LCA inventories. It is important to note that the cotton used forthese jeans
can come from a variety of different countries, resulting in a high degree of vanability within
the water consumption dataset.

This study found that the cotton production on farm accounted for 49% (equal to 1704 Ukg
of jeans) of the total consumptive water use impacts for the full product life cycle. The total
water consumption forthe fulllife cycle of a pair of Levi 501jeans was found to be 3481 L.

Cartwright et a1. (2011) carried out a cradle-to-grave LCA for a shirt made of 65% polyester
and 35% cotton with a mass of 227 g i. e. 79 g of cotton. During the use stage of the life
cycle, it was assumed that there were 52 washings forthe two-year lifespan of the product.
The life cycle included disposal in landfill after the use phase. This study used a
methodology that splits total water use into consumptive and non-consumptive fractions.
The authors defined consumptive water use as water that is permanently removed from a
system through the processes of transpiration or evaporation or integration into a product.

Similar to the findings of Levi Straus & Co. (2009), the on-farm cotton production phase used
the majority of the consumptive water (54%). This is mainly due to water evapotraspiration
during cotton production. The cotton production process consumed 210 L of water per shirt
and non-consumptiveIy used 90 L. This study determined that the shirt's use phase
contributed to 72% of water use (consumptive and non-consumptive). The total water use
for the shirt supply chain was 2729 L, of which, 17% (453 L) was consumptive and 83%
(2276 L) was non-consumptive.

Cotton Research and Development Corporation

Kalliala & Nousiainen (1999) carried out a life cycle assessment to determine the
environmental impact of producing a 100% cotton sheet for hoteltextile services in Finland.
This work focused on all of the life cycle stages up to and including the production of the
cotton fabric. Literature sources were used to determine water use during cotton production.
The water use of textile (fabric) production was based on meter readings and measurements
from one Finnish textile manufacturing company converted to average values forthe year
1996. The total water use forthe fulllife cycle of the 100% cotton sheet (mass assumed to
be I kg in the study) was found to be 26 100 L with approximately 85% (22 000 L) of this
due to cotton production.

Cherrett at a1. (2005) compared the water use for the production of five fibre types:
polyester, conventional cotton, organic cotton, conventional hemp and organic hemp. With
regards to conventional cotton, globalIy, it typically uses between 7000 and 29 000 L of
water (averaging about 10 000 L) to grow one kilogram of cotton. This study also reports
that between 30 and 200 L of water are needed to process one kilogram of woven or knitted
dyed cotton fabric. This assessment provided a case study for cotton fabric imported into
the UK and determined that 9758 L/kg cotton was used

Table 6 presents the water use forthe five life cycle assessment studies focussed on in this
review. Each of the functional units were changed to I kg of texiile i. e. shirt orjean, to allow
for ease of comparebility between the studies. It should be noted that the results provided
by Cartwright at a1. (2011) are not coinparable with the other studies, as the functional unit
used is so different.

Review of Water useinthe Production of Cotton and other Fibres usingLCA
7799 - Cottonwateruse assessment review - Final, 16th November 2012 Page No. 39



I'SA co SUITING

TABLE 6-COTTON ANDCOTTON-MIXPRODUCTWATERUSE-LCASTUDIES
ReferenceResearchMeasured Unitand WaterWater use Consumptive or

locationmeasurementnon consumptive(L) scope
methodolowater use

3480.5 Only consumptive use
reported

26 100
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Both consumptive and
non-consumptive
water uses- however
riot differentiated in

study

9758

I kg Ievi 501 Jean

Cradle to grave -
fulllife cycle

Both consumptive and
non-consumptive
water uses- however
riot differentiated in
stud

3920

I kg 100% cotton
sheet

Cradle to factory
gate

Inventory output

Only consumptive use
reported

'20/8

(total)

I kg cotton textile

Cradle to factory
gate

Both consumptive and
non-consumptive
water uses

Inventory output

Bayart at a1. (2010) included an assessment of water use for cotton production in their study
which focussed mainly on LCA methodology issues. The assessment included a case study
of water use for cotton grown in Pakistan. This country produces 8.5% of the world s cotton
and requires 25 000 L/kg cotton in irrigation water, though riot all of this is represents
consumptive use. 15 000 L/kg was determined to be degradative water use that is reduced
in water quality. Bayart at a1. (2010) highlighted that the water 'use' would be different
depending on how the degradative portion of water use was classified. They advocate
classing the water used and the water released by functionality. In this way, cotton could be
said to use 25 000 L of water classed as 'functional for agriculture, domestic, and industrial'
uses, and release 15000 L water 'functional for agriculture, industrial, transport, and
hydropower' (non-consumptive use). Net consumptive water use would be 10,000 L I kg
cotton.

10 026 L (nori-
consumptive)

1992 L consumptive)

I kg cotton textile

Cradle to factory
gate

USA

Inventory output

Levi Straus

&Co

(2009)

, kg Shirt(65%
polyester & 35%
cotton)

Finland

LCA - provides
water stress

impacts

Cradle to grave -
fulllife cycle

Kalliala &
Nousiainen

(1999)

UK

Table 7 shows the water use (L) for the production of I kg of raw cotton fibres. It was
decided to report this as water consumption for raw cotton fibre production is important for
LCA research. In addition to this, most of the literature did not use the same functional unit
or system boundaries and so comparisons were more meaningful at this level.

Study based
In

Switzerland
but data

specific to
Australia

Inventory output '

Cherret at

a1. (2005)
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Water Use (L)
22 000

TABLE7-TOTALWATERUSEFORCOTTON PRODUCTION (ON-FARM)
WaterMeasured

Consumptive or nori Unit and measurement
consumptive water use methodologScope

Inventory outputBoth consumptive and non- I kg raw
consumptive water uses - cottonfibres
however not differentiated

in study

Both consumptive and non- I kg raw
consumptive water uses cottonfibres
included. These were

reported separately as

(nori-L15 000

consumptive) and 10 000 L
(consumptive)/ kg product

396 L (non- consumptive).
925 L (consumptive)

Only consumptive
reported

Both consumptive and non- I kg raw
consumptive water uses - cottonfibres
however not differentiated
in stud

25 000
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1322

1704

10 000

(Range:
7000-29 000 L)

The large water use reported by Kalliala & Nousiainen (1999) reflects the fact that both
consumptive and non-consumptive water use may be encompassed in this volume. This
total water use is similar to the use reported by Bayart at a1. (2010) and the upper end of the
water use range reported by. Cherret at a1(2005). These results are much larger than those
reported by Levi Straus & Co. (2009). This may be due to the factthat only consumptive
water use is reported by Levi Straus & Co.

The only studies which classified water in a standardised manner were Cartwright at al.
(2011), Pfister et a1. (2009) and Bayart at a1. (2010). Pfister at a1. (2009) included an impact
assessment method to interpretthe consumptive water use data reported for cotton in two
regions, and was the only study to apply a impact assessment method.

Inventory output

Research
location

Finland

I kg raw
cotton fibres

use I kg raw
cotton fibres

Reference

Kalliala &

Nousiainen

(1999)

Pakistan

Inventory output

53.2. LCAWATER USE STUDIES FOR POLYESTER

Polyester is a polymer with the specific scientific name polyethylene terephthalate (PET).
There are many processes involved in the production of polyester. These include the
production of a resin from long chain hydrocarbons such as petroleum. To produce the
fibres, the resin is heated and pushed through tiny holes under pressure in a spinneret.
Figure 9 shows a flow chart for polyester production.

Inventory output

Bayart at al.
(2010)

Inventory output

Western

us

USA

Cartwright at
a1. (201 I)

Global

Levi Straus &

Co. (2009)

Cherret at al.

(2005)
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Only three LCA studies were found that considered water use. The LCA study by Kalliala &
Nousiainen (1999) covered all of the life cycle stages up to and including polyester fibre
production. The functional unit was I kg of polyester fibre and the data used forthe study
was based on literature references. The water use of textile (fabric) production was based
on meter readings and measurements from one Finnish textile manufacturing company
converted to average values for the year 1996. The study found that polyester has much
lower water use (, 7.2 Ukg polyester fibre)than cotton fibre production.
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Vink at a1. (2003) used LCA to quantify the amount of water used in the production of
polyester (PET AM - polyethylene terepthalate, amorphous (fibers and film grade) in their
study). This study used data derived from the Association of Plastics Manufacturers of
Europe (APME)that is based on ten years of published eco-profiles for polymers.
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This study distinguished between cooling, process and irrigation water. The functional unit
was I kg of PET AM fibres and the scope covers allthe processes up to and including fibre
production. This study found that the process of producing these fibres uses 25 L water/kg.
This is similar to the results from Kalliala & Nousiainen (1999). The majority of the water use
was associated with cooling (which is non-consumptive), while the remainder is process
water. There was no impact assessment carried outforthis study.

Cherrett at a1. (2005) compared the water requirements for the production of five fibres
types: polyester, conventional cotton, organic cotton, conventional hemp and organic hemp.
The study assumed water use for polyester was minimal and didn't report a value.

The LCA report by Airdye Solutions (2009) studied the water consumption to produce I kg of
coloured polyester at three different fabric weights (3.5 0z/in', 7.75 0z/in , and 12 0z/in ).
This cradle-to-consumer study investigates allthe stages of production from the manufacture
of raw materials up to the final dyeing process. The total consumptive water requirement per
kg of fabric was 300L. This is considerably more than that reported by Kalliala &
Nousiainen (1999) and Vink at a1. (2003). This can be explained by the factthat this study
took into accountthe dyeing process which consumes a significant amount of water, while
the other two did not. As was the case with the studies by Kalliala & Nousiainen (1999) and
Vink at a1. (2003), there is no water use impact assessment carried out forthis study. Table
8 shows a summary of the polyester water use studies used in this report.
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775 0z/in , and 12
OZ/in2,
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Only one wool production study was identified that included water use, by Brent & Hietkamp
(2003). The remaining studies focussed on GHG emissions and/or energy use only. Brent
& Hietkamp (2003) determined the water use for I kg of dyed two-fold wool yarn produced in
South Africa. The data used was collected from South African literature and international

publications. This cradle-to-grave study investigated all of the impacts of wool production
excluding consumer use and disposal.

In general, the main contributions to water use for wool are the on-farm phase and the use
phase. In addition to this, the mills used to produce the woollen fabric may have a high
water use. On the farm, the main water inputs are drinking water and the production of
nitrogenous fertilisers. Quantitying water use for wool production is difficult due to the lack of
reliable data for the on-farm phase and drinking data for sheep. In addition to this,
production is typically reliant on creek or farm darn water storages and water use is seldom
quantified.

The drinking water at the farm, wastewater from the scouring and shrink-resist processes
and the wastewater effluent from the dyeing process were allincluded within the boundaries
of the system. The study found that the total extracted water use per functional unit is
519.4 L. Approximately 15% of this total was attributed to the wool processing, while the
remainder is attributed to wool production (on-farm). There was no water use impact
assessment method applied.

5.33. WATER USE IN WOOL PRODUCTION

Inventory output

Finland

Reference

The Netherlands

and the U. S.

Inventory output
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Data based on
information from

ten European
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6. COMPARISON OFWATERASSESSMENT METHODOLOGIES

Traditionally, water has been considered by applying water inventory definitions and
principles. However, the introduction of the virtual water and water footprint concepts
represents a new paradigm in considering water use, which has shifted the focus in several
ways. Firstly, water footprinting is generally done at a broad scale rather than locally.
Secondly, it is focussed on a product (i. e. a kilogram of cotton), not a system (i. e. a cotton
farm or farming region). Thirdly, it includes not only irrigation water (blue water) but also
rainfall(green watery, which traditionally has not been included in discussions of water use.
The introduction of water footprinting, while useful in a narrow context, can also be
misleading. In particular, the connection between water footprint and water scarcity and
environmental impactis weak. Therefore, water footprint results cannot be used to comment
on these issues.

Cotton ResearchandDevelopmentCorporation

Water inventory methods are very useful in the context of irrigation system design and
efficiency. However, this approach can only be used at one stage in the supply chain at a
time (i. e. one water balance forthe farm, another forthe cotton gin etc) and are not generally
intended for tracking the impacts of a product throughout the supply chain. Water
inventories can provide very detailed inventory data but do not provide insight into the
consequences of using water(the impact) on either the environment or on humans beyond a
simple assessment of 'total volume of water used'.

On review and comparison of these methods, the authors felt LCA to be the most robust and
useful method for conducting supply chain water use assessments in the Australian cotton
industry. The reasons forthis were:

vi) State-of-the-art LCA research specifies the use of a detailed water balance to identify
flows of water at each stage in the supply chain. This is a robust approach for
quantitying water use in cotton production. Data are readily available and results can
be communicated easily with the industry and the consumer.

vii) LCA has a robust methodology and framework for handling water 'uses' such as
green water and grey water. This may be done excluding these from the impact
assessment and including additional impact assessment methods that deal directly
with the issue of concern (such as contaminant release). This results in a more
readily understandable and meaningful result.

viii)Taking point it) into account, LCA is able to include green and grey water use at the
inventory level in order to provide a compareble result with a WF method if this is
desired.

Ix) Impact assessment methods are available in LCA that can quantify not only the total
water used, but also the impact of using this water on either the environment or on
other competitive users, This is an important advance on the water footprint method.

x) LCA is able to incorporate additional impact assessment areas such as energy use
and GHG emissions to provide a broader assessment.

Table 9 provides a comparison of the three broad approaches to water assessment and the
strengths and weaknesses of each approach.
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7. RELEVANCE OFSUPPLYCHAINWATERASSESSMENTS

Water scarcity is a growing issue worldwide, and is the subject of a growing body of
research. With a growing human population, it follows that stress on water reserves will
increase dramatically in the next 30-40 years (Rockstr6m at a1. 2007). It is estimated that by
2050, as much as 59% of the world's population may face shortages of blue water and 36%
will face shortages of blue and green water combined (Rockstr6m at a1. 2009). As in other
parts of the world, the vast majority of water resources in Australia are used for agriculture
(for 65-70% of water use nation-wide, ABS 2006). While Australia does have adequate
water resources nation-wide, demand is very high in some regions and not others, Water
allocation and use is a topic of political and social discussion and is therefore an issue that
will need to be addressed both at the industry level and possibly at the product level for
cotton products.

Water use is an important issue forthe cotton industry at the farm level. However, less
attention has been given to water use throughoutthe supply chain forthe product. Supply
chain water use research has rapidly developed in the past five years and a number of
methods have been used to quantify water use for Australian livestock and plant products,
Studies have been commissioned by all major livestock species (beef, lamb, pork, chicken
meat, eggs, dairy) and some research has been done for cereal grain production. The
drivers forthis research have been two-fold;

Cotton Research and Development Corporation

. To assist the industries in understanding the true impact of their water use on the
environment and other competitive users throughout the whole production supply
chain.

. To provide credible data that provides an alternative view to the published water
footprint/ virtual water results that have been quoted widely in the media.

Similar drivers are expected to exist for the cotton industry either now or in the near future.
The industry is in a position to benefit from the preceding research and methodology
development done in Australia and internationally.

In addition to industry led research, a number of interest groups and international
government led initiatives have commissioned supply chain water research. Much of this
work has used some form of water footprinting or virtual water, with different degrees of
rigour and transparency. Some of the drivers for this research include; informing national
policy regarding the management of scarce water resources, environmental concerns
related to water scarcity, food security concerns related to water scarcity, human health and
welfare concerns related to water scarcity.

Internationally, the following groups have been active in commissioning supply chain water
assessments:

The United Nations Educational, Scientific and Cultural Organisation (UNESCO-IHE)

Waterwise (A United Kingdom not-for-profit organisation specifically chartered with
the goal of reducing water consumption, including from supply chain sources).

The International Water Management Institute - a branch of the Consultative Group
on International Agricultural Research (CGIAR).
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The Food and Agriculture Organisation (FAO)

The World Wildlife Fund (VVWF).

Research funding from the UNESCO-IHE has been instrumental in developing the water
footprint concept, which has largely focussed on identifying concerns around water scarcity
and global food I fibre trade. To date, the water footprint of most globalIy significant trade
products (including cotton) have been quantified, as have the 'water footprints' of most of the
world's major economies.

At the company I brand level, a number of cotton product companies have conducted supply
chain water analyses. The most notable of these is Levi Straus & Co. The aim of these
studies was to determine the water use of their product and find where the largest
consumptive uses lay, in order to become more water use efficient. For example, Levi
Straus & Co used their study to show that ifjeans are washed every two weeks as opposed
to every week, consumers can decrease their water consumption by 23%, while reducing
washings to once a month reduces water consumption by 35%.

Several other multi-national companies have engaged in water assessment research. For
example, Coca-Cola conducted water footprint assessments for a 05 L bottle of Coca-Cola
(in a PET bottle). The company has the aim of becoming a water-sustainable business on a
global scale (The Nature Conservancy 2010). Similar to Levi Strauss & Co, the aim of this
study was to determine the water use of its operations, in order to assess the water risks
facing the business. This resulted in the development of water protection plans which have
to put into action at all plants by 2013.

Warsen at a1. (2011) conducted a study to determine the freshwater use of three
Volkswagen models (Polo, Golf and Passat) throughoutthe product lifecycle. The aim of
this study was to determine and compare the water use of the three products and find where
the largest consumptive uses lay, in order to become more water use efficient.

The presence of groups such as the Water Footprint Network ensure that issues related to
water scarcity and water trade with products will continue to be on the agenda for industries
and companies alike.

Cotton ResearchandDevelopmentCorporation
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8. CONCLUSIONS

Water use is an important economic, social and environmental issue for Australia in general
and the cotton industry in particular. The Australian cotton industry is among the world
leaders in yield and fibre quality, and yields have increased steadily over the past 20 years,
In recent years, the industry has proactiveIy improved the management of its water
resources. It has invested substantial resources in research and extension programs
expected to improve the cotton produced per unit of water input. However, less attention
has been placed on supply chain water assessment, or investigating the water use for a
cotton product.

This review found the term 'water use' to be ambiguous and highly dependent on definitions.
Traditionally, water use in agriculture has meant the volume of water extracted for use
(broadly consistent with terms used in water engineering and by the ABS). However, since
the introduction of the concepts of virtual water and water footprinting beginning in the late
1990's, there has been a shift in the focus of the discussion. Water footprinting includes
irrigation (blue water), stored moisture from rainfall (green water) and water used to
assimilate contaminants released by a production system (grey water). Consequently, the
whole nature of the discussion is changed. Life cycle assessment has also been used to
provide supply chain water analyses, and recent methodological advances have provided a
useful, robustframework for assessing water use and the impact of water use throughout a
supply chain.

The comparison of water methods presented in this report highlighted the strength of the
LCA approach for assessing water use in cotton. LCA is well suited to drawing information
from water use inventories determined using site specific water balances and can extend the
interpretation of water use beyond a simple assessment of the total volume used, to the
impacts of this use. Most advances in LCA water methodology have been made in the last
three years, Hence, few of the studies reviewed used the state-of-the-art methods.
However, other Australian industries such as beef cattle and pork have conducted detailed
water assessments with LCA, including the use of the impact assessment method 'stress
weighted water use'. This method is useful for defining the impact of water use on
competitive users and the environment. LCA is an approach that can provide both insights to
the industry and information to inform retailers, consumers and the general public as
required. The advances in LCA methodology and the availability of detailed water inventory
data for the cotton industry mean that an Australian LCA focussed on water use is
achievable and timely. LCA research may focus on a single issue such as water use,
however one of it's main strengths lies in multi-impact assessment. Water footprinting
includes several other factors such as the issue of contaminant release in their approach to
water use. The authors consider this to be less useful than a direct investigation of
eutrophication of toxicity. A broader analysis of impact areas would also highlight some
potential benefits, such as the benefits to biodiversity provided by cotton water storages.
While not advanced, this would be an interesting and valuable methodological advance that
could be made using LCA.

An analysis of groups applying supply chain water use assessments showed a range of
interest groups and drivers for this type of work. In Australia, a considerable amount of
research has been funded by the livestock industries in this area using LCA. Internationally,
several intergovernmental research groups including the UNESCO-IHE and CGIAR have
been active in commissioning supply chain water assessments. Several large multi-national
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companies, as diverse as Coca-Cola and Volkswagon have commissioned such
assessments as a means of reducing water use impacts throughouttheir supply chains. For
cotton, the iconic Levi Straus & Co have commissioned research in this field using LCA as
the research framework. Considering almost allresearch has been commissioned in the
past eight years, this is an indication of rapid growth and widespread interest in the topic.
Interest groups and NGOs have contributed to this debate, though not the methods of
research and rigour of assessment have not always been a strength of such efforts.
As a water consuming industry, it is in the interests of the cotton industry to understand
supply chain water use for a number of strategic reasons. The following is a non-exhaustive
summary:

. To ensure the industry has the most detailed understanding of their own system
(both the positive and the negative aspects);i. e. to be 'information powerful'.

. To guide future research efforts (as needed)that go beyond the farm gate.

. To have methods and frameworks that will ensure interested groups or researchers
conduct meaningful and accurate research.

. To understand the requirements of supply chain water use assessments, in order to
inform later stages within the supply chain for cotton.

. As a tool(potentially)to communicate with consumers regarding the way they handle
clothing and the impactthey have on water use (i. e. via washing).

I'SA Co SUITING
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9. RECOMMENDATIONS

The key findings of this report relate to the comparison of supply chain water use
assessments, the application of this work to cotton production internationally, the relevance
of this work and the implications forthe Australian cotton industry.

Based on these findings, we recommend that the industry commission a detailed supply
chain water use assessment using state-of-the-art methods developed in the field of LCA. At
the farm and catchment level, this study should be based on detailed water balance
inventories. We recommend use the impact assessment method (stress weighted water
use) developed by Pfister at a1. (2009).

Regarding the system boundary; the industry may choose to limitthe assessment to a 'farm
gate' or processor gate study, or extend this to the consumer to investigate the (often
substantial) impact of garment washing on total water use. Alternatively, a study could be
commissioned to investigate the primary production system in detail, and literature values
could be used to extend this through garment manufacture to the consumer.

Regarding the scope of the assessment; the an extensive database of water inventory data
is available from FSA/ATC (2011). This is intended to form the basis for a detailed
investigation. Farms in both Queensland and northern NSW were included in this study and
will be included in the water use LCA. We also recommend including dryland cotton
production (12 farms) into the assessment in order to provide a comparison and to provide
a more comprehensive assessment of Australian cotton production.

Because of the prevalence of water footprinting analyses, we recommend that the industry
include an assessment of 'green water' and 'grey water' at the inventory level for
comparison. Additionally, we recommend the industry consider expanding the study to
include additional impact categories relevant to water use, including:

Eutrophication (i. e. nutritification)

Land use (and the interaction between land use, water dynamics and both blue and
green water).

Cotton Research and Development Corporation

Additionally, we recommend a preliminary investigation into the relationship between water
use and positive biodiversity outcomes. This could include a review of the literature and Of
available) application of relevant indicators to the cotton industry.

Lastly, we suggest the industry consider expanding the scope of the study to include impacts
from greenhouse gas and energy use. This would allow a more robust assessment of
interactions between environmental impacts and trade-offs that might exist. Additionally, it
would expand the dataset currently available to the industry and advance the previous study
commissioned by using a methodology that is more closely aligned with other publically
available studies for agricultural products in Australia and internationally. Considering the
data required are reasonably similar, this may be achieved in a cost effective manner during
the water use study.
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