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Limitations
URS Infrastructure & Environment UK Limited (“URS”) has prepared this Report for the sole use of Waste & Resources
Action Programme (“Client”) in accordance with the Agreement under which our services were performed
th
rd
(49352469/MALT0002 dated 20 February 2011 and Ref: 49352469/MALT0010 dated 23 January 2012). No other
warranty, expressed or implied, is made as to the professional advice included in this Report or any other services
provided by URS.
The conclusions and recommendations contained in this Report are based upon information provided by others and
upon the assumption that all relevant information has been provided by those parties from whom it has been requested
and that such information is accurate. Information obtained by URS has not been independently verified by URS, unless
otherwise stated in the Report.
The methodology adopted and the sources of information used by URS in providing its services are outlined in this
Report. The work described in this Report was undertaken between March 2011 and June 2011 and is based on the
conditions encountered and the information available during the said period of time. The scope of this Report and the
services are accordingly factually limited by these circumstances.
Where assessments of works or costs identified in this Report are made, such assessments are based upon the
information available at the time and where appropriate are subject to further investigations or information which may
become available.
URS disclaim any undertaking or obligation to advise any person of any change in any matter affecting the Report, which
may come or be brought to URS’ attention after the date of the Report.
Certain statements made in the Report that are not historical facts may constitute estimates, projections or other forwardlooking statements and even though they are based on reasonable assumptions as of the date of the Report, such
forward-looking statements by their nature involve risks and uncertainties that could cause actual results to differ
materially from the results predicted. URS specifically does not guarantee or warrant any estimate or projections
contained in this Report.

URS Infrastructure & Environment UK Limited
Brunel House, 54 Princess Street
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EXECUTIVE SUMMARY
WRAP commissioned URS Infrastructure & Environment UK Ltd (URS) to undertake a high level study to:


Provide WRAP with an overview of available evidence on the impact of UK clothing use on water
consumption in the global supply chain;



Identify the most significant impacts in terms of embodied water / water footprint and water extracted in
the UK; and



Highlight the key opportunities for reductions in water footprint.

The study has shown that limited data are available to enable the full life cycle water footprint of UK
annual clothing use to be calculated, the clothing supply chain is highly diverse and complex, and
detailed market information and country-specific water footprint data are not available for all specific
life cycle stages and process steps involved in the manufacture of clothing across the variety of fibre
types (particularly silk and man-made fibres). The water footprint numbers calculated as part of this study
are based on a very simplified model of the supply chain for UK clothing and a number of assumptions (see
Appendix A) have been made in deriving its “big picture” results; the calculated values are not necessarily
precise, but do reveal overall patterns of impact. The purpose of this short study is to inform further
1
discussion with the industry rather than conduct exhaustive scientific analysis .
As shown in Table E.1, the results of the water footprint study have shown that the estimated water footprint
3
3
of clothing used in the UK in one year is around 6,300 Mm water (calculated value is 6,306 Mm ). This
calculation is based on an annual clothing use of 2,488,396 tonnes. Therefore the average water footprint is
3
around 2,500 m of water for every tonne of clothing in use in one year. However, the water footprint per
3
tonne of fibre varies significantly by fibre type, with the modelled estimates ranging from 78 m per tonne (for
3
synthetic fibres such as polyester, polyamide and polyurethane / polypropylene) to 58,153 m water per
3
tonne for silk. As calculated, the total water footprint comprises 2,202 m /tonne at the raw materials stage,
3
3
318 m /tonne at the processing and manufacturing stage, 0.01 m /tonne for transport and distribution and 15
3
m /tonne from the UK consumer in-use stage.

TABLE E1: TOTAL WATER FOOTPRINT

Total
(Mm3)

Individual
WF per
fibre type
(m3/
tonne)

Share
of total
WF
(m3/
tonne)

15,611,697

3,316

3,099

1,333

3,161

3,267,565

501

2,237

201

23,580,664

509

363,063

1,447

58,153

582

94,351,009

7,788,438

224

726,125

103

2,067

41

223,956

709,611,213

144,552,699

1,069

3,267,565

857

3,829

345

16%

398,143

39,637

25,267,560

1,766

5,809,004

31

78

13

Acrylic

9%

223,956

22,296

25,357,289

994

3,267,565

29

128

12

Polyamide

8%

199,072

19,819

12,633,780

883

2,904,502

16

78

6

Polyurethane /
Polypropylene

3%

74,652

4,737,668

331

78

2

790,858,091

14,073

2,534

2,534

%

Raw
materials

Processing
and
manufacture

Transport

UK
consumer

Cotton

43%

1,070,010

2,806,908,540

493,964,256

5,135

Wool

9%

223,956

444,834,463

52,975,738

Silk

1%

24,884

1,423,123,949

Flax / Linen

2%

49,768

Viscose

9%

Polyester

Fibre type

Total

1

Water Footprint (WF) in m3

UK
clothing
use
(tonnes)

2,488,396

7,432
5,478,918,358

1,089,188
36,306,273

6
6,306

Review of data on embodied water in clothing and opportunities for savings, WRAP Project Brief, 21.02.2011
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The most significant element of the water footprint is the production (cultivation / rearing) and extraction of
raw materials and represents 87% of the total water footprint. Of this, the cultivation of cotton represents
2
45%, silk 23% and viscose 11% (based on the fibre split for UK clothing assumed in this report ). In this
3
analysis, silk has a particularly high footprint per tonne of fibre (although data regarding silk were limited ).
Synthetic fibres such as polyester were estimated to have a low footprint relative to natural fibres – but note
that data were not available for the water footprint of polymerisation and resin conversion for the oil-derived
synthetic fibres, and therefore the results are likely to be under-estimates for these types of fibre.

In terms of the three types of water, the footprint comprises:


Green (evapotranspiration during crop growth) – 3,458 Mm (55%)



Blue (net withdrawal from lakes, rivers and aquifers) – 1,096 Mm (17%)



3

3

3

–

951 Mm in the irrigation of crops

–

109 Mm in the processing of raw materials and manufacture of clothes

–

0.01Mm in transporting clothing to the UK

–

36 Mm in consumer washing

3
3

3

4
3

Grey (measure of pollution impact on freshwater resources) 1,753 Mm (28%)
3

–

1,070 Mm in fertiliser, pesticide and herbicide application

–

682 Mm in the processing, dying and manufacture of clothes

3

In addition, based on a 2010 estimated population for the UK of 62.2 million, the water footprint per person is
3
3
3
101 m per annum, comprising 99 m per annum “imported” water and 2 m per annum direct use in the UK.
However, unlike with carbon footprinting, the aim of a water footprint is not necessarily to reduce its size but
to focus change in locations where water resources are already or are going to be scarce. 98% of the total
water footprint is consumed outside the UK in the cultivation, growth and extraction of raw materials and the
processing and manufacture into the finished garments. Only 2% of the total water footprint is consumed in
UK comprising 0.1% from wool raw material production/rearing, 1.3% from UK clothing manufacture and
0.6% from automatic clothes washing.
Therefore, any focus on water efficiency within the clothing fibre and fabric production, garment manufacture
and use life cycle needs to focus more on the countries where most water is consumed, prioritising in
countries and watersheds where freshwater availability is scarce. As shown in Table E2 and Figure E1
below, the study has identified the following countries:

2

Section 3.5 of this report provides a sensitivity analysis for an alternative set of data on fibre mix for the UK market. The net change in
total footprint is a 1% reduction.
3
Uncertainties in data for silk include the UK market share, which may be lower than the 1% published value used in the calculations in
this report, and the amount of water used to raise mulberry bushes to feed the silkworms.
4
If blue water is withdrawn from a source (e.g. a river) and returned to the same source in the same condition, this does not contribute
to the net water footprint since the water has not been consumed (it has been ‘borrowed’). The majority of water withdrawn from a UK
catchment for clothes washing is returned to the same catchment, and thus is not ‘consumed’ in terms of a footprint. The net footprint
will include water evaporated during drying. The actual volume of water required for washing is considerably higher: this would have
particular significance for parts of the UK if facing drought conditions.
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TABLE E2: AREAS OF WATER STRESS
Defined as Water Stressed at a Country Level



India – 25% of total water footprint (Cotton,
Viscose and Silk)
Pakistan – 4% of total water footprint (Cotton)

Defined as Water Stressed at a Watershed level





Figure E1: Water Footprint per country / m

China – 41% of total water footprint (particularly from
Cotton, Viscose, Silk and Garment Manufacturing)
USA – 5% of total water footprint (Cotton, Viscose and
Silk)
Australia – 5% of total water footprint (Wool)
Turkey – 1% of total water footprint (Manufacture)

3

With regards to reducing the water impact of the clothing industry, although the most direct influence is over
activities undertaken within the UK, this represents only 2% of the total water footprint. It is therefore
apparent that the most significant impact can be made by focussing on the following key areas:


Irrigation of crops (cotton, fodder for sheep, mulberry bushes for silk) – Improve efficiency of existing
methods



Fertiliser, pesticide and herbicide manufacture – Promote more sustainable farming practices to limit
pollution and maximise crop yields, while minimising water quality impacts



Improve water use and the quality of water discharge at raw material and clothing manufacturers,
including water re-use and improving treatment standards of all water that is discharged back to the
environment.
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1

INTRODUCTION AND OBJECTIVES
URS Infrastructure & Environment UK Ltd (URS) was commissioned by WRAP to undertake a
high level study to:


Provide WRAP with an overview of available evidence on the impact of UK clothing
use on water use in the global supply chain;



Identify the most significant impacts in terms of embodied water / water footprint and
water extracted in the UK; and



Highlight the key opportunities for water savings.

The work was undertaken in accordance with URS proposal (Ref: 49352469/MALT0002 dated
th
rd
20 February 2011 and Ref: 49352469/MALT0010 dated 23 January 2012).
This summary report presents the results of this study and is accompanied by an excel
worksheet.

1

Review of Data on Embodied Water in Clothing
Summary Report
2

WATER FOOTPRINT METHODOLOGY

2.1

Definition of Water Footprint, Green, Blue and Grey Water
As defined in the latest guidance on water footprinting published by the Water Footprint
Network (WFN):
“The water footprint of a product (a commodity, good or service) is the total volume of
freshwater used to produce the product, summed over the various steps of the production
chain. The water footprint of a product refers not only to the total volume of water used; it also
5
refers to where and when the water is used” .
In water footprinting, the volume of ‘water use’ is measured in terms of the volume of water
consumed and/or polluted per unit of time. Water consumption refers to the volume of
freshwater used and then evaporated or incorporated into a product. It also includes water
abstracted from surface or groundwater in a catchment and returned to another catchment or
the sea. Essentially it is the amount of water evaporated from the soil and abstracted from
groundwater or surface water that does not return to the catchment from which it was
withdrawn. The non-consumptive part (i.e. the water that is returned to the same catchment),
is not part of the water footprint as long as it is returned at a quality that can be used for other
uses, either environmental or anthropogenic. If it is not returned at an appropriate quality then
it is termed grey or “polluted” water and the total effective consumption increases substantially.
It is important to distinguish the difference between ‘water consumption’ versus ‘water
withdrawal’ or ‘water abstraction’, where the water returned to the same catchment is not
taken into account.
The guidance also suggests that a comprehensive water footprint should be split into the three
constituent elements: green, blue and grey water, in each of the locations where water is
consumed within the life cycle of a product. Green, blue and grey water are defined as
follows.


The “green” water component refers to the volume of precipitation evaporated during
the production process. This is mainly relevant to agricultural products (e.g. cotton,
crops to feed livestock). Green water refers to the precipitation on land that does not
runoff or recharge groundwater but is stored in the soil and evapotranspires during
crop growth. The evaporative loss is included as a component part of the water
footprint because a significant proportion of the water would be available to other
water users (e.g. groundwater reserves, ecological features) if the crops were not, in
fact, grown. Although the evaporation may be an available resource to other users, it
has been assumed that such a loss is not available to the area or immediately
downstream of the area in which the crops are grown and is, therefore, considered a
water use.



The “blue” component refers to the volume of surface and groundwater “consumed”
as a result of the production of the product or service. The consumptive water use
covers four cases:
A. the evaporation of water;
B. the water incorporated in a product;
C. the water that is not returned to the same catchment from which it was
withdrawn (e.g. to another catchment or the sea);
D. the water that is not returned in the same period in which it was withdrawn.

5

Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M. and Mekonnen, M.M. (2011) The water footprint assessment manual: Setting the global
standard, Earthscan, London, UK
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For example in the production of crops, the blue water in irrigation includes the
evapotranspiration from the crop from the applied irrigation water, the additional
evaporation caused by irrigating an area larger than the cropped area, the additional
evaporation from impounding the irrigation water, the losses from the conveyance
facilities etc. For the production of a product, the blue water is defined as the amount
of water withdrawn from groundwater and surface water that does not return to the
system from which it came.


The “grey” water footprint is a measure of the impact of polluted water on water
resources associated with the production of goods and services, quantified as the
volume of water that is required to dilute pollutants to such an extent that the quality of
the ambient water remains above agreed water quality standards. For crop production
this would be the volume of dilution to reduce fertiliser and pesticide levels leaching
from soils to agreed standards. For industrial production this is the dilution of effluent
quality to agreed standards, although this is complicated by the use of downstream
municipal treatment plants.

Green and blue water are considered direct and indirect consumptive use while grey water is a
measure of water pollution, an impact.
2.2

Step 1 - Scope of the Water Footprint
In line with the Water Footprint Network guidance to assess the water impacts of the UK
clothing, a life cycle approach was undertaken, with the water impacts of each stage of the life
cycle of each fibre type (i.e. the ‘cradle to grave approach’ from raw material
cultivation/extraction, through consumer use, to the point the garment is disposed) assessed
on a location by location basis. In water footprinting, understanding the location of the water
use is as important (if not more so) as understanding the amount of water use. The aim of a
water footprint is not always to reduce its size but to focus efforts on locations where water is
consumed or impacted by operations in areas where water resources are already or are going
to be scarce. The accounting element of a water footprint is of limited value if there is no
consideration of geographical spread focussing on water resource availability in the area in
which the water is consumed.
Therefore the first stage in the study was to undertake a document review to research the
process steps and key water uses involved in the manufacture of clothing used in the UK.
Due to the differences in the raw materials and manufacturing processes between different
fibre types, the UK clothing water footprint was categorized into the following fibre types:


Cotton;



Wool;



Silk;



Flax / Linen;



Viscose; and



Man-made fibres – Polyester, Acrylic, Polyamide, Polyurethane / Polypropylene

It is acknowledged that several other fibre types are in use in UK clothing e.g. Cellulose
acetate, Lyocell and Jute; however the nine fibre types included in the study were agreed with
WRAP and focus on the most common major fibre types for which consumption data and
6
water footprint data were available .

6

In 2011, the Metrics working group of the Sustainable Clothing Action Plan decided to focus on the major fibre types when evaluating
sector impacts.
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For the purposes of this study, UK clothing has been defined as “all clothing, both new and
7
existing in use in the UK over a period of one year ”, and includes the impacts associated with
the quantity of new clothes that are manufactured for the UK and consumed each year and the
impacts associated with all clothing (both new and existing) that is actively worn, cleaned and
disposed of each year.
As shown in Figure 2.1 and briefly described below, the following life cycle stages and water
consumption were considered in the Water Footprint calculation:
2.2.1

Global Fibre Raw Material Growth / Rearing / Extraction


Plant cultivation (cotton and flax growth, viscose from tree pulp, grasses and fodder for
sheep, mulberry bush growth to feed silk worms)
o

Rainfed crops (green water)

o

Irrigated crops (blue water)

o

Fertiliser, pesticide and herbicide applications resulting in water pollution (grey
water)

The water footprint of crops and trees is very dependent upon local climate conditions,
soils, irrigation methods adopted (where applicable) and the pollution impacts. For
example, for cotton growth the estimated green, blue and grey water requirement in India
3
3
is 9,321 m /tonne, while in Greece it is 1,720 m /tonne


Sheep rearing (for wool)
o

Grass and fodder growth

o

Feed mixing water

o

Drinking water

Again the water footprint of rearing animals varies greatly between countries, the
3
estimated water footprint of a grazing sheep is 6,155 m /tonne in Australia and 4,328
3
m /tonne in Argentina.


Man-made fibres (Polyester, Acrylic, Polyamide, Polyurethane / Polypropylene)
o

Crude oil extraction and refining to produce commodity chemicals (by-products
of the oil refining industry)

o

Polymerisation of by-products of oil refining industry to make synthetic polymer
resin (although no water footprint data were available for this process stage)

o

Conversion of resin into fibre (although no water footprint data were available
for this process stage).

There is considerable variation in water use between locations (both in extraction and
refining); however limited data are available, but not location specific. Table A.1 identifies
the locations for oil production and refining. China is the major location for subsequent
process stages to produce resin and fibre, but location-specific water footprint data were
8
not available for the calculation .

7
8

ERM "A Carbon Footprint for UK Clothing and Opportunities for savings" report, February 2012
In comparison, the ERM carbon footprint report does take account of geographic location for resin and fibre production for synthetic
fibres, as carbon emissions data are available for energy use in the different countries. The main country of origin for these stages is
China (see Oerlikon, 2012, The Fibre Year 2009/10, A World Survey on Textile and Non Wovens Industry, World Man Made Fibre
Volumes 2009).
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2.2.2

Global Processing of Fibre, Production of Fabric and Manufacture of Garments






2.2.3

Yarn production from natural fibres:
o

Cotton production comprising ginning, cleansing, carding, combing, roving
and spinning of raw cotton. Prepared cotton is then bleached, de-sized and
dyed.

o

Wool involving scouring the fleece and top making. The fleece is spun and
weaved before undergoing dyeing and finishing using acids.

o

Silk worm cocoons are reeled which comprises unwinding of raw silk and
throwing of the continuous filament by weaving and knitting. The silk is degummed by bleaching and weighing before dyeing

o

Flax is scutched and hacked, before the rove is degummed. Flax is wet spun,
weaved and bleached before dyeing and finishing

Regenerated fibre yarn production – Viscose:
o

Extensive fibre preparation comprising dissolving, pressing, re-dissolving,
filtering, extrusion, drawing, washing, cutting, carding and short staple ring
spinning

o

Viscose is prepared for knitting and weaving through de-sizing, scouring and
bleaching before reactive jet dyeing and finishing

Man-made fibres:
o

Man-made fibres require preparation from raw components comprising melt
spinning for polyester, condensation polymerisation for nylon and dissolving in
solvents for acrylic

o

Fabrics are prepared for manufacture by crimping, scouring, spinning and
knitting, and dyed and finished.

Distribution to UK


Energy associated with transport by road, air and sea to UK (indirect water
consumption)

For consistency with the carbon footprint study, transport of finished garments from the
manufacturer (or materials for clothes manufactured in the UK) to the UK retail outlets has
been included.
2.2.4

UK Consumer Use and Disposal


Clothes Washing
o



Clothes Drying
o



Water and energy use during one year

No direct water consumption, and indirect water consumption associated with
energy used was deemed insignificant, therefore was excluded from further
study

Clothes Ironing
o

Minimal direct water consumption, and indirect water consumption associated
with energy used was deemed insignificant, therefore was excluded from
further study

To determine the water footprint of washing the UK’s annual clothing use, all garment
types and fibre types were assumed to be washed at the same frequency. As provided by

5
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WRAP, the average annual number of washes per garment in the UK is estimated to be
9
9.9 (calculated from 274 washes per household per year) .


Disposal
o

Landfill

o

Re-use / recycling e.g. Charity Shop

o

Incineration

During the research it was determined that there is minimal water footprint associated
with the disposal of waste clothing, therefore this life cycle stage was excluded from
further study.

9

See ERM’s carbon footprint report for WRAP, Section 3.6.1, for the sources of this estimate.
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Figure 2.1: UK Annual Clothing Life Cycle Stages
Production and Extraction of Raw Materials
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Growth

Rearing of
sheep

Silk Worm /
Mulburry Bush

Flax Fibre
Crop Growth

Viscose / Wood
Pulp growth

Crude Oil
Extraction
(man made
fibres)

Crop production,
including rainfall,
irrigation,
fertilisers

Livestock
feeding, rainfed
and irrigated
crops
Drinking water
Service water
Feed mixing
water

Sericulture:
Incubation of
eggs
Worm feeding
(mulberry tree
leaves) rainfed
and irrigated
crops

Crop production,
including rainfall,
irrigation,
fertilisers

Crop production,
including rainfall,
irrigation,
fertilisers
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refining of crude
oil to produce byproducts

China, India,
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Netherlands,
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India, Indonesia
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Russia, Iran,
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Venezuela,
Kuwait, Libia,
Kazakstan,
Mexico, Qatar,
Algeria, UK,
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Export of raw
cotton (not carded
or combed)

Export of raw
Wool (not carded
or combed)

Export of Silk
worm cocoons
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reeling

Export of Flax
(raw or
processed not
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Export of
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processed)
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Pakistan, France,
Spain
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Vietnam,
Netherlands,
Portugal, India,
Spain, Romania,
Egypt, Morocco

China, Italy,
France, India,
Germany, Spain,
Netherlands

China, Turkey,
Italy, India, Sri
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Indonesia,
Bangladesh,
Netherlands,
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Indonesia,
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(clothing already in
use)

UK Disposal
Landfilling
Incineration
Recycling / Re-Use

No water footprint data available for this process stage
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2.3

Step 2 – Determine UK Clothing Volumes and Locations
The second step in the study was to gather market data to determine the use of clothing in the
UK. As discussed for the purposes of this study, UK clothing has been defined as “all clothing,
both new and existing in use in the UK over a period of one year”, and includes the impacts
associated with the quantity of new clothes that are manufactured for the UK and consumed
each year and the impacts associated with all clothing (both new and existing) that is actively
worn, cleaned and disposed of each year.
However, a lack of detailed market information data is available regarding how much clothing
10
is used in the UK in one year, what the types of fibres and garments are and where they are
11
sourced from. The World Trade Map (using data from COMTRADE statistics) was therefore
used as a main data source.
The total tonnes of clothing imported into the UK (i.e. new clothing) was determined using UK
2010 import volumes from the World Trade Map for the following categories: ‘61 Articles of
apparel, accessories, knit or crochet’ and ‘62 Articles of apparel, accessories, not knit or
crochet’ (1,028,735 tonnes). Information available from the literature research also indicates
12
that 90% of UK clothing consumption is imported , therefore the remaining 10% of new
clothing manufactured in the UK was extrapolated from the imported volume (114,404 tonnes)
to give a total of 1,143,039 tonnes of new clothing.
Based on the estimated volumes of each fibre type, the lifetime of each garment type and the
composition of clothing (i.e. proportion of each fibre type used in garments), an ‘average’
weighted lifetime of clothing in the UK was calculated to be approximately 2.177 years by
13
ERM . Therefore, to calculate the total volume of both new and existing clothing in use in one
year, the volume of new clothing (1,143,039 tonnes) was uplifted by 2.177 to give a total of
2,488,396 tonnes of new and existing clothes in use in one year.
The method used to calculate the quantity of clothing in use in a given year (both new and old,
by using the annual quantity of clothing purchased and the anticipated lifetime of that clothing)
has three main assumptions. Firstly, it assumes that purchasing behaviour remains static
insofar as the quantity of clothing purchased in 2010 was the same in previous years and will
be the same in future years. In other words, new clothing will eventually replace existing
clothing on a one for one basis. Secondly, an assumption that all clothing purchased is used,
rather than being purchased and never used. Thirdly, the ‘Wardrobe stockpile’ includes
clothing that is retained within the home but not in active use (e.g. stored away in wardrobes,
boxes, the loft, garage etc.) and therefore is thought not to constitute clothing in use.
It was also necessary to break down the UK clothing use into fibre type and garment type so
that the appropriate life cycle stages could be taken into account in the water footprint
calculation e.g. raw material, washing frequency. The % split of total UK clothing tonnes by
fibre type and garment type was estimated from EU average data presented in the IMPRO
14
Textiles study and is reproduced in Tables 2.1 and 2.2 below. In the absence of a complete
and reliable UK specific dataset regarding the split of UK clothing by fibre type, EU average
data from the IMPRO textiles study were used. The original source of this data is the
EUROPROM database and combines information of the production, imports and exports of
manufactured textile products in Europe. A breakdown of each garment type by fibre type is
also shown in Figure 2.2. (Note that Section 3.5 provides a sensitivity analysis for the water
footprint calculated using a different estimate of the fibre split for UK clothing. A significant
change in the fibre mix estimate had little effect on the overall footprint.)

10

Members of the Metrics group of the Sustainable Clothing Action Plan have started work in 2012 to quantify their fibre mix based on
actual sales data
11
http://www.intracen.org/tradstat/
12
Sustainable Clothing Action Plan, Feb 2010
13
ERM "A Carbon Footprint for UK Clothing and Opportunities for savings" report, February 2012, pg 23
14
Bio Intelligence Service Environmental Improvement Potentials of Textiles (IMPRO Textiles) Final Report, Nov 2009
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TABLE 2.1 ASSUMED % SPLIT OF UK CLOTHING BY FIBRE TYPE
Fibre type

%

Cotton

43%

Wool

9%

Silk

1%

Flax / Linen

2%

Viscose

9%

Polyester

16%

Acrylic

9%

Polyamide

8%

Polyurethane / polypropylene

3%

Total

100%

TABLE 2.2 ASSSUMED % SPLIT OF UK CLOTHING BY GARMENT TYPE
Garment type

%

Tops

36.7%

Underwear, nightwear and hosiery

24.2%

Bottoms

20.4%

Jackets

7.7%

Dresses

5.3%

Suits and ensembles

2.8%

Gloves

1.0%

Sportswear

0.9%

Swimwear

0.6%

Scarves, shawls, ties etc

0.4%

Total

100%
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Figure 2.2: Composition of garment type by fibre type

15

15

Bio Intelligence Service, Environmental Improvement Potentials of Textiles (IMPRO Textiles), Final Report, Nov 2009

10

Review of Data on Embodied Water in Clothing
Summary Report
As discussed, in water footprinting, understanding the location of the water use is as important
(if not more so) as understanding the amount of water use, therefore the World Trade Map
was also used to determine the basic raw material origins of each fibre type and processing
and garment manufacturing locations.
The origin locations of the raw materials used to make fibres were initially estimated from the
top global export countries (by value) of the following materials in 2009 (as 2010 data were
incomplete):


Cotton not carded or combed (cotton)



Wool not carded or combed (wool)



Silk worm cocoons suitable for reeling (silk)



Flax raw or processed not spun (flax / linen)



Other vegetable fibres raw not processed (viscose)



Crude petroleum oil (which is refined to produce by-products which are further
processed into manmade fibres)

For the oil-based man-made (or synthetic) fibres such as polyester, the countries of origin for
crude and refined oil are different to the major countries of origin for polymer resin and fibre
(principally China). However, as noted previously, water footprint data were not available for
resin and fibre production for these fibres.
The processing and manufacturing locations of garments were estimated from the top 2010
UK import countries (by value) for products of the following fibre types: Cotton, Wool, Silk,
Manmade / synthetic and other (used for Viscose).
The countries determined from the World Trade Map data were also reality checked against
information regarding the textile industry gathered during the study literature research.
For some fibres, this reality check identified uncertainties in the use of the World Trade Map
(COMTRADE Statistics) to determine raw material locations, and data were anticipated to
include re-exports from a number of countries and so mask the original location of the fibre.
For example, World Trade Map data indicate 32% of world exports of raw silk cocoons are
from the UK. However, it is very unlikely that they originate from silk worms reared in the UK.
Similarly <1% of global exports of raw cotton originates in China, likely due to the fact that
most raw cotton remains within China for garment manufacture and is not exported in its raw
form. Therefore, for raw silk, raw cotton and viscose, further research of industry-specific
trade data and industry-specific publications was undertaken to determine the more likely
locations, and the countries used in the water footprint calculations were revised if required
(for example, further research identified 81% of raw silk originates in China, 16% from India
and 3% from other countries). A full list of the fibre raw material origin locations used in the
water footprint calculations are presented in Appendix A (Table A1).
Using the method described above, we have been able to estimate the locations at the very
start (fibre raw material origin) and end (garment manufacture prior to being imported to the
UK) of the clothing supply chain for each fibre type. The study therefore has been calculated
on a very simplified model of the UK clothing industry. However, the clothing supply chain is
extremely diverse and it is anticipated that many intermediate process steps occur in
additional locations, as many countries import raw materials from the major producing
countries but then export significant volumes again to other countries in a partially processed
form. In addition we have assumed that the % distribution of global export locations of textile
raw materials (e.g. raw cotton, raw flax) is representative of where the raw materials of those
clothes consumed in the UK originate. It is possible that there will be intermediate locations.
However it has not been possible to research these intermediate countries or determine UKspecific raw material source locations in this high level study. Such detail may make some
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differences to the magnitude and global spatial spread of the water footprint, but these are not
expected to be significant. Limitations to the methodology and examples are discussed in
Section 3.6.

2.4

Step 3 – Embodied Water Factors
The key component in developing the
green, blue and grey water footprints
in this study was to research
appropriate embodied water factors
3
(m water per tonne of product,
material etc).
Therefore where
available water conversion factors
specific to the country, fibre type and
process step were collated.

BOX 1: Definition of Virtual Water Content
The virtual-water content of a product is the freshwater
“embodied” in the product, not in real sense, but in
virtual sense. It refers to the volume of water
consumed or polluted for producing the product,
measured over its full production chain. If a nation
exports/imports such a product, it exports/imports
water in virtual form. The ‘virtual-water content of a
product’ is the same as ‘the water footprint of a
product’, but the former refers to the water volume
embodied in the product alone, while the latter term
refers to that volume, but also to which sort of water is
being used and to when and where that water is being
used. The water footprint of a product is thus a multidimensional indicator, whereas virtual-water content
refers to a volume alone.

“Virtual” water (also known as
‘embedded water’ or ‘embodied water)
refers to the amount of water used to
produce a product from start to finish
and is effectively the total of green and
blue (generally blue). It does not
normally include grey water.
A
16
definition of virtual water from the Water Footprint Network (WFN) is presented in box 1 .

The Water Footprint Network provided a good coverage of water conversion factors for raw
material cultivation/rearing for many crop and agricultural products and some process stages
(particularly cotton). However, for raw material extraction and processing/polymerisation for
man-made fibres and the intermediate manufacturing stages involved in the manufacture of
clothes for all fibre types e.g. finishing, bleaching, dyeing, clothing manufacture etc, the
coverage of data regarding embodied water is significantly less well developed compared to
carbon footprint data for example.
This is because to date much of the focus has been on gathering data focussed on crop and
agricultural products due to the significant volumes of water required in crop cultivation (i.e.
approximately 70% of water use around the world is related to agriculture).
Data gaps were filled through a detailed literature review, internet searches and extrapolation
of data. However for some manufacturing stages conflicting data regarding water use were
available. For example, the water use in the dyeing and finishing of acrylic has been
assessed as:


62-278 litres / kg: The role and business case for existing and emerging fibres and in
sustainable clothing, The Food and Environmental Research Agency, 2010.



17,000-34,000 litres per 1000kg: Water Conservation in Textile Industry, College of
Textile Engineering, SFDAC, 2009 http://www.docstoc.com/docs/30956801/Waterconservation-in-textile-industry

In addition, in calculating the blue water footprint of the processing and manufacturing process
a simple calculation of ‘water in minus water out’ is required. This gives the total water lost
through evaporation and other losses as required by the blue water definition. However
limited data were available regarding water discharged, which is essential to calculate the
consumptive water use (blue water).

16

http://www.waterfootprint.org/?page=files/Glossary
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However from URS’ experience of conducting water footprint calculations for a number of
products, the water footprints of some life cycle stages are negligible in terms of contributing to
the overall water footprint (and water impact) e.g. manufacture of ancillary raw materials,
transport, energy use are often relatively low compared with crop growth and mining activities.
Details of the data sources and assumptions used in the water footprint calculations to
overcome data gaps are presented in Appendix A.
2.5

Step 4 – Calculations
The information gathered during steps 1 to 3 was collated into an excel based database and
17
calculation tool and the water footprint calculated for each country. An example of the water
conversion factors used to calculate the water footprint associated with cotton is shown below.
The conversion factors used for the other fibre types are included in Appendix B.

2.5.1

Product Fractions and Value Fractions
Many of the raw materials used to manufacture textile are processed into several products
(e.g. cotton seed into textiles and cotton seed oil, sheep into wool and meat). Therefore, in
accordance with the Water Footprint methodology a product fraction (based on volume) or a
value fraction (based on economic value of the different products) has to be calculated. An
example of the product fractions and value fractions for cotton is shown in Figure 2.3 below.

17

A copy of the spreadsheet (UK Clothing WFP-2012_V5.0) has been provided as part of the study deliverables
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Figure 2.3. Cotton Product Tree

18

There is limited availability of data for the value fractions while product fractions are available
and can be calculated. Therefore, product fractions have been adopted for each fibre type
included in the study and are shown in Table 2.3.
A very comprehensive study of the value chain of the raw materials would be required to adopt
value fractions. For example, the value fraction of man-made acrylics would involve an
economic assessment of the different products that are derived from crude oil.
The product fractions were used to both determine the volume of raw materials required to
produce the volume of end textile products (i.e. tonnes of cotton seed required to make one
tonne of textile clothing) and also the percentage of the raw material water footprint
attributable to textiles (i.e. % of the water footprint of cotton seed attributable to the production
of textile versus the % attributable to the production of cotton seed oil).

TABLE 2.3 PRODUCT FRACTIONS
Raw Material
Cotton Seed

Sheep

18

Outputs

Allocation

Cotton lint (used for textiles)

35%

Cotton seed (used for cotton seed oil)

63%

Other

2%

Total

100%

Sheep skin and fleece (used for wool)

8%

Sheep carcass for meat

92%

Report 18 Chapagain, A.K., Hoekstra, A.Y. and Savenije, H.H.G., Gautam, R. (2005) ‘The water footprint of cotton consumption’
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TABLE 2.3 PRODUCT FRACTIONS
Raw Material

Outputs

Allocation

Total

100%

Mulberry Bush

Mulberry leaves to feed silk worm

100%

Raw Flax Fibre

Flax fibre ready to be spun (used for
textile)

90%

Other

10%

Total

100%

Vegetable fibre ready to be spun (used for
textile)

90%

Other

10%

Total

100%

Raw Vegetable Fibre

Crude Oil

By product of oil refining used
manufacture of man-made fibres

in

1%

Various grades of fuel

99%

Total

100%

For simplicity, 100% of the water footprint of the processing and manufacturing stage (for all
fibre types) was allocated to the manufacture of textile and no by-products were considered at
this stage.
As shown in Figure 2.3 above, value fractions for cotton products are available. However as
stated above, due to the lack of data and complexity of the economic assessment that would
be required, it was not possible to calculate value fractions for the remaining fibre types.
However, for comparison the impact of using the value fraction versus the product fraction is
shown in an example below using the cotton water footprint calculations.

TABLE 2.4 COTTON WF: PRODUCT V VALE FRACTIONS
Allocation
Raw Material
Cotton Seed

Outputs

By Volume

By Value

Cotton lint (used for textiles)

35%

82%

Cotton seed (used for cotton seed oil)

63%

18%

Other

2%

0%

Total

100%

100%

3,316,

7,086

Water Footprint of UK Cotton Seed / Mm

3

The results show that use of the value fraction significantly impacts the calculated water
footprint and the Water Footprint of UK cotton use would be doubled by using the Value

15

Review of Data on Embodied Water in Clothing
Summary Report
Fraction (i.e. 82% of the WF of cotton seed) compared to using the Product Fraction (i.e. 35%
of the cotton seed WF).
URS believes that product fraction better represents water consumption and has been applied
throughout the study. The value fraction can be used to target water management to
conserve water where the greatest economic activity takes place.
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3

TOTAL WATER FOOTPRINT ESTIMATE AND IMPACTS
The results of the water footprint calculations are discussed below in terms of


Total



Life-cycle stage



Fibre type



Water type (blue, green and grey)



Location (total UK and non-UK)
3

Data is presented as total water footprint (m ) and normalised per tonne of clothing used in the
3
UK in one year (m /tonne).
3.1

Total Water Footprint of UK Clothing
As shown in Table 3.1 below, the water footprint of clothing used in the UK in one year is
3
6,306 million m water. This is a full life cycle approach including the raw material stage, the
processing and manufacturing stage, distribution and the consumer use (clothes washing of
new and existing clothes in one year).
This calculation is based on an annual clothing use of 2,488,396 tonnes (comprising
1,143,039 tonnes new clothing and 1,345,357 tonnes existing clothing)
3

Therefore the water footprint is 2,534m water for every tonne of clothing used in one year.
3
3
This comprises 2,202m /tonne at the raw materials stage, 318m /tonne at the processing and
3
3
manufacturing stage, 0.01m /tonne for transport and distribution and 15m /tonne from the UK
consumer use stage.

TABLE 3.1 TOTAL WATER FOOTPRINT / M

3

Water Footprint (WF) / m3

Fibre type

%

Cotton

43%

Wool

9%

Silk
Flax / Linen
Viscose
Polyester
Acrylic
Polyamide

1%

2%

9%

16%

9%

8%

Total
(Mm3)

Individual
WF per
fibre type
(m3/ tonne)

Share
of total
WF
(m3/
tonne)

15,611,697

3,316

3,099

1,333

3,161

3,267,565

501

2,237

201

23,580,664

509

363,063

1,447

58,153

582

94,351,009

7,788,438

224

726,125

103

2,067

41

223,956

709,611,213

144,552,699

1,069

3,267,565

857

3,829

345

398,143

39,637

25,267,560

1,766

5,809,004

31

78

13

223,956

22,296

25,357,289

994

3,267,565

29

128

12

199,072

19,819

12,633,780

883

2,904,502

16

78

6

UK
clothing
use
(tonnes)

Raw
materials

Processing and
manufacture

Transport

UK
consumer

1,070,010

2,806,908,540

493,964,256

5,135

223,956

444,834,463

52,975,738

24,884

1,423,123,949

49,768
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TABLE 3.1 TOTAL WATER FOOTPRINT / M

3

Water Footprint (WF) / m3

Fibre type

%

UK
clothing
use
(tonnes)

Polyurethane /
polypropylene

3%

74,652

Total

3.1.1

2,488,396

Share
of total
WF
(m3/
tonne)

Raw
materials

Processing and
manufacture

Transport

UK
consumer

Total
(Mm3)

Individual
WF per
fibre type
(m3/ tonne)

7,432

4,737,668

331

1,089,188

6

78

2

5,478,918,358

790,858,091

14,073

36,306,273

6,306

2,534

2,534

Life Cycle Stage
As shown in Table 3.2 the most significant element of the water footprint is the production
(cultivation / rearing) and extraction of raw materials and represents 87% of the total water
footprint. Of this, the cultivation of cotton represents 45%, silk 23% and viscose 11%. As
previously noted, data were not available for the water footprint of polymerisation and resin
conversion for the oil-based synthetic fibres.

TABLE 3.2 TOTAL WATER FOOTPRINT / %
Water Footprint / %

Raw Materials
%

Production
and
Processing
%

Transport
%

UK Consumer
%

Total %

Cotton

44.5%

7.8%

0.000

0.2%

52.6%

Wool

7.1%

0.8%

0.000

0.1%

7.9%

Silk

22.6%

0.4%

0.000

0.0%

22.9%

Flax / Linen

1.5%

0.1%

0.000

0.0%

1.6%

Viscose

11.3%

2.3%

0.000

0.1%

13.6%

Polyester

0.0%

0.4%

0.000

0.1%

0.5%

Acrylic

0.0%

0.4%

0.000

0.1%

0.5%

Polyamide

0.0%

0.2%

0.000

0.0%

0.2%

Polyurethane /
polypropylene

0.0%

0.1%

0.000

0.0%

0.1%

Total

87%

13%

0.0002%

1%

100%

Fibre type
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3.1.2

Fibre Type
For comparison of different fibre types, the water footprint per tonne of fibre type in use per life
cycle stage is shown in Table 3.3.

TABLE 3.3 TOTAL WATER FOOTPRINT PER TONNE PER FIBRE TYPE
3

Water Footprint / m per tonne
%

UK clothing
use (tonnes)

Fibre type

Raw
materials

Production
and
processing

Transport

UK
consumer

Total

Silk

1%

24,884

57,190

948

0

15

58,153

Viscose

9%

223,956

3,169

645

0

15

3,829

Cotton

43%

1,070,010

2,623

462

0

15

3,099

Wool

9%

223,956

1,986

237

0

15

2,237

Flax / Linen

2%

49,768

1,896

156

0

15

2,067

Acrylic

9%

223,956

0

113

0

15

128

Polyester

16%

398,143

0

63

0

15

78

Polyamide

8%

199,072

0

63

0

15

78

Polyurethane /
polypropylene

3%

74,652

0

63

0

15

78

2,488,396

2,202

318

0

15

2,534

Total

3

The estimated water footprint per tonne of fibre ranges from 78m per tonne (for synthetic
3
fibres such as polyester, polyamide and polyurethane / polypropylene) to 58,153 m water per
tonne for silk. Note that the footprint values for synthetic fibres do not include the footprint of
the polymerisation and resin conversion processes.
3

With an average water footprint of 2,534m per tonne for all fibre types, silk is significantly
more water intensive than all other fibre types included in the study (approximately 20 times
larger than the average water footprint per tonne). As shown in Table 3.3 and Figure 3.1
below, this is due to the high water intensity of both the raw material stage and processing and
manufacturing stages of silk clothing manufacture when compared to the other fibres.
Specifically the water required to grow the mulberry bushes needed for silk worms (i.e. data
available indicates 1 tonne silk = 240 tonnes mulberry leaves).
As discussed in section 2.2.4, due to limited data availability the water footprint assessment of
consumer use has been undertaken by clothing type and not fibre type, i.e. for the purposes of
this study wool dresses are assumed to be washed at the same frequency as cotton dresses
and all washing loads are assumed to consume (i.e. evaporate and retain in the fibre) the
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same volume of water. Therefore there is no calculated variation in the water footprint per
19
tonne per fibre type for the consumer use stage.
Figure 3.1 Water Footprint per tonne by fibre type

3.1.3

Water Type (Green, Blue Grey)
The distribution of the green, blue and grey water footprint is shown in Table 3.4 and Figure
3.2. 55% of the total water footprint is green water and is due to the evaporative water
demand of the crops used as raw materials or to feed agricultural raw materials. The most
significant element of the green water footprint is the cultivation of cotton representing 50% of
the green water footprint (or 27% of the total water footprint), followed by the organic fibres
required for viscose (11% of the total water footprint).
17% of the total water footprint is blue water, comprising 15% due to the irrigation of crops, 2%
from water used during textile processing and clothing manufacturing, less than 1% due to
indirect water used in transportation energy and 1% from UK consumer water use in clothes
washing. As with the green water footprint, the most significant element of the blue water
footprint is associated with cotton growth and is 12% of the total water footprint. This is
followed by the blue water (irrigation) associated with growing mulberry bushes for silk worms,
at 2% of the total footprint.
The grey water footprint relates to the impacts of fertilisers used in crop cultivation and the
effluent discharged to water courses from textile mills at concentrations above applicable
water quality standards. 28% of the total water footprint is grey water and the dominant factor
is the grey water footprint associated with fertiliser use. This represents 17% of the total water
footprint, whereas the impact of the wastewater discharged from textile mills represents 11%
of the total water footprint.

19

The ERM carbon footprint report includes discussion of the available information on differences in water retention by different types of
fibre, and whether such differences would actually impact on the laundry process (depending on e.g. the technology of the tumble dryer
and the way in which it is used).
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TABLE 3.4 GREEN, BLUE AND GREY WATER FOOTPRINT

Silk

24,884

Flax / Linen

49,768

Viscose

223,956

Polyester

398,143

Acrylic

223,956

Polyamide

199,072

Polyurethane /
polypropylene

74,652

Total

2,488,396

Grey

Blue

Grey

Blue

1,729,271,391

765,842,344

311,794,804

61,438,340

432,525,916

5,135

425,042,040

18,869,667

922,756

8,435,627

44,540,111

3,161

564,245,361

135,902,786

722,975,801

3,754,883

19,825,781

509

76,616,848

13,878,367

3,855,795

1,240,197

6,548,241

662,551,863

16,202,095

30,857,255

23,017,946

121,534,753

0

39,637

0

4,023,497

21,244,064

0

22,296

0

4,037,785

21,319,504

0

19,819

0

2,011,748

10,622,032

883

0

7,432

0

754,406

3,983,262

331

3,457,727,503

950,784,443

1,070,406,411

108,714,429

682,143,663

14,073

224

1,069

1,766

994

Blue

Total Water Footprint / m
Green

Blue

3

Grey

15,611,697

1,729,271,391

842,897,517

744,320,720

3,267,565

425,042,040

30,576,020

45,462,867

363,063

564,245,361

140,021,241

742,801,582

76,616,848

15,844,913

10,404,036

662,551,863

42,488,674

152,392,008

0

9,873,904

21,244,064

3,267,565

0

7,328,639

21,319,504

2,904,502

0

4,936,952

10,622,032

1,089,188

0

1,851,357

3,983,262

3,457,727,503

1,095,819,218

1,752,550,074

726,125

3,267,565

5,809,004

36,306,273

Grey Water – 0 throughout

223,956

Blue

Consumer Water
3
Footprint / m

Green Water – 0 throughout

Wool

Green

Grey Water – 0 throughout

1,070,010

3

Distribution to
UK Water
3
Footprint / m

Green Water – 0 throughout

Cotton

Raw Materials Water Footprint / m

Production and Processing
3
Water Footprint / m

Green Water – 0 throughout

Fibre

UK
Clothing
Use
Tonnes
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Figure 3,2: Distribution of Green, Blue and Grey Water Footprint per fibre type

3.1.4

Location
When considered on a country by country basis, only 2% of the total water footprint is
attributable to activities undertaken in the UK and the remaining 98% occurs outside the UK.
The countries that contribute to >1% of the total water footprint and the activities undertaken in
each country as part of the UK clothing use supply chain are shown in Table 3.5 below. The
value for China in particular may be an under-estimate since a majority of polymerisation and
resin conversion for oil-based synthetic fibres takes place in China, but water footprint data
were not available to include in this analysis.

TABLE 3.5 % CONTRIBUTION TO TOTAL WATER FOOTPRINT PER COUNTRY

Country

% of Total
Water
Footprint

Main Activities
Cotton, viscose fibre and silk worm feed cultivation

China

41%

India

25%

United States of
America

5%

Cotton and viscose fibre and silk worm feed cultivation

Australia

5%

Rearing of sheep for wool

Fibre processing and garment manufacture (all fibre types)
Cotton, viscose fibre and silk worm feed cultivation
Fibre processing and garment manufacture (all fibre types)

Rearing of sheep for wool
United Kingdom

2%

Fibre processing and garment manufacture (all fibre types)
Consumer use

Pakistan

4%

Cotton cultivation, fibre processing and garment manufacture
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TABLE 3.5 % CONTRIBUTION TO TOTAL WATER FOOTPRINT PER COUNTRY

Country

% of Total
Water
Footprint

Main Activities

Brazil

1%

Cotton cultivation

Turkey

1%

Clothing processing and manufacture (all fibre types)
Flax cultivation

3.2

France

1%

Other countries

10%

Clothing processing and manufacture (all fibre types)

Consumer Use Water Footprint
As shown in Table 3.1 above, the lifecycle water footprint of washing all new clothes
3
purchased in the UK in one year is 36.3 million m . Assuming a UK population of
20
3
62,262,000 this is equal to 0.58m per person.

3.3

Water Footprint versus Water Scarcity
As discussed, the impact of a water footprint depends on both its size and location and it is
important that scarcity is allowed for in understanding the water footprint of the UK’s annual
clothing use. Therefore, to identify water impacts the water footprint of each country has been
compared to the water resources situation in each country. This has been derived from the
total renewable water availability per capita for each country in 2025, developed by the Water
21
Resources Institute on the basis of 1995 data, extrapolated on the basis of population growth
to 2025 and provided by the World Business Council for Sustainable Development’s Global
3
Water Tool. A water availability of >1700 m /day is defined as “sufficient”, while anything lower
is considered a stressed or scarcity situation.
The country water availability of each country included in the UK clothing Water Footprint is
presented below for those countries that represent >1% of the total water footprint.

TABLE 3.6 % WATER AVAILABILITY PER COUNTRY

% of Total
Water
Footprint

Total Renewable per
person (actual)
(2050)
3
(m /person/yr)

China

41%

1,936

Sufficient

India

25%

1,313

Stress

United States of America

5%

8,505

Abundant

Country

Water Stress Status
22

20

ERM "A Carbon Footprint for UK Clothing and Opportunities for savings" report, February 2012 taken from UK population data
available from Office of National Statistics (2010)
21
Revenga C, Brunner J, Henninger N, Kassem K and Payne R (2000) Pilot Study of Global Eco-systems: Freshwater Systems, Water
Resources Institute (WRI)
22
As noted in the Executive Summary of this report, some watersheds in China are water stressed
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TABLE 3.6 % WATER AVAILABILITY PER COUNTRY

% of Total
Water
Footprint

Total Renewable per
person (actual)
(2050)
3
(m /person/yr)

Australia

5%

19,916

Abundant

United Kingdom

2%

2,200

Sufficient

Pakistan

4%

915

Brazil

1%

38,507

Abundant

Turkey

1%

2,445

Sufficient

France

1%

3,097

Sufficient

Country

Water Stress Status

Scarce

This shows that India and Pakistan both have a high water footprint and low water availability.
However water availability can vary greatly across a single country and water stress can exist
at a watershed level in countries where water is classified as ‘abundant’ and ‘sufficient’ at a
country level.
For example, although defined at a country level as ‘water sufficient’, the map of projected
availability of renewable freshwater resources in 2025, taken from the WBCSD Global Water
Tool for the UK, shows that a significant proportion of the UK is predicted to be ‘stressed’ or
‘water scarce’ by 2025.
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Figure 3.3: UK projected availability of renewable freshwater resources in 2025

2324

As shown in Box 2
insufficient water resources can have a significant effect on the long
term sustainability of the cotton industry.
Box 2: Cotton cultivation in Asia

In February 2011 cotton prices surged to $1.90 per pound, the highest recorded in the 141 years of
1
the New York Stock Exchange and an approximately 150% increase compared to 2010 . The price
surge in cotton is thought to have been largely due to three factors:

3.4



Heavy drought in China due to substantially below-normal rainfall since October 2010 causing
failure to cotton crop and forcing an increase in cotton imports to make up the shortfall in
domestic production.



Severe flooding in Pakistan during 2010 resulting in mass cotton crop failure; and



Restriction on exportation of cotton from India in order to cope with increasing domestic demand
for cotton.

1

Calculated Water Footprint Comparison
As discussed, the water footprint of clothing used in the UK in one year has been calculated
3
as 6,306 million m water. As shown in Table 3.7, this represents between 6-8% of the UK’s
total water footprint (depending on the data source).

23
24

http://www.indexmundi.com/commodities/?commodity=cotton
http://www.fao.org/docrep/013/al975e/al975e00.pdf
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TABLE 3.7: COMPARISON OF CALCULATED WATER FOOTPRINT OF UK’S CLOTHING
USE TO THE UK TOTAL WATER FOOTPRINT
Water
Footprint /
3
Mm per year

Description

Data Source

Water footprint of
clothing used in the UK
in one year

URS calculations

102,000

UK’s total national water
footprint (agricultural
products, industrial
products and domestic
water use)

Chapagain, A. K. and S. Orr (2008) UK Water
Footprint: The impact of the UK's food and
fibre consumption on global water resources,
Volume 1, WWF-UK, Godalming, UK.

86,038

The consumption water
footprint for the UK

Feng, K., Hubacek, K., Minx, J., Siu, Y.L.,
Chapagain, A., Yu, Y., Guan, D. and Barrett, J.
(2011) Spatially explicit analysis of water
footprints in the UK, Water, 3(1): 47-63

74,646

Water footprint of UK
consumption
(agricultural products,
industrial products and
domestic water use)

Mekonnen, M.M. and Hoekstra, A.Y. (2011)
National water footprint accounts: the green,
blue and grey water footprint of production and
consumption, Value of Water Research Report
Series No.50, UNESCO-IHE. Appendix IX.

6,306

As discussed in Section 3.1, the water footprint of all cotton clothing used in the UK in one
3
year has been calculated as 3,316 million m water. This represents only 1% of the water
footprint due to the global consumption of all cotton products in one year (using data from the
Water Footprint Network as shown in Table 3.8 below).

TABLE 3.8: COMPARISON OF CALCULATED WATER FOOTPRINT OF UK’S COTTON
CLOTHNG USE TO THE GLOBAL COTTON WATER FOOTPRINT
Water
Footprint /
3
Mm per year
3,316

1

4,661

Description

Data Source

Water footprint of cotton
clothing used in the UK
in one year

URS calculations

Total water footprint of
all UK’s cotton
consumption – NB this

Chapagain, A. K. and S. Orr (2008) UK Water
Footprint: The impact of the UK's food and
fibre consumption on global water resources,
Volume 1, WWF-UK, Godalming, UK.

includes all cotton products
(i.e. clothing and household
textiles) and does not include
washing
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TABLE 3.8: COMPARISON OF CALCULATED WATER FOOTPRINT OF UK’S COTTON
CLOTHNG USE TO THE GLOBAL COTTON WATER FOOTPRINT
Water
Footprint /
3
Mm per year
5,560

1

Description
Water Footprint due to
UK consumption of
cotton products (for the
period 1997–2001)
consumption – NB this
includes all cotton products
(i.e. clothing and household
textiles) and does not include
washing

256,336

Water Footprint due to
worldwide consumption
of cotton products (for
the period 1997–2001) –
consumption – NB this

Data Source
Chapagain, A.K., Hoekstra, A.Y., Savenije,
H.H.G. and Gautam, R. (2006) The water
footprint
of
cotton
consumption:
An
assessment of the impact of worldwide
consumption of cotton products on the water
resources in the cotton producing countries,
Ecological Economics. 60(1): 186-203.
And
Chapagain, A.K., Hoekstra, A.Y. and Savenije,
H.H.G., Gautam, R. (2005) ‘The water footprint
of cotton consumption’,Value of Water
Research Report Series No.18, UNESCO-IHE.
Appendix I

includes all cotton products
(i.e. clothing and household
textiles) and does not include
washing

Note 1 – Please note the publically available data regarding the water footprint of UK cotton
consumption has been calculated using value fractions, which, as discussed in Section 2.5.1,
significantly impacts the calculated water footprint compared to using the product fraction. URS believes
that product fraction better represents water consumption and has been applied throughout the study.

3.5

Sensitivity Analysis
For key data assumptions where there is significant uncertainty, sensitivity analysis was
performed to examine the sensitivity and significance of the results and conclusions due to a
change in data. This was conducted for fibre mix and wash frequency.

3.5.1

Fibre Mix
For the fibre mix sensitivity analysis, the % fibre mix was varied as per Table 3.9.

TABLE 3.9: SENSITIVITY ANALYSIS TO ASSESS THE EFFECT OF A VARIATION IN
THE % FIBRE MIX
Fibre Type

EU Fibre Mix used in the study

25

26

Alternative UK Fibre Mix

Cotton

43%

32%

Wool

9%

2%

Silk

1%

2%

25

Bio Intelligence Service Environmental Improvement Potentials of Textiles (IMPRO Textiles) Final Report, Nov 2009
Provided by WRAP (original data source Carbon Trust (2011). International Carbon Flows:
http://www.carbontrust.com/media/38358/ctc793-international-carbon-flows-clothing.pdf
26
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TABLE 3.9: SENSITIVITY ANALYSIS TO ASSESS THE EFFECT OF A VARIATION IN
THE % FIBRE MIX
Fibre Type

EU Fibre Mix used in the study

25

26

Alternative UK Fibre Mix

Flax / Linen

2%

6%

Viscose

9%

4%

Polyester

16%

45%

Acrylic

9%

4%

Polyamide

8%

5%

Polyurethane /
polypropylene

3%

0%

TABLE 3.10: IMPACT OF SENSITIVITY ANALYSIS TO ASSESS THE EFFECT OF A
VARIATION IN THE % FIBRE MIX ON THE CALCULATED WATER FOOTPRINT
Calculated Water
3
Footprint / Mm
using EU Fibre
Mix

Calculated Water
3
Footprint / Mm
using UK Fibre
Mix

% Difference

3,316

2,468

-26%

501

111

-78%

1,447

2,894

100%

Flax / Linen

103

309

200%

Viscose

857

381

-56%

Polyester

31

88

181%

Acrylic

29

13

-56%

Polyamide

16

8

-38%

Polyurethane / polypropylene

6

0

-100%

6,306

6,273

-1%

Fibre Type

Cotton
Wool
Silk

Total

As shown in Table 3.9, when recalculated using the revised fibre mix, the total water footprint
is reduced by only 1%.

28

Review of Data on Embodied Water in Clothing
Summary Report
3.5.2

Frequency of washing
For this sensitivity analysis, the frequency of washes was varied as per Table 3.11.
TABLE 3.11 IMPACT OF SENSITIVITY ANALYSIS TO ACCESS THE AFFECT OF A
VARIATION IN THE NUMBER OF WASHES ON THE CALCULATED WATER
FOOTPRINT
Number of washes per
27
garment type
9.9
5
15

Calculated Water Footprint
6,306Mm

3

6,288Mm

3

6,325Mm

3

As shown in Table 3.11, when recalculated using the revised number of washes, the total
water footprint is varied by only +/-0.3%.
3.6

Limitations
The following limitations have been identified as particularly significant for the study:


As discussed in Section 2.3, uncertainties were identified associated with the use of
the World Trade Map (COMTRADE Statistics), as exports from some European
countries were anticipated to include re-exports and so mask the original location of
28
the fibre. This is also known as the ‘Rotterdam/Antwerp effect’ and causes imports
and exports to be attributed to the country of transit as opposed to the ‘real’ partner
country. The Rotterdam Effect is not confined to trade between EU Member States but
can affect trade between any pair of countries where the goods are transported
through one or more additional countries. The correct attribution of partner country to
transit trade is a longstanding problem. Therefore, despite further research of fibrespecific trade data and industry-specific publications to determine the more likely
locations there remains some uncertainty with regards to determining where clothing
consumed in the UK may have actually been sourced from. As the country of origin
does affect the water footprint, this uncertainty in sourcing results in a corresponding
uncertainty in the modelled numbers.



Limited data are available regarding the water footprint of all specific life cycle
processing and manufacturing stages across the variety of fibre types included in the
study, particularly silk and man-made fibres.



The water footprint numbers calculated as part of this study are based on a very
simplified model of the UK clothing industry. However the clothing supply chain is
extremely diverse and it is anticipated that many intermediate process steps occur in
many locations.

27

Provided by WRAP
Herrigan, M., Kochen, A. and Williams T. (2005) Analysis of Asymmetries in intra-community trade statistics with particular regard to
the impact of the Rotterdam and Antwerp effect HRMC
https://www.uktradeinfo.com/pagecontent/documents/edicom_rotterdam_effect_2005.pdf
28
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4

WATER SAVINGS
As part of the study, URS has also calculated the potential water footprint savings associated
with a number of actions. The actions cover all life-cycle stages and are focussed on those
aspects which have the greatest contribution to the overall water footprint and therefore the
greatest potential to reduce impact. The potential water savings actions are presented in the
accompanying excel workbook and Table 4.1 and discussed in summary below.
In line with the carbon footprint report, the water savings are quantified relative to the
estimated baseline footprint and are presented for a realistic ‘central’ future reduction scenario
and also an aspirational ‘what if’ reduction scenario.




Green Water
o

The main influence in green water is by maximising yields of cotton, wool, flax
and viscose fibres by improving farming practices. Retailers in the UK could
have a strong influence along the supply chain to the farming communities if
they can trace back from production through the manufacturing processes to
the areas where the crops are grown.

o

The substitution of natural fibres with man-made/synthetic fibres will also
reduce the green, blue and grey water footprint. For example replacing 10%
of cotton fibre with a 50% poly-cotton blended fibre would reduce the total
water footprint by 3%.

Blue Water
o

Irrigation efficiency improvements, particularly in uncontrolled field flooding
methods (as in cotton and fodder in many areas) are key to lowering the water
footprint and conserving water for other crops or uses. For example as shown
in Table 4.1, a 20% efficiency saving in the irrigation of cotton cultivation would
reduce to total water footprint by 2%. More importantly it would make more
3
than 150 million m of water available in many parts of the world for other
uses, social and economic.
In many parts of the world, irrigation water efficiency is very poor (>50%
losses) as a result of poorly maintained and out-dated systems. However, the
cost of the more efficient systems (sprinkler and drip) is high and can often be
unaffordable by farmers in the key countries where cotton and flax are grown

o





Although water in the processing of raw materials and manufacture of
garmets, withdrawn from lakes, rivers and aquifers is a small proportion of the
total water footprint (2%), efficient water management practices within the
manufacturing facilities will lower water use. Global industry standards might
be applied to clothing manufacture, possibly following the EU’s Integration
Pollution, Prevention and Control, or encouraged by the retailers through
supply chain management.

Grey Water
o

With 28% of the WFP being related to the pollution of water resources,
considerable improvements are possible.

o

In agriculture, better “sustainable” farming practices are required to reduce
contamination from the leaching of fertilisers, pesticides and herbicides from
the soil. For example as shown in Table 4.1 a 20% increase in organic cotton
i.e. reducing pesticides and chemicals used in cotton cultivation and in turn
eliminating grey water footprint would reduce the total water footprint by 1%.

In manufacturing, improved compliance with water quality standards (and the
tightening of water quality standards) will reduce grey water, and recycling of process
water within manufacturing will both reduce blue and grey water. For example:
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o

a 50% increase in treatment standards would reduce the total water footprint
by 5%

o

a 5% increase in the water efficiency in garment processing and
3
manufacturing process would reduce the blue water footprint by 4.8 million m .
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TABLE 4.1 WATER EFFICIENCY SAVINGS
Baseline

Life Cycle Stage

Action Description

Realistic 'central' reduction scenario

Water Footprint / m3

Potential Water Reduction
Estimated
Water
Savings

/m3

UK

Non UK

/%

UK

Non UK

Aspirational 'what if' reduction scenario

Potential
Water
Reduction
as % of
Total Water
Footprint

Potential Water Reduction
Estimated
Water
Savings

/m3

/%

UK

Non UK

Potential
Water
Reduction
as % of
Total Water
Footprint

Raw Materials,
Processing and
Manufacture,
Distribution to UK,
UK Consumer use

1. Eco efficiency across supply
chain (production, distribution and
retail)
-5% Reduction of water footprint
for all fibres and across each
stage of supply chain
-30% Reduction of water footprint
for all fibres and across each
stage of supply chain

121,368,430

6,184,728,366

5%

6,068,421

309,236,418

5%

30%

36,410,529

1,855,418,510

30%

Raw Materials,
Processing and
Manufacture,
Distribution to UK,

2. Design for durability (and
product lifetime optimisation) e.g.
extended product life, improved
durability of fibres, change in
consumer behaviours away from
'fast and disposable fashion'
- 10% Longer lifetime of clothing,
same end of life (i.e. 10% less new
clothing purchased)
- 33% Longer lifetime of clothing,
same end of life (i.e. 33% less new
clothing purchased)

85,062,157

6,184,728,366

10%

8,506,216

618,472,837

10%

33%

28,070,512

2,040,960,361

33%

Raw Materials,
Processing and
Manufacture

3. Shift in market to higher
proportion of synthetic fibres
- Replace 10% of cotton fibre with
50% poly-cotton blended fibre
- Replace 40% of cotton fibre with
50% poly-cotton blended fibre

49,396,426

3,251,476,370

5%

3,232,860

158,410,144

3%

20%

13,265,959

650,031,967

11%

4. Reduce washing requirements
of clothes / clean clothes less e.g.,
by fibre surface coatings

36,306,273

N/A

10%

3,630,627

N/A

0.06%

15%

5,445,941

N/A

0.09%

UK Consumer Use
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TABLE 4.1 WATER EFFICIENCY SAVINGS
Baseline

Life Cycle Stage

Action Description

Realistic 'central' reduction scenario

Water Footprint / m3

Potential Water Reduction
Estimated
Water
Savings

/m3

UK

Non UK

/%

UK

Non UK

UK Consumer Use

5.Wash at lower temperature /
Improve energy efficiency of
automatic washing machines
- Weighted average wash
temperature reduced from 46oC to
39.3oC i.e. reduction in energy use
per wash from 0.72kWh/load to
0.64kWh/load (a 11% reduction in
energy use)
- Weighted average wash
temperature reduced from 46oC to
32.9oC i.e. reduction in energy use
per wash from 0.72kWh/load to
0.401kWh/load (a 44% reduction
in energy use)

19,679,365

N/A

11%

2,164,730

N/A

UK Consumer Use

6. Increase size of washing and
drying loads
- Load increases from 3.4kg to
3.7kg (8.8% increase in load size
and 7% reduction in number of
loads required)
- Load increases from 3.4kg to 4kg
(17.6% increase in load size and
14% reduction in number of loads
required)

36,306,273

N/A

7%

2,541,439

N/A

N/A

0%

N/A

Aspirational 'what if' reduction scenario

Potential
Water
Reduction
as % of
Total Water
Footprint

Potential Water Reduction
Estimated
Water
Savings

/m3

Potential
Water
Reduction
as % of
Total Water
Footprint

/%

UK

Non UK

0.03%

44%

8,658,920

N/A

0.14%

N/A

0.04%

14%

5,082,878

N/A

0.08%

N/A

0%

0%

N/A

N/A

0%

- Washes per year reduced by
10%
- Washes per year reduced by
15%

UK Consumer Use

7. Use the tumble dryer less
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TABLE 4.1 WATER EFFICIENCY SAVINGS
Baseline

Life Cycle Stage

Action Description

Realistic 'central' reduction scenario

Water Footprint / m3

Potential Water Reduction
Estimated
Water
Savings

/m3

UK

Non UK

/%

UK

Non UK

Waste Disposal

8. Dispose less - reuse more
-Increase in % of clothing
ultimately re-used from 47.6% to
52.6%
-Increase in % of clothing
ultimately re-used from 47.6% to
62.6%
N/A to water footprint

N/A

N/A

0%

N/A

N/A

Raw Materials

9. Start closed loop recycling of
synthetic fibres
- 5% of all synthetic clothing is
recycled (closed loop) resulting in
reduction of production burden
(1:1 basis assumed)
- 10% of all synthetic clothing is
recycled (closed loop) resulting in
reduction of production burden
(1:1 basis assumed)

1,784

87,400

5%

89

Waste Disposal

10. Dispose less - recycle more
(open loop)
-Increase in % of clothing
ultimately re-cycled from 14.5% to
19.5%
-Increase in % of clothing
ultimately re-cycled from 14.5% to
24.5%
N/A to water footprint

N/A

N/A

0%

N/A

11. Improve irrigation efficiency in
cotton cultivation e.g. from furrow

N/A

765,842,344

10%

N/A

Aspirational 'what if' reduction scenario

Potential
Water
Reduction
as % of
Total Water
Footprint

Potential Water Reduction
Estimated
Water
Savings

/m3

Potential
Water
Reduction
as % of
Total Water
Footprint

/%

UK

Non UK

0%

0%

N/A

N/A

0%

4,370

0.000%

10%

178

8,740

0.000%

N/A

0%

0%

N/A

N/A

0%

1%

20%

N/A

N/A to water footprint

Raw Materials

76,584,234

2%

153,168,469
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TABLE 4.1 WATER EFFICIENCY SAVINGS
Baseline

Life Cycle Stage

Action Description

Water Footprint / m3

Realistic 'central' reduction scenario
Potential Water Reduction
Estimated
Water
Savings

/m3

UK

Non UK

/%

UK

Non UK

Raw Materials

12. Increase in organic cotton i.e.
reducing pesticides and chemicals
used in cotton cultivation and in
turn eliminating grey water
footprint
- by 10%
- by 20%

N/A

311,794,804

10%

N/A

31,179,480

Raw Materials

13. Increase in volume of cotton
sourced from locations with lower
Water Footprint. (N.B. this has
many other social and economic
implications)
- 10% of the cotton seed sourced
from India where the WF =
9,321m3/tonne is sourced from
USA where the WF = 3,230m3 per
tonne.
- 20-% of the cotton seed sourced
from India where the WF =
9,321m3/tonne is sourced from
USA where the WF = 3,230m3 per
tonne.

N/A

1,269,067,634

19%

N/A

236,942,417

10,871,443

97,842,986

5%

543,572

Aspirational 'what if' reduction scenario

Potential
Water
Reduction
as % of
Total Water
Footprint

Potential Water Reduction
Estimated
Water
Savings

/m3

Potential
Water
Reduction
as % of
Total Water
Footprint

/%

UK

0%

20%

N/A

62,358,961

1%

4%

37%

N/A

473,884,835

8%

0.1%

10%

Non UK

irrigation to drip feed irrigation
- by 10%
- by 20%

Processing and
Manufacturing

14. Improved water efficiency in
processing and manufacturing
process e.g. through water
recycling
- 5%

4,892,149

1,087,144

9,784,299

0.2%
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TABLE 4.1 WATER EFFICIENCY SAVINGS
Baseline

Life Cycle Stage

Action Description

Realistic 'central' reduction scenario

Water Footprint / m3

Potential Water Reduction
Estimated
Water
Savings

/m3

UK

Non UK

/%

68,214,366

613,929,296

50%

34,107,183

N/A

1%

166,269

UK

Non UK

Aspirational 'what if' reduction scenario

Potential
Water
Reduction
as % of
Total Water
Footprint

Potential Water Reduction
Estimated
Water
Savings
/%

/m3

UK

Non UK

Potential
Water
Reduction
as % of
Total Water
Footprint

- 10%

Processing and
Manufacturing

15. Improved treatment standards
(particularly in relation to pollution
caused by textile dyes), or use of
non toxic dyes reducing grey water
footprint
- by 50%
- by 75%

UK Consumer Use

16. Improve water efficiency of
automatic washing machines
- by 1%
- by 10%

16,626,908

306,964,648

5.4%

75%

51,160,775

N/A

0.00%

10%

1,662,691

460,446,972

N/A

8.1%

0.0%
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5

CONCLUSIONS
The study has shown that limited data are available to enable the full life-cycle water
footprint of the UK’s annual clothing use to be calculated, the clothing supply chain is
highly diverse and complex, and detailed market information and country-specific water
footprint data are not available for all specific life cycle stages and process steps
involved in the manufacture of clothing across the variety of fibre types (particularly silk and
manmade fibres).
However, using the data available, the results of the water footprint study have shown that the
3
calculated water footprint is 6,306 Mm3. This is equivalent to, on average, 2,534m water for
every tonne of clothing used in the UK in a single year. However, the water footprint per tonne
3
of fibre varies significantly by fibre type, with the modelled estimates ranging from 78m per
tonne (for synthetic fibres such as Polyester, Polyamide and Polyurethane / polypropylene) to
3
58,153 m water per tonne for silk. (Note that data were not available for the water footprint of
polymerisation and resin conversion for the oil-based synthetic fibres, and therefore the results
are likely to be under-estimates for these types of fibre.)
The most significant element of the water footprint is the production (cultivation / rearing) and
extraction of raw materials and represents 87% of the total water footprint. Of this the
cultivation of cotton represents 44%, silk 23% and viscose 11%.
In terms of the three types of water, the footprint comprises:


Green (evapotranspiration during crop growth) – 3,458 Mm (55%)



Blue (net withdrawal from lakes, rivers and aquifers) – 1,096 Mm (17%)



3

3

3

o

951 Mm in the irrigation of crops

o

109 Mm in the processing of raw materials and manufacture of clothes

o

0,01Mm in transporting clothing to the UK

o

36 Mm in consumer washing

3
3

3

3

Grey (measure of pollution impact on freshwater resources) 1,753 Mm (28%)
3

o

1,070 Mm in fertiliser, pesticide and herbicide application

o

682 Mm in the processing, dying and manufacture of clothes

3

However, unlike with carbon footprinting, the aim of a water footprint is not necessarily to
reduce its size but to focus change in locations where water resource are already or are going
to be scarce. 98% of the total water footprint is consumed outside the UK in the cultivation,
growth and extraction of raw materials and the processing and manufacture into the finished
garments. Only 2% of the total water footprint is consumed in UK comprising 0.1% from wool
raw material production/rearing, 1.3% from UK clothing manufacture and 0.6% from automatic
clothes washing.
Therefore, any focus on water efficiency within the clothing manufacture and use life cycle
needs to focus on the countries where the most water is consumed, prioritising in countries
and watersheds where freshwater availability is scarce. When comparing the water footprint
with the available water resources (at a country level and for significant watersheds within
each country), the following countries are highlighted;


China – 41% of WF (Cotton, Viscose, Silk and Garment Manufacturing)



India – 25% of WF (Cotton, Viscose, Silk and Garment Manufacturing)



USA – 5% of WF (Cotton, Viscose and Silk)
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Australia – 5% of WF (Wool)



Pakistan – 4% of WF (Cotton)



Brazil – 1% of WF (Cotton)



Turkey – 1% of WF (Garment Manufacture)



France – 1% of WF (Flax and Garment Manufacture)

With regards to reducing the water impact of the clothing industry, although the most influence
is over activities undertaken within the UK, this however represents only 2% of the total water
footprint. It is therefore considered that the most significant impact can be made by focussing
on the following key areas:


Irrigation of crops (cotton, fodder for sheep, mulberry bushes for silk) – Improve
efficiency of existing methods



Fertiliser, pesticide and herbicide manufacture – Promote more sustainable farming
practices to limit pollution and maximise crop yields, while minimising water quality
impacts



Improving water use and the quality of water discharge at raw material and clothing
manufacturers, including water re-use and improving treatment standards of all water
that is discharged back to the environment.

Achieving the above could require a coordinated response from government, the importers
and the retailers to develop a strategy to work in the external water footprint locations.
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Appendix A

Data Sources and Assumptions
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Appendix A - Data Sources and Assumptions
When calculating the water footprint, there were a number of data limitations. Available data have been
thoroughly researched to allow as accurate a water footprint as possible to be calculated. Although there is
a good degree of confidence in the calculated footprint (+/- 20% in green and blue water, +/- 50% in grey
water), the uncertainties need to be considered whenever the results are presented. The following section
outlines the data sources and the limitations and the assumptions made in the calculations.
A1. Data Sources
Imports and Exports


On-line Trade Map (trade database using data from COMTRADE statistics) available at
http://www.intracen.org/marketanalysis/TradeMap.aspx which contains annual statistics regarding
countries and volumes of approximately 5300 products. This is data collected by the World Trade
Organisation and has been verified extensively by this multi-national body.



Sustainable Clothing Action Plan, Feb 2010



http://indiansilk.kar.nic.in/rti/CO/WorldRawSilkProduction.pdf



Ferringo (2012) Insider’s Guide to Cotton & Sustainability. Published by MCL Global



Oerlikon (2012) The Fibre Year 2009/10. A World Survey on Textile and NonWovens Industry. Staple
cellulosic production

Existing Clothing and Distribution data


ERM "A Carbon Footprint for UK Clothing and Opportunities for savings" report, February 2012

Fibre Type and Finished Product Type


Bio Intelligence Service, Environmental Improvement Potentials of Textiles (IMPRO Textiles), Final
Report, Nov 2009

Water Footprint Data


Report 18, Chapagain, A.K., Hoekstra, A.Y., Savenije, H.H.G., Gautam, R. (2005) ‘The water footprint of
cotton consumption’



Report 47, Mekonnen, M.M. and Hoekstra, A.Y. (2010) The green, blue and grey water footprint of crops
and derived crop products, Appendix II.



Report 48, Mekonnen, M.M. and Hoekstra, A.Y. (2010) The green, blue and grey water footprint of farm
animals and animal products, Appendix V.



Mapping of evidence of sustainable development impacts that occur in life cycles of clothing, Dec 2007



The role and business case for existing and emerging fibres and in sustainable clothing, The Food and
Environmental Research Agency, 2010.



Water Conservation in Textile Industry, Prof. Muhammad Ayaz Shaikh, College of Textile Engineering,
SFDAC, 2009 http://www.docstoc.com/docs/30956801/Water-conservation-in-textile-industry



Bio Intelligence Service Environmental Improvement Potentials of Textiles (IMPRO Textiles) Final
Report, Nov 2009



Report 29 Gerbens-Leenes, P.W., Hoekstra, A.Y. and Van der Meer, Th.H. (2008) 'Water footprint of bioenergy and other primary energy carriers'

Other Information


http://factsanddetails.com/world.php?itemid=1224&catid=54&subcatid=349



2010 Guidelines to Defra /DECC's GHG Conversion Factors for company reporting
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Technical Conversion Factors for Agricultural Commodities, FAO, 2003



Report 16, Chapagain, A.K. and Hoekstra, A.Y. (2004) ‘Water footprints of nations’

A2. Assumptions
The following assumptions were used in the water footprint calculation.
Clothing Volumes


The small amount of clothing manufactured in the UK and then exported abroad was not considered in
the study. All clothing manufactured in the UK was assumed to be used in the UK.

Production and Extraction of Raw Materials


As described in Section 2.3, for some fibres, the countries of origin for the raw materials used to make
fibres were estimated from the top countries for export of those raw materials. For other fibres,
additional market reports were used to estimate the country locations
TABLE A1: LOCATIONS OF RAW MATERIALS FOR FIBRES (INPUT DATA FOR MODELLING)
Raw material
type for each
fibre type
(fibre type in
parentheses)
Cotton
carded
combed
(Cotton)

not
or

Locations of origin for fibre raw materials

35% China, 25% India, 15% USA, 0% Pakistan, 5% Brazil, 10% Other

Flax
raw
or
processed not
spun (Flax /
Linen)

52% France, 28% Belgium, 5% Canada, 4% Netherlands, 3% Egypt, 2%
Belarus, 2% Lithuania, 4% Other.

Crude
29
petroleum oil
(Acrylic,
Polyester,
Polyamide,
Polypropylene)

16% Saudi Arabia, 11% Russia, 6% Iran, 5% Nigeria, 5% United Arab Emirates,
4% Angola, 4% Canada, 4% Iraq, 4% Kuwait, 4% Norway, 4% Venezuela, 3%
Libya, 3% Mexico, 3% Qatar, 2% Algeria, 2% Kazakhstan, 2% Oman, 2% UK,
16% Other.

Silk
worm
cocoons
suitable
for
reeling (Silk)

81% China, 16% India, 3% Other

29

As noted in Sections 2.2.1 and 2.3, the locations for polymerisation and resin conversion leading to production of synthetic fibres are
different to oil production and refining, with China as the leading location. Due to lack of available water footprint data, the
polymerisation and resin conversion steps could not be modelled for these fibres.
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TABLE A1: LOCATIONS OF RAW MATERIALS FOR FIBRES (INPUT DATA FOR MODELLING)
Raw material
type for each
fibre type
(fibre type in
parentheses)

Locations of origin for fibre raw materials

Other vegetable
fibres (Viscose)

56% China, 7% USA, 6% India, 3% Indonesia, 28% Other

Wool not carded
or
combed
(Wool)

60% Australia, 14% New Zealand, 6% South Africa, 3% Germany, 2% Argentina,
2% United Kingdom, 2% Uruguay, 11% Other.

Processing and Manufacture of End Product / Garments


90% of UK clothing consumption is imported , 10% manufactured in UK.



The top source countries for UK clothing imports are taken to represent the countries of clothing
manufacture for UK clothing. As noted in Section 2.3, there may be many intermediate locations within
the clothing supply chain, which were not modelled. Such detail may make some differences to the
magnitude and global spatial spread of the water footprint, but these are not expected to be significant.

30

TABLE A2: LOCATIONS OF MAJOR UK GARMENT IMPORTS (INPUT DATA FOR MODELLING)
Fibre Type

Location of Major UK Garment Imports

Acrylic,
Polyester,
Polyamide,
Polypropylene

42% China, 7% Turkey, 5% Bangladesh, 4% India, 4% Romania, 3% Germany,
3% Italy, 3% Sri Lanka, 3% Vietnam, 2% Belgium, 2% Cambodia, 2% France, 2%
Indonesia, 2% Morocco, 2% Spain, 14% Other.

Cotton

30% China, 11% Bangladesh, 11% India, 10% Turkey, 4% Italy, 2% Belgium,2%
France, 2% Germany, 5% Sri Lanka, 4% Netherlands, 3% Pakistan, 2% Spain,
2% Mauritius 12% Other

Flax / Linen

48% China, 6% Italy, 6% Sri Lanka, 4% France, 4% India, 3% Bangladesh, 3%
Turkey, 2% Germany, 2% Indonesia, 2% Netherlands, 2% Romania, 2% Uruguay,
2% Vietnam, 14% Other.

Silk

40% China, 25% Italy, 14% France, 7% India, 4% Germany, 3% Netherlands, 3%
Spain, 4% Other.

Viscose

42% China, 7% Turkey, 5% Bangladesh, 4% India, 4% Romania, 3% Germany,
3% Italy, 3% Sri Lanka, 3% Vietnam, 2% Belgium, 2% Cambodia, 2% France, 2%
Indonesia, 2% Morocco, 2% Spain, 14% Other.

30

Sustainable Clothing Action Plan, Feb 2010
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TABLE A2: LOCATIONS OF MAJOR UK GARMENT IMPORTS (INPUT DATA FOR MODELLING)
Fibre Type

Wool

Location of Major UK Garment Imports
36% China, 15% Italy, 6% France, 5% Germany, 4% Portugal, 4% Turkey, 3%
Spain, 3% Vietnam, 2% Egypt, 2% India, 2% Morocco, 2% Netherlands, 2%
Romania, 14% Other.



Globally approximately 60kg of water is used and about 45kg of waste water is discharged per kg of
31
output. The difference is lost as evaporation during textile wet processes (e.g. dyeing) . Therefore
assume 25% of water used in processing and manufacture is lost (blue water) and 75% is discharged as
wastewater (grey water).



The grey water footprint for cotton determined by the Water Footprint Network for bleaching, dying,
printing and finishing based was based on a the Biological oxygen demand (BOD), chemical oxygen
demand (COD), total suspended solids (TSS) and the total dissolved solids (TDS) in the effluent from a
32
typical textile industry (as provided by UNEP IE ). Therefore grey water for other fibre types
extrapolated based on volume of wastewater discharged.



No water use in clothing manufacture (from fibre to clothes).



Some production processes were extrapolated to different fibre types as no fibre-specific fibre data were
available.



In the absence of country-specific data, average data was assumed for all countries or it was assumed
that data available regarding European practices is representative of the global production.

Distribution to the UK


A simplified set of assumptions regarding locations of manufacture were used when calculating the water
footprint transport of finished garments from the manufacturer (and transport of fibres or fabrics for
garments manufactured in the UK) to the UK retail outlets. These are consistent with the ERM carbon
footprint report and based on the locations in Table A2. As shown in Table 3.2, the water footprint of
transport is a tiny fraction of the total footprint of clothing across its life-cycle.



Proportion of fibres and garments imported to the UK by transport mode = 92% sea and 8% air



Data for transport distances were taken from the ERM carbon footprint report.

Consumer Use (washing)


100% machine washing



5% of water used in automatic washing machines is lost (blue water) due to evaporation and retention in
clothes during washing and 95% is discharged as wastewater (grey water).



All wastewater generated during consumer washing process is discharged to foul sewer and treated at a
municipal treatment works, therefore zero grey water.



UK population = 62,262,000 (ERM "A Carbon Footprint for UK Clothing and Opportunities for savings"
report, February 2012 taken from UK population data available from Office of National Statistics (2010))



As provided by WRAP, the average annual number of washes per garment in the UK is 9.9 (calculated
from 274 washes per household per year – see ERM "A Carbon Footprint for UK Clothing and
Opportunities for savings" report, Section 3.6.1). All garment types and fibre types were assumed to be
washed at the same frequency. (This is an approximation which will vary as a result of consumer
behaviour, garment care instructions etc)



Average washing machine load = 3.43 kg per cycle

31

Mapping of evidence of sustainable development impacts that occur in life cycles of clothing, Dec 2007, Page 46
Cleaner production in textile wet processing: a workbook for trainers, United Nations Environment Programme : Industry and
Environment, Paris, 1996
32
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Other


Water embodied in energy derived from oil, coal, gas, hydro etc has not been assessed, other than in
the automatic washing of clothes where water embodied in energy (assuming energy from oil) is of a
similar magnitude as the net water consumption.



Blue water estimates in crop production have been derived from the water footprint network database.
This in turn is based on crop water requirement calculations and may not include an adequate
accounting for irrigation inefficiencies.

Appendix B

Copy of water conversion factors used in
excel calculation tool
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