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Glossary

CQe Carbon dioxide equivalents

GJ GigaJoule

LCA Life cycle assessment

MJ MegaJoule

PAS Publicly available specification
PLA  Polylactic acid

PTT  Polytrimethylene terephthalate

Units Conventional Sl units and prefixes used throughout: {k, kilo, 1000} {M, mega, 1,0qG0§10x,
10% {kg,kilogramme, unit mass} {t, metric tonne, 1000 kg}
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Abstract

It is well documented that clothing has a high
environmental footprint relative to many other
types of product Therefore, measuring the size
ofanitemofOf 2 i KAy 3 Qa
the major contributors to itis a valuable
exercise This information helps to develop an
understanding of the impact of these items on
the environment, and can indicate how these
impacts could be loweredOne method of
calculating this footprint is to perform a lifecycle
assessment (LCA)CAs provide a
comprehensive evaluation of the environmental
impacts associated with the existence and use
of a product This document reviews LCA
studies availabledf clothing items to assess the
current extent of information ando uncover
gaps in knowledge in this area.

Initially various LCA studies for clothing were
identified. These assessments measured the
overall environmental footprint for clothing
using a ariety of impact factors; for instance
the primary energy consumptior ecotoxicity
The information gathered from these studies
was then compared to identify the common
themes andhe lifecycle stagewith high and
low impact Where possible the LG#ata for
primary energy consumption (the most
commonly reported impactyererefined to
allow comparison betweethe different studies
and the individual processes involved in the
lifecycle of clothing

Overall, it was found that the datvailable
from clothing LCAs weneariable, and limited to

clothing made from a relatively small number of
textiles It was also found that there was little
consistency between the studies, which made

F 2 2 (i LINR opriiparisdn Wrie idéntifiéatoa of freyids difficult

Many assumptionare made about the lifecycle,
particularly for activities in the consumer use
phase such as the frequency and temperature of
washing However, it was clear from these
studies that the consumer use phase made the
main contributions to most environmental
indicators, with the production phase
accounting for most of the remaindefther
activities such as transpoiiorage and enadf

life typically had a small influence in the overall
figures The largest interventions identifieas
having a positive effect werafluencing
consumer habits to decrease the impact of
laundering, and adopting more efficient
practices irtextile and clothing production

The recommendations arising from this study
primarily focus on improving the osistency
and reliability of both the source data and the
reported LCA dataExpanding the range of
garments and constituent textiles modelled
would also allow a greater level of comparison
between different products These measures
would greatly expanthe information available
about the different impacts arising from
clothing, allowing more informed decisiots
be madeabout manufacturing, use and erud
life.
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2.1

2.2

Introduction

Summary

This report las been commissioned by MISTRA
to identify, review and analyse existing life cycle
assessments (LCAs) for clothing products
Information has been gathered from publically
available studies and collated to draw
conclusions about the environmental impacts o
clothing lifecycles, and provide insight into the
source of major impacts for different clothing
types and productsGaps in the information
provided by these studies have also been
identified.

Background

Clothing is an important part of everyday life,
both in function and for fashianA recent study
of European countries found that clothing
accounted for around 3% of all expenditure on
consumer productgthis spend is on a similar
level to halth and communication products
[Tukker 2006] The same sty analysed high
level environmental impact data for these
product groups In general, clothing was found
to have proportionally higher impacts than most
other product groups These disproportionate
impacts demonstrate the importance of
characterising ath understanding the
environmental consequences arising from
clothing

In general, clothing items are principally
manufactured from textileslt is widely
acknowledged that the production of many
textiles results in garger environmental impct
whencompared to other materialsMany LCA
studies have investigated the environmental
impact of textile productionand many reviews
can be found[Defra2010,McGill2009,DahlIdf

2003, 2004DEPA 1997]LCA®f textiles
typically follow a radleto-gatetype
methodology The final resultof this process
describethe impacts of a certain quantity
(typically 1kg) of the textile studied prior to
further processing into an end producthough
this is useful, as it allows comparison between
different typesof textile, it does not provide a
completeaccount of the overall environmental
impacts associated with the fdife of a textile
based producsuch as clothing

To assess the total environmental impact of any
product, a full cradlgo-grave study musbe
conducted This type of study includesdl stages
of a produc® lifespan In the case of clothing,
the initial stages of manufactufer common
textilesare relatively well characterisgds
described aboveBy contrastfewer dataare
available fo other, less common textiles or
other stages of the clothing lifecycdaich as
garment manufacture, consumer use or
disposal/endof-life. Fully characterisinghese
stages is important as theskata must still be
accurate in order to generate reliable AQata
Therefore, understanding the cumnt extent of
clothing LCA datand finding gaps in knowledge
will provide useful information about where
future efforts should focus to maximise impacts

Within thisreviewthe primary LCAgliscussed
are thosewhich are based oolothing items

For the purposes of this report these items can
be consideredisapparel for every day use (such
as TFshirts, blouses and jackgtsData for tems
such as towels, sheets, hospital gowns and
carpetsare available but imot discussed here as
they are outside of the remit of this study.
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3.1

Life Cycle Assessments

The LCA Process

A life cycle assessment is a process which
provides a comprehensive evaluation of the
environmental impacts associated with the
existence and use of a product or serviées
4dzOKX Ay Ly [/! it LKEI
taken into account including manufacturing, use
and disposal, i.ecradleto-grave Variants on

this methodology d&xist, as in some cases a
full LCA is not appropriate or desirableor
example measuring the impact of manufacture
is also common, i.eradleto-gate.

While a complete description of the LCA process
is not required here, by way of introduction a
brief outline of the ISO 14040 procedure is given
here.

Within the ISO 14040 definition the LCA

methodology consists of 4 steps:

1. Definition of goal and scope Definition of
the intended application (goadnd detail
of the study (scope)lincluded in this stge
is definition of the system boundaries and
functional unit

2. Inventory analysis¢ Modelling of the
system and collection of appropriate data.

3. Impact asssessment; Use of model and
data to evaluate the potential
environmental impacts in chosen
categoriege.g CQe, energy and
SO202EAOAGE SGOXuo

4. Interpretation - Analysis of major
contributions and assessment of
sensitivities

The information gathered during the first two
stages can be represented by a tifecle model
(Figurel). This simple model shows the system
boundaries which define the scope of the LCA,
the processes involved and the input and output
flows for the lifecycle This provides an easy
method to distinguish between the different
processes involved in the life time of a product,
allowing the identification of which stages
contribute most to different impacts

Figurel: Simple life cycle model of a cradle to
grave assessment.
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The most important output of an LCA is typically
the value or values generated during the impact
assessment stageThese are used to indicate
the different environmental impacts for the
functional unit modelled in thstudy. The most
commonly reported impacts are the carbon
footprint in CQe (as a measure of global
warming potential) or primary energy, though
others may be used in more comprehensive
reports (these are described belowBy
calculating the impact in thiway a fair
comparison between the environmental impacts
of different product types can be made

Clothing and textiles are known to have a high
environmental impact by mass in comparison to
many other products Therefore comparison of
existing LCAs wiive an indication of which
types of clothing result in the largest
environmental impacts

Detailed LCAs studies also provide data on the
individual stages of the lifecycl@hese
comprehensive studies can be used to inspect
the different impacts asswated with each
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phase, and map changes resulting from different ~ Other measures have also been used in the

lifecycle scenariosTherefore thesaletailed wider LCA literatureHowever, those described
data allowidentification of where the largest above are the most relevant to this work, and
impacts occur in a lifecycle, where potential feature mostcommonly in the identified
savings could be foundhd also where further studies

LCA dta areneeded to model further scenarios
Two other points are also worth mentioning at
One criticism of the LCA process is the necessary this point:

incorporation of all aspects of a lifecycle into a 1 Conducting even a small LCA is a
singlg or a small number gfepresentative complicated procedure, and different
values This may cause certain impacts to be studies may take different approaches,
over looked or gig unfair weighting to impacts make different assumptions and use
of a certain type Therefore, to give a more slightly diffeent information if primary
comprehensive vieya growing number of data arenot available Therefore two

indicators are now used to distinguish between

different environmental impactsSome réevant

examples are given below:

i Primaryenergy¢ The balance of primary
energy consumed during the production,
use and disposal of a product

1 Resource consumptioq Consumption of
raw materialswater usage is commonly
reported in textile LCAs.

1 Greenhouse gas emissioq®Reported in
Q0.e as a measurefémpact on climate
change

i Toxicological environmental impactsCan
be reported using several measures such as
human toxicity, persistent toxicity,

seemingly identical studies may produce
different results however the

discrepancy should not be large, and
neither should necessarily be considered
incorrect.

i Itis also of relevance to mé&on
streamlined LCAss some of the studies
analysed adopt this approach full LCA
should be as accurate as possible and all
processes must be include¢iowever,
this is highly timeconsuming as the life
cycle may include hundreds of processes,
manyof which make very minor
contributions to the overall impact

ecotaxicity, aquatic toxicity, eutroghation Therefore, some studies are o

potential and others WAaUNBFYEAYSRQ 0e 2YAUUAY
1  Solid wastes Ameasure of the s less important processes he exact

wastes produced during the lifecycle, this method used depends on the approach

may also include a measure of the hazards of the LCA study.

of these wastes.

4 ForMISTRA



RESEARCH & CONSULTING

4.1

Methodology

Methodology

The initial focus of this work was to identify LCA

studies which were broadly of relevance to this
review. These were located using from known
reports, discussions with experts and internet
and literaturesearching

This long list of data was then reviewed for
relevance to this work Studies were included
when they were found to model an item of
clothing and provide data on the environmental
impacts of a particular stage of an item of

Of 2 G KA yla Gurther, 12s3 @DpFehensive
data werealso obtained for textiles

The LCA dataeve gathered from these short
listed studies, along with any relevant details
about the model and life cycle stagethis
resulted in a range of data from different
models, reporting using various environmental
impacts and different unitsFurther information
was also abstracted abouté different
scenarios modellecconclusions reached and
assumptions made for use in qualitative
comparisons.

To allow comparison beteen studies, thenost
commonly reported measureenergy
consumption- was normalised for each study to
measure the impact of item (or pack) of
clothing

Where the data \as sufficientlydetailed this

information was further divided into four stages,

roughly corresponding to the basic LCA model

above:

9 Productiong This incorporates all impacts
associated with the acquisition of raw

materials and product manufacturing
Thesedata have been separated in some
studies, and this is reflected in the
summarydata in theAppendix However,
in the discussions below this is taken as a
single figure teenablebetter comparisons

I Useq These are the impacts associated
with consumer useFor clothing this
typically involves washing, drying and
ironing

i Other impacts¢ These account for other
activities such as transport, storage and
retail. Thesehave been recorded where
possible, however in some LCtAsy have
been incorporated as part of the other
stages

9 Disposalend of lifeg This is the impaabf
the adivities associated with the end of life
of the item, for instance landfilling,
incineration, reuse or recycling.

Where possible datadve been separated in this
way: however the differences in reporting
between studies precludes an entirely
consistent sparation of data.

Manipulation of the data in this way provided a
relatively consistent impact to be gathered from
each report, allowing some degree of
guantitative comparisons

The qualitative and quantitative comparisons
were used to draw conclusiomdout the

impacts of clothing and the quality of LCA data
available This allowed recommendations to be
made about ways of increasing the usefulness of
these studies

ForMISTRA
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5

5.1

LCA Studies

This sectiorbriefly describes the environmental
impacts associated with clothingnitially

various aspects of textile production are
examined as backgroundhe identified LCA
studies are then discussed individually, before a
guantitative comparison between the mis
robust studies is made.

The Environmental Impacts of
Textile Manufacture

Prior to discussing the LCA data for clothing it is
useful to examine similar data for the
production of textiles, as the type of textile used
strongly influences the overall engmmental
impacts of clothing items

Clothing can be fabricated from many different
textiles, which can consist of either natural or
man-made fibres A recent reviewDefra2010]
provides a good summary of many fibres types
used for clothingtems, catgorised by their

type (Tablel).

Tablel: Categorisation of fibre types

Natural Cy——
Re .
generated Synthetic
o)) Cotton p——
C .
B Flax.(llne) Viscose s
i Silk Polyester
Wool
Flax (short)
g Hemp el
= Jute Lyocell PLA
£ Nettle A i
N Ramie Soybean
Spanish Bloom
SourcgDefra201q

This primary categorisation is based on the
source of the fibre Natural fibres, like cotton
and wool, are derived from sources such as
plants or animals, and do not require synthetic
modification in their production into textilesBy
contrast, manrmade fibres require synthetic
modification in their productionas ther

starting materials are either not fibrous or

otherwise not suitable for fibre or textile
production These marmade fibre types can be
further subdivided into regeneratetiand
synthetic types, dependingn the nature of the
starting materials Synthetic fibres such as
nylon areentirely artificially synthesed,

typically from simple petrochemical starting
materials Regenerated fibres are produced
from natural sources of cellulose, such as wood
pulp, which is then synthetically modified to
produce fibres for use in textiledMaking these
distinctions is usefuhs the type of fibre
influences the overall environmental impact of
textile production.

The 201Mefrastudy also distinguishes
between¥xistingand Wmerginglibre types
Existindfibres are well established and typically
produced on a large scal@he vast majority of
clothing products are manufactured from these
types of fibre Emerging fibres are less well
recognised outside of niche uses, but many of
them have been identifieds having potential
environmental or performance benefits over
existing textiles

The comparatively minor status of emerging
fibres reduces the quality and availability of LCA
or similar data Therefore there are few
comprehensive LCA studies avakeafdr textiles
made from these fibresBy contrasia much
larger quantity of LCA data describes the
productionof existing textilesas they form the
majority of the textiles in clothing markefor
example the fibres usechost predominantlyin
clothingare cotton and polyester, which
account for 35% and 40% of the global clothing
fibre market respectively

Table2 summariseghe primary energy and
water consumption arising from the production
of the most common clothing textiles,
calculated using a cradte-gate methodology
[Defra2007].

a - .
These may also be referred to as sayithetic of cellulosic.
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Table2: Comparison of consumption figures for
the production of common existirtgxtiles

Energy Water
Textile consumption consumption

(per kg) (I per k)
Cotton 49 MJ 7000¢ 29000
Wool 8 MJ 125 and 5 to 40

(scouring)

Polyester 109 GJ n/a
Viscose 71 MJ 640

Source [Defr2007]

The data demonstratéhat the naturally

occurring textilegcotton and woolyequire
considerably less energy per kilogram to
produce than the synthetic textile polyester, as
little or no energyintensive synthetic processing
is required in their productionBy contrast, the
guantity of water consumed in the production

of these natural fibres is considerably more,
particularly when there is a need to water crops
This consumption value is also influenced by the
climate and plant or animal which is farmed;
therefore this vale can vary enormously
depending on the exact circumstanceSlearly
less or even no water is required for synthetic
textiles as they are not reliant on plant growth
Viscose, a sendynthetic regenerated textile,

has consumption values roughly betweemnse

of synthetic and natural fibresThis is
unsurprising as viscose manufacture is reliant on
a renewable source of cellulose requiring water,
but also requires synthetic processing in its
manufacture requiring energyHowever,

neither of these is as iansive as the equivalent
for natural or synthetic fibres

Theseconsumption indicators are the most
commonly reported for textiles production
However, theselata only provide part of the full
picture of the environmental impactOther
indicators such as ecotoxicity or land use also
may be important For example, from these
figures wool production appears to be more
environmentally friendly than cotton
production However, sheep farming requires
large areas of land and has maggotoxicity
impacts which are not taken into account by
these two impact measuresTherefore several
impacts are often calculated as part of these
studies, which can provide robust data to use or
compare with clothing LCA studies reliant on
existing texties

Far less information is available for the
emerging textiles, theefore performing a full
cradleto-gate LCA is difficult or impossible
However, a more recent study makes a
qualitative comparison between common
textiles, am emerging replacemengktiles
[Defra2010].

This study is able to make a qualitative
comparison of the impacts of these textiles and
ranks them against each other using five key
environmentd factors:energy use, water use,
greenhouse gases, waste water and direct land
use Thesedata aresummarised irrable3.

Table3: Ranking of textiles by different
environmental impacts

Energy use Water use | Greenhouse Waste Direct land
gases water use
Acrylic Cotton Nylon Wool Wool
o Nylon Silk Synthetic Regen. Ramie
o | Polyester/PTT Nylon Polyester cellulosic Cotton
§ Regen. cellulosic Regen. Lyocell Natural Flax
— & | (viscose, Modal) cellulosic PLA bast fibres | Hemp
é [} PLA/Cotton/Lyocel | Acrylic Viscose Nylon Viscose and
8, S | Wool Hemp Modal Polyester Modal
S | Natural bast fibres | Wool Cotton Jute
’3 Y(nettle, Natural Natural PLA
s hemp,flax) bast fibres | bast fibres Lyocell
Polyester Wool (Synthetic)

Source [Defra 2010]

What is clear from tesedataisthat no single
fibre type offers the lowest environmental
impact in all categories, demonstrating that
compromises and comparisons are required
when determining the fibre with the lowest
impact The fibre types which have generally
low rankings are the natural bast fibres obtained
from hemp, ramie and nettlelt is also
noticeable that many of the existing fibres are
ranked highly in several categoried/hilst these
data arenot quantitativethey give an indication
of the possible environmental benefits of using
one of the emerging fabrics as an alternative

Incorporating the data in this form into an LCA
study is impossible as it is only comparative
More comprehensive studies of these less
common textiles are required to provide the
guantitative impacts required to include them in
an accurate LCATherefore there are significant
knowledge gaps around the exact
environmental profiles of these emerging
fabrics Similarly thereare fewdata a1 mixed or
blended textiles, which have not been discussed
here. Again calculating the environmental
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5.2

521

impacts of these mixes would provide a better
basis for inclusion LCA studies, and remove the
need for assumptions or use of secondary data
Overall ths would make these assessments
more accurate and robust.

As described above, emerging fibres have often
been identified as being more environmentally
friendly than existing fibresHowever, other
factors such as economics, customer attitudes
and desiredibre properties have limitethe
growth of the use of these textilesFor

example, consideration of the garment type is
also necessary when looking to substitute fibres
or textiles Existing fabrics may not have
properties which can easily be replicatasing

any of the emerging textiles with better
environmental credentials

Summary of Clothing LCA Studies

A series of LCA studies of clothing items ha
been identified these are described
qualitatively below, with the most significant
environmental imicatars discussedPrimary
energy consumption is the main focus of many
of these studies; therefore this value (or
equivalent) has been identified for all studies
this is discussed quantitatively in section 5.3.

Within each description a summary of the
relevant parts of the lifecycle is givemowever
details such as the number or temperature of
the washes are not described unless relevant
Thesespecificdata areavailable for study each
in the Appendix

Environmental Assessment of Textiles,
EDIPTEX007

This study b¥EDIPTErovides the most
comprehensive LCA information of clothing
found. This study was produced to test and
demonstrate the ability of the organisati@n
database and methodology, as welltas
provide useful information on the litg/cles of
several items of clothing

Thisstudy carried out full, cradkn-grave LCAs
for four clothing products; @-shirt, a jogging

suit, a work jacket and a blous@.CAs are also
available fotwo other items, a tableloth and
floor covering put these are not discussed

here). These four garments were chosen for the

study as they are all common clothing items,
they are made from a variety of textiles and
they are representativef production by the
Danish textile industry

A comprehensive lifeycle model is developed
for each of these products including all phases in
the raw materials acquisition, production, use
and disposal Included in tkesedata are a
number of different scenarios which change
certain details of the lifecycle (e.gpurceof
cotton and altering washing temperature from
60°C to 40C) This provides data on the
consequences of altering the lifecycle and
identifies ways in which to minimise the various
environmental impacts

The data collected for this studye
comprehersive with details such as pesticide
run-off during cotton growing taken into
account This detail, combined with the
different scenarios, leads to a large number of
impacts assessed for each garment, far beyond
those seen for anytber study, resultingn a
wide-ranging environmental profile

A short summary is given below for each item
clothing,describing the largest influences on the
environmental profile and interventions which
have the potential to influence.it

T-shirt:

TheT-shirt modelledconsisted of 100% cotton,
subjected to a typical use phase involving
domestic washing and drying.

A wide range of impacts were calculatethe
major impacts associated witheh
environmental profile include

i Energy consmption from washing and
tumble-drying represents the largest
contribution to the primary energy use
This phase also had the largest emissions
associated with energy usagglsewhere
the transport of cotton fibres has an
unexpectedly large contribution.

i The largest contribution to reswce
consumption resulted from electricity
generation during the use phas©ther
contributions include consumption of
crude oil for pesticides, artificial fertilisers,
dyeing and the finishing process.

i The largest toxicity impact was found to
result fromcotton cultivation due to the
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various chemicals used during this stage to
aid growth

The different scenarios led to a number of

practical suggestions to reduce the overall

environmental profile These included:

1 manufacture from organic cotton

1 reducirg the frequency of washing

1 minimising the use of washing powder, and
avoiding fabric conditioners

i1 avoidingtumble-drying and ironing

i disposal via incineration plant to reclaim
energy.

Jogging Suit:

The jogging suit consisted of a two piece
garment,primarily made from nylon, but with a
cotton liner. The data used for nylon were
identified as being older, therefore less
accurate The typical scenario included
domestic washing and drying.

The largest contributions to the environmental
profile wereidentified as toxicological effects
from the chemicals used in cotton production,
despite cotton being the minor component

Large resource and energy consumption impacts

arose from nylon production and the use phase

The different lifecycle scenariagentified

similar measures as theshirt study to

minimise the environmental profileAdditional
suggestions were made about nylon production
typically improving production techniques to
lower energy consumption.

Work Jacket:

The work jacket modelledbasisted of 35%
cotton and 65% polyester, and was stated to be
more complex than the previous two garments
In this case the garment was assumed to be
washed industrially rather than domestically.

The largest impacts in the environmental profile
were identified to be the same as those
observed for the previous itemsHiowever, the
need for industrial washing increased the
influence of the impacts associated with energy
consumption in the use phase

In contrast to the previous clothing LCAs the
largestopportunity for influencing the
environmental profile was found to lie with the
produces. Their ability to use organic

materials, hardwearing materials and make
various choices about dying process was
identified as having the largest potential
beneficid impacts The study also identified this
as a potential product for ectabelling.

Blouse:

The blouse was identified as the least accurate
of the four studiess by EDIPTEX as not all data
were available, and assumptions had to be
made about various stages the lifecycle The
blouse modelled consisted of 70% viscose, 25%
nylon and 5% Elastane

The largest contributions to the environmental
profile were found to arise from the
manufacturing phase, due to the high energy
costs of textile production anthe wastes
arising from synthetic and seraynthetic textile
production

The use phase was found to have a far lower
influence as the blouse was washed at a low
temperature (46C) and hunglry. This
represented the best case scenario for a typical
consumer use phase for this garment.

5.2.2 LCA to compare a linefilax) shirt
with a cotton shirt, BIOIS, 2007

This LCA study compared the environmental
profile of identical linen and cotton shirts, using
the same methodology and lifecycle model
This is the onlgirect comparison between two
similar products found in the identified studies,
and it demonstrates the difficulties in identifying
the most environmentally friendly.

As with the other studies, the consumer use
phase provides the largest consumption of
water and primary energy; both approximately
80% of the total However, in total the cotton
shirt was calculated to consunmme sixtHess
energy during its lifetim¢hanthe linen shirt
(83kWhcompared tol00kWH. Thiswas
primarily due to an extra twaninutes of ironing
time which were assumed to be required for the
linen shirt The other impacts arising from this
phase were approximately equal as the
scenarios were identicéivith exception of the
ironing).

However, by comparing the other impact
measuements, the linen shirt was calculated to
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5.2.3

have equal or lower impacts overall in all in
individual phasesFor example, in the
production and manufacturing stagie CQe
emissions and eutropbation impacts were
found to be approximately everHowever the
linen shirt resulted ine eighththe water
toxicity impactof that of cotton, and used only
one quarterof the total water (6.4 litres
compared with 24 litres for cotton)These
differences are also reflected in the overall
figures for thetem. Therefore, on balangehe
linen shirt has a lower overall environmental
profile when the other factors are taken into
account

The study noted that the energy consumption
in the use phase could be significantly reduced
by altering habits, and #hlinen shirt consumed
more energyonly due to the assumption that it
required a longer ironing periodlherefore, by
adopting linen shirts, and using them carefully,
large environmental benefits could be realised

In the productions phases, limitinge use of
fertilisers, pesticides and other environmentally
harmful chemicals would be beneficial, and
more efficient methods of textile production
could be adopted by producerthis would help
minimise the overall environmental profile.

Streamlined LCAf Two Marks & Spencer
Products, Marks & Spencer, 2002

This study provided a streamlined cradite
grave assessment of a packiiofeeY Sy Q &
cotton briefs and a pair of polyester trousers

Several limitations exist within this LCA, for
example certain fimor processes were omitted
as part of he streantining process

Additionally, generic databases were used for
energy and materials production, which may not
be representative of the true valueginally, the
assessment was only performed using energy
consumption, limiting the assessmeait
environmental range However, this appears to
be one of the few LCAs which specifically
includes storage and sales activities

The results found that the use phase is the
dominant phase in terms of energy
consumptian for each item This is due to both
washing and tumbleadrying which were found

individuallyto account for between 230% of
the energy consumption in both models

Again it was found thablvering the washing
temperatureand avoidingumble-drying
provided the simplsetways for the consumer to
reduce the impact of the use phase
524 [/ 'Y 22YFyQa YyAdl
Franklin Associates, 1993

¢CKA& &aldzRe LISNF2NNXSR |
blouse made entirely from polyestelarious
factors were takenrito account, including

energy requirements, atwspheric emissions,

and waterborne and eartkborne wastes.

The LCA was conducted in 1993, using data and
a scenario based in the USBespite the age of
this study, it is commonly quoted and used in
other dudies as an example.

In terms of primary energy use the figures
broadly agree with those produced more
recently. Approximately 82% of energy usage
was attributed to consumer uséhis was split in
a ratio of 2:1 for washing:dryingMlanufacturing
consuned roughly 18% of the energy and
disposal less than 1%, but the raw dateramnot
presented

Gauging the other impacts was less simple and
comparisons are difficult due to the broad range
of different discharges, and lack of comparable

measurements

The conclusions in this study identified the
simplest method of improving the impacts was
to increase the lifespan, and improve laundering
and drying habits, (e.ghe frequency of washing
and drying method).

5.2.5 Polyester garment production
process: LCA argtreening, SIE, 2007

This study determined the environmental
impacts associated with therpduction of a
polyester blouseprior to entering intothe sales
and consumer stagea radleto-gate study of
the blousg. However, this study is useful as it
provides a comparison, and a more-tgpdate
version of the similar Franklin study described
above(though it is acknowledged that some of
the samedata areused in both).

10
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5.2.6

5.2.7

However, this study describes in detail the
processes taking place in the Far East due to the
desire to minimise labour and installation casts

Normalisation of the figures for this study and
the Franklin study reveal that the two figures for
garment production are within-50% of each
other, howevelittle else can be drawn from

this study .

Well Dressed?, Defra, 2009

Within this study two LCAs were performed
calculating the primary energy consumption
associated with the lifecycle of a cottdrshirt
and a viscose blouse

This study used the todeveloped by EDIPTEX
for this purpose, and the results are similar to
those already described in more detail above in
the EDIPTEX study sectidbiscrepancies in the
exact values seen in the summary table below
can be attributed to the slightly differentse
scenarios modelled

An Environmental Product Declaration of
Jeans, ADEME/BIOIS, 2006

This study performed a detailed lifecycle
analysis of a standard pair of fapecket style
jeans These were assumed to consist of 6009
of denim, 37.5g of cottofining fabric, 10.4g of
double yarn, 3.6g of rivets and 14g of buttons
In this case dataere usedfrom USA

production aghey were not available from the
actual countries of origin (Uzbekistan, India and

Egypt).

The results of this study were givenasious
different indicators Only an indication of where
the major impacts occur was given, rather than
a detailed breakdown of the impacts associated
with individual phasesAs previously, the
majority of impacts such as energy
consumption, toxicity ath water consumption
arise from the use phase, with large
contributions also arising from cotton
cultivation

However, uniquelythis study also produced an
internet tool for consumers to usé This
provides an interactive method of comparing

a http://www.ademe.fr/internet/eco-jean/

different scenarios (such as washing
temperature, or ironing), and how this can alter
the environmental impacts of a pair of jeans
The result is a very useful way of demonstrating
the effects of different factors on a number of
environmental indicators The evidace

provided by this tool backs up conclusions
reached in other studies about the impact
factors such as lowering the frequency of
washing, using organic cotton and leaving to
hang dry

5.2.8 Life Cycle Assessment in the Supply
Chain: A Review and Case Studyansport
Reviews, 2005

This study performed a cradte-gate analysis

of a standard pair of fivpocket style jeans, with
the energy consumption used to compare
different supply chain scenarios

Despite the supply chain and transport focus of
the study, the model and data gathered are
comprehensive, with two different production
scenarios modelledin the first the cotton is
grown in the USA, baled and sent to Turkey for
product manufacture, then sold in the Uk

the secondthe cotton is growrin India, with
jeans manufacture taking place in Bangladesh,
with salesin France.

The nature of this study means that the supply
chains and transport involved were the main
focus, and a good analysis of issues is presented

However, the largest contriliion was found to
be the manufacture of the jeans from the denim
textiles, with transport contributingnly around
5% up to this stageHowever, it was stated that
the largest transport contribution would come
from the consumer due to low loading volumes
of domestic vehicles, but no values were given.

5.2.9 Customer is King, Ecotextile News,
2009

This article summarises the LCA work carried out
by German discount retailer KiKiK undertook
acradleto-gate LCA of some owbrand jeans,
adapting the methodology to average over the
five styles of jeans which are sold through their
outlets. The impact was measured in terms of
CQe as a carbon footprint

ForMISTRA
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This analysis was based on average data for
almostone million pairs ofieans produced in
South Cha and sold over the course ofaar,
giving a figure of almost 7 kg @&er pair of
jeans at point of saleHowever, no further
detail about the individual stages is publicly
available, and no modelling of the use phase
wasknown to take place

5.2.10 Textile Mass Balances and Product Life

5.3

Cycles, BTTG, 1999

This study contains LCAs of two produets
nylon blouse and a polyester/wool suinly a
final energy consumption figure is provided for
each item, with no detail of thendividual
processes

Though thedata broadly agree with other
studies the methodology used tolatain themis
unclear, and there is nimdication of where the
data weregathered from Therefore this study
provides little new information, but backs up
some of the data generated in other studies

Collation of LCA data

To compare the results of these studigse

data for primary energy consumption were
collated Though simply comparing one impact
factor does not give a complete picture of the
envirormental footprint, the outputs of
different studies vary and energy consumption
is the only impact factor which is common to
almost all studiesTwo studies did not directly
report energy consumption, and for these the
carbon footprint has been used in jitace The
data aresummarised in the ppendix with other
data such as textile(s), the weight of the
garment, the assumed lifetime in washes and
any other useful notes

From theseadata, 11 LCAs were identified which
provided a full cradl¢o-grave assssment, as
well as a detailed breakdown of the impacts
associated with each stag@hese are
summarised irmmable4.

The variety of data sources,quucts and
scenarios means that it is difficult to make many
direct comparisons using these data. In general,
these figures are all within the same magnitude,
demonstrating a certain amount of conformity.
However, some useful points can be made.

By farthe highest energy consumption is seen
for the M&S trousers, despite being relatively
similar in weight and composition to other

items. This much larger value arises from the
ONRPdzZASNEQ O2YLJI NI} GA@ST
laundering model which includesashing,
tumble-drying and ironing. The lowest values
are seen for the blouses; these are considerably
lower than the other garments due to very low
contributions from the use phase [Cambridge,
EDIPTEX] or the manufacturing stage [Franklin].

Table4: Energy consumption and other relevant
data forthe 11 most comprehensive LCAs

Study Item
EDIPTEX T-shirt
Cambridge  T-shirt
BIOIS Shirt
BIOIS Shirt
M&S Briefs
M&S Trousers
Franklin Blouse
Cambridge  Blouse
EDIPTEX Blouse
EDIPTEX ~ Y°99™Ng
suit
Work
EDIPTEX Jacket

Textile

Cotton
Cotton
Cotton
Linen
Cotton
Polyester
Polyester
Viscose

Viscose

Nylon/Cotton

Polyester/Cotton

Weight Energy

@ (kwh)
250 54
250 30
253 83
253 100
72 105
400 200
55 19
200 14
200 18
285 79
850 133

Two similar studies have been conducted Tor

shirts and a viscose blouse in the Cambridge and

EDIPTEX studie$hese resulted in a fairly large
discrepancy between the figures for energy
consumption, despite using the same
methodology In the case ofhe T-shirts this
variation arises from the differences in number

of washes used; the EDIPTEX study assumes 50

washes, whereas the Cambridge study assumes
25. More subtle differences cause tariatiors
seenin the blouse consumption values

However, he primary cause is the greater
energy reclamation that the disposal phase used
in the Cambridge study

The comparative study of shirts performed in
the BIAS study is useful, and this was discussed
in the section aboveHowever, it is likely that

this provides the most consistent data for a
comparison between two items.

w

e

f2y
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A more detailed analysis of the different impacts
arising in each stage is giverfigure2, over,
which shows the percentage contribution of
each phase to the overall energy consumption
(A similar graph showing thesiata as theraw
kWh figures is given in the Appengdix

Several common themes can be identified from
the data. From this breakdown it is clear that
the use phase makes the largest contribution to
energy consumption for most items. The items
where this is not the case are the viscose
blouses, which have excephally low

laundering impacts, and the jogging suit which
has a relatively high impact from manufacture
and low impact from use. As stated previously,
it could be expected that synthetic textiles
would have a proportionally lower impact from
the use phae. However this is difficult to
resolve from the data due to the small sample
size for synthetic garments. The data for cotton
items are relatively consistent; the one
exception is the Cambridgeshirt study.

However, this study modelled around hatit
number of washesompared to the other

studies. These studies make assumptions about
many user habits, and the total number of
washes varies greatly from study to study, as do
factors such as washing temperature, tumble
drying and ironing. The variatis in these

figures clearly influence the energy consumption
(and other) impacts; therefore better
authenticity and consistency of the data are
required to improve analysis of this stage.

The second largest contribution is made by the
production phase.The nature of the studies
means that it is difficult to entirely separate out
textile manufacture and garment manufacture,
particularly for different textiles. It is difficult to
draw conclusions from the data above due to
variations in the data and leof information for
different textiles. However, the section above

describing the impacts of textiles provides a
good summary of some of the issues involved.
In general, the other stages such as transport,
storage and retail are assessed to contribute
very little energy consumption to the lifecycle of
most clothing items; their values are generally in
single figure percentages of the overall value.
However, it appears that some studies have
either not included them, or grouped them with
other figures.

Within the data there is a large variance in the
impacts arising from end of life or disposal,
though most studies identify it as insignificant.
However, several studies demonstrate that the
end of life phase can lower the energy
consumption through inaieration, which can
generate energy for use elsewheréhe largest
reduction seen (6%4ds in the Cambridge study,
which would be significant if applied over all
clothing. However, end of life also provides the
opportunity to improve the environmental
impacts through reuse and recycling scenarios,
and this does not appear to be incorporated into
any of the LCAs reviewed

Limitations also exist in simply comparing
energy consumption, or any other single
indicator. This is demonstrated by the BIOIS
study d two shirts, which provides the only
direct comparison between similar items
(similar linen and cotton shirts). In this case the
energy consumed during the use phase is higher
for the linen shirt; however this shirt is arguably
more environmentally friedly when other

factors are considered. However, the data from
most studies are not sufficiently comprehensive
to include several impacts and allow a good
comparison for single garment types.
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6.1

Discussion

The LCA data gathered demonstrate that two
stages make the largest contributions to almost
all environmatal indicators measuredThese
are the production stage and the use stage
Improving these stages presents the best
opportunity to minimise the environmental
profile of clothing The influence of different
factorsover these stages, as demonstrated by
the LCA studies, is discussed below.

Production

The impacof the clothing production process is
most strongly affected by the type of textile the
garment is made from, as both the materials
acquisition and the product manufacture are
influenced by the textiles usedrhe differences
in impacts between natural and synthetic fibres
discussed previouglshould also apply for the
lifecycle of clothing, though the data gathered
here did not fully elucidate thisSeveral
strategies are suggested to improve the
environmental impacts of this stagdlternative
sources of fibre with lower impactsuch aslax
or organic sourcegan be soughtlf replacing
the fibre is impractical then suitable processing
and manufacturing techniques should be used
which lower the overall impactnore datafor
these textilesarerequired Various steps could
be taken dumg production to increase
efficiency and minimise environmental impagt
these are typically textileor fibre-specific Eco
labelling was also noted as a method for
producers to demonstrate the benefits of any
measures that had been taken.

The review othe information available for this
stage inlicates that data in this area are
relativelyrobustcompared to the other stages
However, work has focussed &#xisting
textiles such as cotton and polyester, and there
is little corresponding data fo#émemgingQ
textiles. In the case of existing textiles, many
cradleto-gate LCAsf textiles have been
conductedwhich can form the basis of clothing
LCA. However,many of theanaly®s areold, or
reliant on old data, therefore care should be
taken to ensureghe data areaccurate and
appropriately used There are likely to be many

assumptions made, such as the quantity of
water used and the volumes of chemicals which
diffuse into the environment as a result of crop
treatments Therefore more data for both
emerging and existing textiles will be exedin

the long term to ensure the reliability of
assessments, artd allow comparisons between
different textiles and fibres.

6.2 Use

The use phase typically dominates most
environmental profiles, due to the large
consumption of water, energy and chemicals
used in the laundering process (iveashing,
drying and ironing) The main influence of this
was found to be consumer habits, as reducing
the frequency of washing and/dumble-drying
and reducing the temperater of washing
provide significant reductions in most of the
reported environmental impactsBy contrast
with the production phase, the choice of textile
had a secondary effect, as this influenced
factors such as the temperature of washing and
drying habits These typically favoured the use
of synthetic textiles

However, from this study it is clear that the
modelling of the use phase requires many
assumptions about typical consumer behaviour,
and none of the LCAs studied presented or used
any real dataon consumer habitsThis is
surprising given the large impact of this stage
and the correspondingly large error it introduces
to the overall LCA calculatio®ne review

states that it is possible that these studies
considerably ovewalue the impat of the use
phase due to oveestimations about the

number of washe’sand overestimations of the
efficiency of laundering machinefpefra2006]
Therefore, more extensive and accuratata
arerequired to reduce the number of
assumptions made when modellitigis phase

a_ . - e .

Thismay not be as beneficial as it first seenfeducing the number of
washes also implies that the overall use phase is shorter, requiring a
greater number of items to be made to give an equivalent number of
uses.
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6.3

6.4

Other stages

Other factors such as transport, storage and
retail are often overlooked, or not reported in
detail due to their minor contribution to the
overall environmental profile

The scale of the textiles industry means that
small improvements may have a large overall
impact Therefore, gathering reliable data to
model these phases is also important in
obtaining accurate indications, and greater
emphasis sbuld be placed on accurate data
gathering This will allow greater confidence in
assigning impacts, and allow better targeting of
strategies for reductions

DisposalfEnd of Life

The disposal or endf life phase received little
attention in many of these studidseyond
modelling typical landfill or incineration
scenarios It is alscacknowledged elsewhere
that there is limited LCA data on the
environmental impacts of different enaf life
options [WRAP 2010].

Within these studiesincineration was shown to
provide some benefits over landfill, primarily
through energy reclamatianHowever,

typically, average waste figures were used in
calculating this; therefore more representative
data for clothing could be used for this stage to
ensure accuracy

Other endof life options appear to have been
overlooked in the identified LCABlowvever,
several studies have shown that the reuse of
clothing and recycling of textiles have the
potential to significantly reduce the impact of
clothing[McGill2009,Defra2009a] Another
study calculted that the reduction in
greerhouse gas emissionssaiated with reuse
and recycling activities were on average 33
kgCQe and 8kgCQe per kg of clothing
respectively Defra2006] Modelling these
scenarios is complex, and therefore they are
difficult to take fully into account data available
in this area islso limited

Reuse and recycling have the potential to offer
large environmental benefitsHowever, gauging
them in the realorld is difficult due to the
complexities of recycling and reuse practices,
and dfficulties n incorporating thesénto the
LCA methodologyTherefore greater detail on
the fate of clothing and more sophisticated
models are required to assedwetimpacts of the
different end oflife scenarios.

16
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Conclusions

1 When calculated and interpreted correctly i
LCAs provide a powerful tool for measuring
the environmental profile of clothingind
for understanding where the large
environmental impacts occur during an

The two largest contributions to the
environmental impact arise from the
production and the use phasasthe
lifecycleof clothing However, other
phases sch as transport, retail and eraf

AGSY 2F Of20KAYy3IQa f ATS lifdas&Srake sigrificant contribution,

1 The data availablfor clothing LCAare
scarceand of variable qualityMany
studies are based on similar base data, or i
reliant on older information The range of
garments studied is also small, as many
studies choose similar clothing items

1 Alarge ariety of textiles isised to make
clothing however LCAs are mainly confined
to garments fabricated from cotton,
polyester and viscose, which are amongst
the most common textilesAsfew i
guantitativedata areavailable for
other/emerging textiles it isifficult to
compare different productsThere isalso
little data on fibre blends, and studies are
limited to products such as sheets

i Existing LCAs are inconsistent in their
reporting. Varying environmental impacts
are used, and often one or two iraditors
are relied upon, which may ignore i
significant impacts in other areas

i Functional units chosen for studies can
vary. Most use a single item of clothing
however others use impact per wash, packs
of clothing or a set weight of clothing
Theseinconsistencies make contrasting i
similar items problematic

1 Most studies make differing assumptions,
particularly for consumer habits during the
use phase, and no data appear to exist to
verify these assumptionsThis variance in
the models makes compiaon between
similar studies difficult.

whichmust be calculated correctly to
ensure the validity of the LCA.

The impact of the production phase is most
influenced by the textile used\atural

fibres tend to use less energy in their
production but are more demanding on
other resources such as wajand have
higher ecotoxicity levelsBy contrast,
syntheticfibres require fewer resources

but have higher energy consumptions.

The impact of the use phase is dominated
by energy and water use due to washing
and drying The asumptionfor synthetic
clothing- that they require lower washing
temperatures and are more likely to be
hung dry- mean that they should &ve

lower impacts in this phas@éowever not
enoughdata areavailable tosupportthis
assumption

The normal dispsal or waste phase has
little impact overall However, reuse and
recycling can significantly reduce the
impact by extending the lifetime of a
garment, replacing the production of a
garment or other textile product

In the futurg carbon footprinting(one

form of LCA calculatigris likely to become
increasingly prevalent as retailers seek to
promote their environmental credentials,

as evidenced by some of the studies above
Marketing tools such as the Carbon Label
administered by the Carbon Trust iseon
method of this, with PAS 2050 often used
as the benchmark for these studies
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8 Recommendations

1  To gain the most from the future of There is limited knowledge about the
clothing LCA studies, a common impacts ofblended textile clothinglue to a
methodology and set of reporteghetrics lack of basic datéor these textilesand the
should be adopted These measures would additional complexities involveid
help produce a consistent dataset for more modellingthem. Future studies should
useful analysis and easier comparison, and ensure that this type of clothing is
make the process less complekuidelines assessed
defining best practice would also help to
lower the difficulty of carrying outCAs and The actual energy usage of washing,
increase the compatibility of studies. tumble-drying and ironing should be

determined Certain studies (g M&S

i Atthe current time, the use phase 2002 acknowledgéhat the maximum
produces the largest environmental power consumption is not applicable over
impacts, but also contains the largest the whole washing cycle, but it is often
number of potential errors in LCA studies assumed to beThis could result in large
Many assumptions are made about user over-estimaes in the use phase.
behaviour when CAs are calculated,
particularly for washing and drying habits LCA studies would also benefit from more
A survey or study to gather real life data on reliable datafor transport, retail and
consumer practice during use for different storage stagesThough small, these still
clothing items would provide a much represent a significant contribution to the
greater level of detail and accuracy in overall impact
future clothing LCA studée A publidy
available dataset would produce Better characteisation and modelling of
consistency across different studies end oflife scenariosrerequired, themore
However, i should be remembered that accuratelyto determine the current
the data will likely be country and region impacts of this phaseFurther studies are
specific, and influenced by factors such as required to understand the benefits of
climate, age and lifestyle recycling and reuse over landfill or

incineration

i CurrentLCA data for common textiles are
adequateand can be incorporated into Alternative scenarios, modelling factors
clothing LCAgprovided the underlying such as different consumer habits or the
methodology is knownHoweverit is source of fibres, are useful and shoblel
apparent that much of thesdata are encouraged These provide insight into
based on oubf-date information being different methods for improving the
passed on through studie$EmegingQ environmental profile of a clothing
textiles such as hemp and jute are less well product
characterised, which has limited the ability
to conduct LCAsTherefore improvements The number of different garments which
could be achieved through expanding the have been characterised by LCA is limited
range of textilegor which thesedata are One useful strategy may be to develop an
available to include these alterriae G[ B NRNRG6SES O2ydrAyAyd
textiles. In addition to improving the comparable LCAs for the most commonly
quality of data, a standard set of impacts occurring clothing itemsThis would
could be specified to ensure consistency provide a baseline for other studies to
between future studies demonstrate the benefits of alternative

products It could also allow consumers to
piece together thaiown wardrobe to
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determine their overall impacts, or provide for social impacts dimited focus on local
the data for a comparison tool, much like issues Therefore other assessment tools,
the ADEME tool with a greater range of such as Environmental Impact
products. Assessmentsould be considered in
addition to LCA studies to provide
1 Many limitations exist in the LCA supporting data.

methodology, such as a lack of accounting
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